1 Cellular Comunication Systemw th Myving Base Stations and Met hods and
Appar atus Useful In Conjunction Therew th REFERENCE TO CO PENDI NG

APPLI CATIVONZ011/092698Priority is clainmed fromlsrael AppliPCRTLZN/N®II6203568,
filed 28 January 2010and from Israel Application No. 206455 filed on June

17, 2010. FIELD OF THE | NVENTI ON The present invention relates to
nnblle communi cati on networks and in partlkular to cellular conmuni cation
net wor ks. BACKGROUND OF THE | NVENTI ON Many nobi |l e comuni cati on

networ ks are known, including 4G networks. "nobile ad hoc network"” (MANET)
technol ogy is known. E-UTRAN is a known standard W MAX and 3G network
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di scl osures of all publlca ions and patent docunents nentioned in the
specification, and of the publications and patent docunents cited therein

directly or i ndpEeqiliNCE FOROFRNDERE, RBPEIEA TN e ence.

Priority is claimed from Israel Application No. 203568, filed 28 January
2010and from Israel Application No. 206455 filed on June 17, 2010.

FIELD OF THE INVENTION

The present invention relates to mobile communication networks and in

particular to cellular communication.networks.
BACKGROUND OF THE INVENTION

Many mobile communication networks are known, including 4G networks.
“mobile ad hoc network” (MANET) technology is known. E-UTRAN is a known
standard. WiMAX and 3G network systems are known. '

A known MANET algorithm is described in Fuad Alnajjar and Yahao Chen,
“SNR/RP aware Routing Algorithm Cross — Layer Design for MANET” (IJWMN, Vol
1, No 2, November 2009).

The disclosures of all publications and patent documents mentioned in the
specification, and of the publications and patent documents cited therein directly or

indirectly, are hereby incorporated by reference.



2 SUMVARY OF THE | NVENTI ON Certain enbodi nents of the present

i nvention seek to provide an internedi ate approach which nmay be based on

t he E- UTRANI28t1z0e@8d and that inplenments a wrel ess backhaaiL2eobwoion via a
nobile relay |ayer which dynamcally alters its connectivity to keep itself
synchroni zed with the nobile stations. Certai n enbodi nents of the
present invention seek to provide a cel | ular communi cation network in which
there are nobil e conmunication devices, a stationary core and typically at

| east one stationary base station, and at | east one nobil e base station.
The nobil e base stations extend the "reach”" of the network such that the
nost di stant nobile el enents speak to base stations, nobile and/or

stationary Uhggggak R n, in a series of hops, back to the

core. S Cer alﬁﬁi%%gglnenggigggk_to provi de nobile base stations each

having a "nobi | geftfih @RHIARNIIHO6F HRNBebdnY In'ctiBR Sedi @ ploRilet An0tdtedRCh as
t

dialing and ringing) on it which knows how to report to its nobile base
st ati on asappeoashawhishsmaythet based ot theedsUTRAN standerd: andh thatbioatileroents aseek

id r adi . .cO- | d,w th [ b '
communt cat TREe91 SarARNG SebR- 617 aagus: D eran e, AT bRl

base st atigsectivity to kegeitietl synetiropidedRth shéRBkilé Qatisrdyi de use of the
i nformation provided by the above communi cati on network configuration, so

as to enabl e anCemginerabedimentpi ofe thsa presentainveRtiany serkt & Areddevet keltulag

shoul d acc ] ' ] ' Ahi : [ r roit
shoul d rej%%@npﬁgﬁ?ﬁgggﬂggn?ﬁa%ﬁg&ngﬁggﬁﬁgﬁn%%n%%#%£¥%gkggﬁ%%f% S|%§§ t he
i ndi vi dual car®linl egypiasley at ddastoond Statiodare iabey sfadon,| andcanleestt @t inabite baset he
core or not connected.at all, whereas other npbile base stajions are better
connect ed. SHP dhe raeile hase s@HORMEY gk esg;%aegpn_e% HecoNeroer iRy BB Bost
stations, &@&ﬁﬂé@%@hb&es QR 115 BastlsBhioRE Fhdbile shdRlr WAYISnGO GREEHS thagK O

t he core. al n enbodi nents seek to provide a syStemfor
i npl enent i oyl se d&-, Ul RABH esatfbopk, bablato thacbrgdes a network infrastructure in

ST R N MR R R S T
nobi | e st ateMle( feldBho findtib@didy” (oRthr AhdFPPATOMPLt sidhtas(diBMg HaViREng)
standard E- UTRAN comruni cation | ayer which conmuni cates 3
on it which knows how to report to its mobile base station as to what base stations it
sees.

Certain embodiments seek to provide a radio manager on (co-located with) a
mobile base station communicating via radio with “colleague” radio managers on other
mobile base stations.

Certain embodiments seek to provide use of the information provided by the
above communication network conﬁgmatioﬁ, so as to enable an individual mobile base
station to determine whether it should accept mobile communication devices which turn
to it, or whether it should reject them because it knows they can do better elsewhere
since the individual mobile base station is currently poorly connected back to the core
or ‘not connected at all, whereas other mobile base stations are better connected. In
contrast, in conventional systems without moving base stations, the base station, being
stationary, is always connected back to the core.

Certain embodiments seek to provide a system for implementing a E-UTRAN
network that includes a network infrastructure in motion, the system comprising a
plurality of mobile relays (mRS), each accommodating a typically small E-UTRAN
base station (rBS), an E-UTRAN mobile station (rtMS) and a local radio management

unit (rRM) having a standard E-UTRAN communication layer which communicates



with its co-located nobile station (rM5) and its co-located base station
(rBS) in order to gather channel quality information characterizing at

| east onewarrdiimoedser ably all nobile stations connected POTih®iveobscat ed
base station and al so the nmeasurenments of its own co-|ocated nobile
station. The |ocal radi o managenent unit t%gi cally al so includes an in-band
mul ti-hop backhauling functionality which y replace conventi onal
generally proprietary decision layers in the E-UTRAN rRVMs which use the
channel quality information to associate nobile stations with base

st ations. with its c&docatedrmebiteodativar(IrNIS) and He corlaatedibasmistatien GBS eardento

provide a tactical co ni.cati gn networ k. who ipfrastructur.e i §.on.the
move, typi ﬁqfﬁwfﬂ% 1@“% ‘ﬁ‘@xa&flerﬁgl(,g %g?ﬁg?% ﬁ(‘*\ﬂﬁéﬁbﬁ&a @kﬁl el%t ure
that exhi bititfond @bhicetldab the BellQ@kEAVHILE Staiak And QHE the ie@sur&BEME ST &S on
subscriber termnal or as a relay between two nodes that do not have

connect i vigoylocafed mabile stationadhe docabradig managespant it fypicaliyalipingudss an

subscri ber s vahd im0 Ballind BncTBKARY Hnictl A3} SEflaccbnbed Rl Bl |
funct i onal propri¢tary decisieafcry én tthe EhUARAN i iRNdf ivihicld wee tthe tchanreel mualityot her

interferences by creating new alte,rnatit\ég) routes to replace routes that are

dr opped dugfarmaien foAspocie BIabHE SRIPPONIE 28%et M er f er ences, wherein each
new al ternat | v eCh i eﬁ[ﬁ%amg&% o %ﬁ&?r&anp%maant&%k%dpmae 0 Ridtial
station and nobile relay It is connected to, and a backhaul i ng secti on,

i ncl udi ng ddmemimicdt®nbedtwerknwhbee indlastrecturel iaym theanovea kgpipaiyt neisbasedam i n
the route. The fupctionality, jncl ude. measuring f. ual i t f each
section and™? lﬁq?fﬁ}% h‘éetWB{% emgﬁg?%eo#‘a%gﬁ@gﬁﬁio ?I&%l g‘%P&f‘igé(e best
qual ity copRgekh@nddR ithBr V& 38! WBEdfiber terminal ¥€ hé & ¥lag BEMIEBH 6@ nBles
networks, in which entire network infrastructures are_ nobile, have adopted
MANET t echthal dgjinet hakeecanmeetivityt aor onthe claseip esHuler architesture, dmayhighybase dat a
and attain_greater situati awar eness. " il : K"
(Ve 1 SRS S R JoEHRL AR Biert penclonlEl nBole ol Rel

l'i nks. Theexpette@tcsmave free to nove randonmly and organi ze thensel ves

arbitrarily; thus the network's wrel ess topol ng may, chang{_e rapi dly and
d’

unpr edi ct abl y. Eci-brsdemulirhon Backhayingefunc B1ay PedREN S IR NGRS

ot her node 0 . ' ' I: : dye to
terrain i n‘?“é‘#‘?’g?fa@‘%e{bo%?‘?f‘pngr?‘}ﬁgg‘l&%‘é‘%ﬁ%"g;& %r\?!é{uggéy%%% a?ﬁrggﬁlﬁggﬁ%sf H)ot her
nodes. Thetkeplot eoutssidiat red \doopped tdatei foi teyrains or otlier muatidnycassede sseferascenodes

drop in and out of the sh. . 4 . rtain. e di rents of the present
bt Fon ShoBh SchANSTamE o ingledZi s Section Tvesh Meopst-uies paife ront
base stati Qfitont hf nRbRe T8 :i?i% SsBcted ?o,f andesl bhagahiiRd SedohNircluding the

backhauling (101). The nobile part of the infrastructure (100) contains
mobi | e r el layks hehweenatbe neahtlerrdians) thay takseparbsenodss in filee LT HAR), by to

MANET t opol o in which the entire network is il an onnect j.ons

bet ween m%??é‘ch‘@gégeaé‘éﬂn’%ﬁ'ﬁr%@flﬁyaﬁie&f Seeliqn and ?%‘glingﬁ b e 8arnc nl?l?]l}lét 'ch
networ k st @tiebtidng wicicprovideurbd ghakty @hsedioado Aedese Astapri.n and out of the
mesh, certain enbodi nents of the present invention are based on a

central i zed appFastiesl earamumsations peiorisn in Mduch priirg JerserkRfrastyIctyrps affet wor k
(101) is s e. ! cat i wor kK
side in V\h]ilngﬁlllﬁ hhearxgeagg)gﬂegt andard tﬁ(‘c}])%g%)gkgs&e&s@aﬁgoﬁgf Bgangﬁﬁgﬁ%g% ggst'slws)i de,
wher e t her shafihg ofd4tndad attaid ptdater SitadtionrsvatddesdVS | ayer). In order to

comuni cate with standard base station S) on one side, and standard
nobi | e stati ons?( N/B%')ﬂeo?f? g ‘E‘Ptt‘ﬁ%&g s@’&él,‘]%tsrse‘s AFOTYLRNQIROUS SYSLERE © Hﬁ‘gb‘ﬁ:

i mpl enent ed, [ ) bl {thoORnARRIY MdRREdAU! | ng
P! CfuarlednlbaeEpl BN RIROThe el afciro o AndRly & ibgnsl( BSs)
and as basthesisevésombittapihgr thus ltlee metiwiorle's stiadlessrtop¢Ives maysclimpe cepdlyi andri g.
|l and Fig. 10. |.n thi roach, the topal ogy,.of .the network remai,ns

rel ativel y“’%f’tr%ﬂla{ﬂtﬁély’rﬁ%&ﬁg Y H 3 {PUE ?‘H@’gﬁjé?%?tﬁ Ha&eé%ﬁqrroélper 44 lends

both on t hﬁefnioﬁé‘sQno{@:pbﬁ@ tdFSiRt BiledhbP BE dAPled BEe foatkAYinliftéEErentdlor diinplycase,
even if one of the relay nodes is droptged down due to terrain

i nt er f er enbessysetthey mpfebeyand themsogh etiotienpdes chgradoreustchiostwarls SRNEEY IS t he
network is ggnt N Iitrzed tagvva(rigs a core net rek yﬁat is located in a safe and
per manent  TORRPFB,SreEed;asinPdes drap Iand oft oL e mestn traffic i s backhaul ed

t hrough other relay nodes along with static base stations towards the core
net wor K. Certain enbodi nents of the present invention provide
managenent net hods that conbine a centralized approach (in the core
network) and a distributed approach (in the relay network) into one

sol ution. Managenment net hods for standard cellular comuni cation

o, o o o o - e o



5 el enment that noves fromone place to another, and the network should
follow the user in order to provide connectivity and tel econmuni cati on
servi ces.wo0 2011/092698such a standard cel | ul ar network, thecuastmedooser bit
rate and quality of service should be naintained, regardl ess of the user's
mobility within the coverage area. In wire|ess systens, appropriate
handover, which is one of the fundanental techniques, is critical to
ensure desired user performance. The handover execution is typically
triggered by user feedback: neasurenent reports and/ or network configured
events. Diff ereflertaippembodinestes of et npresenidinyertiins  adept FrVERAN ecentral

vari ous cat ries .of -handovers. It is inportant that user.quali | S

mai nt ai nedérgl%?eé ?’H_ﬁ "HIB%H \ 5 ?Ietpgnﬁ%qn&bg% s&tf%ls ;%af%ﬁre é?ﬁ%%? (,)W%mE f;lr)ferclll mze
t he si gnal joB&tiohs SRfth e hatkHalihandoVe I THY asdilur gt of the infdtidcturst(@ooyn
measurenents nmay be as follows: In E-UTRAN the foll ow ng three downlink

nei ghbor cedntaingmebie felays thet aclsgreerding do wha rales of theok i Gpntramyetoer ence

synbol recgj . f I ei | :
RERQ = RO EarT M e T e B EF TP mItihey Bl dnt o
measur enmenmsbid¢ fodesrdan rchetbebypidine ald hiprediStably, and (VB)hichwhetobrk stabihiey - UTRA
nobile termnal, for each cell on a cell sogeci fic known pil ot sequ;a&e

e

cal | ed ref“é’_rnélﬁE@YsWPéﬁﬂds‘?S npdgs @W&?‘Fi (thgesh, jcertam canhodimenys o
entire Cargﬁx‘e?erni idvEnﬂi% zfxg ;saééat&'ha é&&%ﬁye%dapﬁs%rl A theRiiEptidrahdhé n&ifld S

(i ncluding serving c on the same carrier, or other carriers, as has
been defi nmait ofi theheetiwbEk Athlans ethbld. iThehietdy bger(100) do hpatednin beaweérethe may

be d. The two.referge nbol - t SRP and. RS
or ef or abl y SRR O I UBIR Tag AR aane ixed bine SR fd i teafidsRping
RSRQ can b@efeedr! S8AAS mobilalatishd %Ugtg?&taé%&mcbra&l N @bmetimldatey withy pe

measur enment s resBect ively. 1 n WCDVA and CPI CH Ec/No are the
cor r espondstergard;

_ gieattatins A hon ang sids; gndlistagdard mobilgrstationseMigson the
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i N EUTRAN, muhi MgMBbild backbhélineha/Weich $ dcheasi @bbite 9htidast&vardIaP static badeA

carrier Rss%llt'ions (BSs) and as base stations toward the mobile stations (MSs) as depicted in Fig.
land Fig. 10. In this approach, the topology of the network remains relatively steady.
The connectivity of the network is central and depends both on the fixed, nailed base
stations and the relay layer. In this case, even if one of the relay nodes is dropped down
due to terrain interferences, the effect is smoothed down because, unlike the MANET,
the network is centralized towards a core network that is located in a safe and
permanent location. Even if a node is dropped down, traffic is backhauled through other
relay nodes along with static base stations towards the core network.

Certain embodiments of the present invention provide management methods
that combine a centralized approach (in the core network) and a distributed approach (in
the relay network) into one solution.

. Management methods for standard cellular communication networks are now
described. Cellular communication systems are based on base stations that are located in
places chosen to provide optimal communication conditions and network coverage.
Each base station is usually located in a permanent place for a long period (month,
years), and thus backhauling to the base station is fixed and can employ E1 lines, fiber

or microwave links, which connect the base stations to the core network. In such typical

cellular networks, the mobile unit, which is the user handset, is the only mobile network



Addi tional network configured time donmain filtering can be used to further
filter out the effect of fading. There may al so be a requirenent on the M5
t o nmeasurwoand/meert the nei ghbor cell measurenents (ePgT/IRBRPo@NEE RSRQ i n
E- UTRAN) froma certain mninmum nunber of cells. In E-UTRAN this nunber is
8 cells (conmprising of one serving and seven nei ghbor cells) on the serving
carrier frequency (or commonly terned as intrafrequency). This nunber is
slightly lower (e.g. 4-6 cells) for neasurenents carried out on non serving
carrier frequency. M5 Reported Events for Mbility are now descri bed.
| nst ead of elerseptgbati mgvastfeonvent place jo rnothere apd ther eetwedsshosldefollogiifieiussz, ¢ he

M5 can be confiqured.to only.repaort .events.. ich in turn are triggered by
neasurenenlpor“ieﬁg? Pgo.wéﬁc n@?/%’ﬁ'l’tg aﬁ?iel?cf?gﬁn 1rmelff\igir% e r‘%I%:St he network. The
events can be sub-divided into absolute and relative events. An exanpl e of

an absol ute evep gich yMBAIHAT EIMr GREvoRSHR Hadited el OF Ak afs Quuli§ of
t hreshol d. Anot her exanple conprises a serving cell's RSRQ falling bel ow an

absol ut e tserdéshstionld be maintzipeds xegapdlessoff the wser'amobdite vatin the ogheragxansai ghbor

cell's RSRQ becones stronger than,that of th ervin el 85 N
margin (i. .WFgﬁeﬁ Pvec P %?ﬁ%‘?rb% haRdover YVE"‘SCE ]}%n(\)/% \(/)eél%i rfllhne&\%éegtg?i ng an
event nay Qgafiqies, RNerithal eRehdued dédiRgUBBE pedbrnidiCe SEie/ hargloeel txeotitioh iRy
operate on different carrier frequencies e.g. serving cell on carrier

frequency tFpicaliy tiggegathby user feedhackameparerpent JaRatsyandfor neiwprksepsdigurady t he
occurrence o] e, av. ratd N KarfAR furt her
act i one suass DERERIRES, A pnbREreBRR R Rk R s lBP PRV rk chfgeics
handover cefifimadovere It Rdmgbrtant thathsendpaliey Sanainiahed afieathertanmdones, tardorlvent s
are used for nobility decisiqgns.. There a@‘? t Bi.call L, Lwo Ki nds OIi mobi ity
scenari os:2 Digg RongpgHetp3nd mipimizethe siepa %E% gted R MRACARYET REFEIWRSi 1t y:

handover Cell reselection is typically an M5 autononous function w thout

any direct inte [ f I ESElIEERARN 0 M}% at
the M5 is base%ﬁﬁ%g%ﬁpﬁ&éa&ﬁrg@%@gﬁ@% gggﬁ tt%ﬁlél’vg'egl\slignlgfland %}g?%eﬁ cells.

The net wor threzaiowabink ingighbort dell astiemeats arRSRRcdiedgmondRBRrancbititye associ at ed
absol ute or rel attigve t hreshol ds for ceké%éﬁgel ection. The configuration is

carried out By Refgrage sYmbR) recerved popver tion and paranmeters on the
broadcast Chann%!afgre ?ﬁ§ymﬁ(ﬁ ré&md%taﬁ@t(llsm)?ﬁbkd L RYIRPYLAr@8 REHIAvi or 7 s

still controlled by € net wor k. e Standard al so specifies sonme rules
t hat govern NS BARERAdrarmérdkS$ler f orming cell resel ection.

The RSRP and RSRQ measurements are performed by the Mobile Station (MS),
which is the E-UTRA mobile terminal, for each cell on a cell specific known pilot
sequence called reference symbols. The E-UTRA carrier RSSI is measured over the
entire carrier; it is the total received power and noise from all cells (including servirig
cells) on the same carrier, or other carriers, as has been defined in the LTE Advanced, in
which several component carriers may be used. The two reference symbol-based
measurements (RSRP and RSRQ) are preferably used for mobility decisions.

In general terms RSRP and RSRQ can be regarded as 'signal strength' type and
'signal quality' type measurements respectively. In WCDMA, CPICH RSCP and CPICH
Ec/No are the corresponding 'signal strength' and 'signal quality’ measurements
respectively. In other words E-UTRAN RSRP and RSRQ measurements are analogous
to WCDMA CPICH RSCP and CPICH Ec/No measurements respectively. As in E-
UTRAN, in WCDMA the CPICH Ec/No is the ratio of CPICH RSCP to UTRA carrier
RSSI.

The neighbor cell measurements are typically averaged over a long time period

in the order of 200 ms or even longer to filter out the effect of small scale fading.



Handover, on the other hand, is fully controlled by the network through
explicit M specific commands and by standardi zed rules in the

speci f i cavpan11/0pk@8r eport ed events are excl usively usedPCoALivand@osr s. | n
addi tion, actual neasurenent reports may al so be used by the network for
executi ng handovers. New 4G commerci al cel | ul ar commruni cati on

net wor ks have adopted a new architecture that is based on many snmall Pico -
Fento cells instead of macro-cells. This networking approach enables (wth
Adoptive Modul ati on Code techniques) to utilize the spectrumin a much nore
ef ficient fdditienal agavark confagurerbtipe slaatsimbilierseaanibeatsedip Buathor Bler oufiel e
overcomlu%égggﬁﬁﬂﬁgan environments. Furthernore, in order to | ower
backhaul i n§ €xpenses” and enhance spectrumutilization, in sone cases the
base st at i Ditge aia§ dlepbaacdquvrdrient &lnaghs MBab masuichadarepers shs peighbarneellor
backhauling traffic. In_this case, one of the challenges of such E net wor k

i s rel at edNeRSUETHEES (S RERPARA RR Qg Erd ERAN) £eamm p certan mupinmm o

In the abo .IEOW_ 5¢ ri h i (

backhaul i négéﬁgfgp{v\or S ar e%pﬁxgﬁn%%rdﬁagg&ﬁgg%%gﬁﬁg pdeﬁ ?r%eﬁg% I %E:Hejgé\tv\kﬁi ch

ar e chosemédighbadwaiiske ohother sarvihg optiendtequemdyf (ar thmowghpuermedubs aotrat o t he
assunption_that the backhauli andwidth is r ively steady. .

Cortarn onBOHEREN: SHORIETE bt ORBHE e drf PRIShR PEueEan farHed nar i o
in which- §he,PRsEnstatiePsqh8y.Mobi | e and backhaul i ng performances can be
changed dramatically. Certai n enbodi nents of the present invention

seek to provi deMarRé¢pepted \Evgnisefohddptility arepperdesenibey. Insteadtdfgaquesing Hy

irel K. day.th h i -l i
such & i raPagacheat (et g ol MR Gl TS Rk 1O

approach igesis/liwhich 9 thie afeutrigRtedC BY | batred@in0atHorts) THee eGeis ard liadn it
enconpasses base stations and nobile statigns. However, |e acy[ base
émg{ﬂlﬂ

stations tiBeeddp dhantwprkarhe gvenss carBe swbvbingad inteabsplyte Vg events.
subscri berﬁ? %&Enl%p&%negtfstoﬁgé@%jg is Qvlﬁé%fviﬁ% AN RYRP Pﬂﬁ%e§éxﬁfah%§?1hfé nove,
several chall'enges need to0 be addressed, such as Inplenenting Wreless
backhaul whiteshold hanbtilehexaniple cormprades arseintisg celtisBSRIQ fallyingllyeiawianadbkglutet o
keep synchronhéati on with the served subscribers, and to maintain a dynam c
changi ng ft|h§‘ﬁ ty plan to avoid interference. The other available
contender 8 SOANtAQMAIOLFS PANHVD eVir: Bk 6RRer & MGEKbdr ScIRER SRR ibk&orAck- hoC
net wor k" ( MANET), whi (I:)h exhibits horizontal topology where each node either
serves as srosgirstban et of éhersersingorelldyy a cemdinymirginng en relatoventbersboldhakhedoes

not have connectivity. Such a network faces significant.challenges.t.o0
ot SRBOcnvvidin B Sefhe S ASER R SPeiaph dbé S Rl IE: g
connecti vi §e¥vin%- Bﬁyoﬁ* stiyfpemits b Qiffdrém Rbrribr fileh Getlcids @Ss. tservaigPqUrdn ditidr
service networks while naintaining both qualit¥8and | evel of service.

Certai n enfsestiensshF & and neighberr eedlepn carpgefequency Fépbseseonse deithe egsprensch
wh ' ' f t
Covent on TrefSomied b e A APRIART M perihl Bh (RERALEE LSRG b B B SCn

enconpass dsando v decisivasehith adyaeqiiksait to sendautahliyver kemarnhy tatdeMBhat i s

pl anned to be_located in_a fixed position, relay st%{ji ons ich are base
stations, typbeaaboye desgribed ueasyrementand exents e user for, mebiijty degsOnimnner
either fr '8[;%»%8133 A¥biffy depmdshe nacro base station. Each
relay is gg?b%%?%%cs rve rrlo%{?ﬂe stlafte}% (gns and subordi nate relays. The
dynam c rout irngldendofic mgbBiigcelsesetpetremt probl ens are of a significantly

| ower scale than with I\/N\%T et.\A@Lks due to the fact that the backhaul
routes and freq eegteddug r{ﬂ‘gﬂ iy, PRdONFY, restricted to the rel ays, while
MSs routing anf fdsEREGHEYs ASHicANTEM MU SuitcHgoushiRiddBn awRBsI ey ARakt

handover process. Such networks can support nulti-service capabilities very
sim | ar tointdreentiay fGheen¢twiods. Tle woll kesselectioRodecision tat 4b&iMg issbased eon

straightforward.al so due the fact that jts topel is far | ess-complex due
Co ot r AN PREK PR el S hiriEind Fedt 3BT JBY mefivork'can B RERC
enbodi ment BS 8fusé RERPIEEABRIRTY 8l tHRhsfcaddebsoRitdGds]ativc tREtGRIstBEcladi 0
resources of a 4G E-UTRAN LTE (or W MAX) cellular network in which part of
its base steaglpwion. dbe eonfagurations sdgarded opt by dransipiting redeysng infgrmafion; gpd 10,
naoumpt i orpar iR et he BRoaBRk el WRLE WRAE BT M e frelctEertiietaior
case in which a portion of its infrastructure is permanent and nail ed down
to a fixed | ocation, while another part of the network noves along with
users' nobile stations. Certain enbodi nents of the present invention
conbine a centralized managenent approach, which is related to a permnent
part, and a distributed managenent approach, which is related to the




In such a network, the backhauling of the nailed down infrastructure is

st eady, while the backhauling of the noving infrastructure can be dropped,
due to t ewpann/iedoerf erences or sinply because they novechaymndoiohs r ange
of the fixed base stations. In order to solve the probl em of

E- UTRAN W MAX network "on the nove" certai_}‘n enbodi nents of the present
invention may utilize a solution of in-band backhauling. In this case each
nobi |l e base station is turned into a nobile relay by adding to it a
standard nobile station. Certain enbodi mnents of the present invention are
r el at ed t dstshl @ptolléd dyctseevionielhostandagallsyspecins spwedulss dhaszovaroFi g.

1, in whi ?OISttﬁﬁ standard base stqlgrloeg | ayer of the network is divided into
two | ayer BVIPLYYAPD BErIQrpung wIHgseedioh j ons - sBS (2) that are |ocated
in pernmanent |0Haﬁdo@els oftEe abr HARETs MY TonEoINsd by BB DepistkaBLagk eRgidio t he
standard rul es of the EUTRAN and Another |ayer of noving Base Stations -

rBS(63) t hdiS, sparifie ecemprdskanduby stpndendized rslieatmothe spﬁwéeatw) Thg repertadyal | y
bi | | t 3
T ot Er SR T b fr e B VERSORE A Rkl

of the pr eﬂﬁﬂlbeus&déb@tth@ﬂet{araﬁefofrbﬁebdhﬂﬁghm&idvemanagerrent sol ution not on MESH
or MANET topol ogi es but on a_ new ’ggroach that conbines centrali,zed and

di stributed radNeWndHagsmmercial (redu éom@mmwgoaﬂ&%réﬁ&aﬁes@é@%ee M &gement
RR ol TelelA

((Jll v:v?jez i ﬂ%r%lﬁ%&\%u-fgﬁﬁt“ 659&8{&1{&?@ | zgia@‘(giRRkﬂ/I@[(E,‘l{r?J %llsz%stﬁ)a%fflﬂéc‘f‘?g&} ér?mdest he

MVE (or ASiteking mea(:hnatabiml()mﬁlnﬂdom@t Moldulatidn {sdecedhni@Ry) tof utileteay

Radi o Resource Managers - that,are | ocated in, each
rel ay. fie SPCUNEY R ("61‘)lu %f egfgflgmarf“@%ﬂ"ft 90q plgr RIgVI ?dgﬁ)gag%“ad
bet veen t henshafidadh s%%ﬂ&ésa’whﬁngé‘i‘ébhﬂﬁé Nardi drah @ndirshrhédis! tFRgtheMbre NRE Wor k
activity. In a case where all end-user nobile stations have connect | vi ty to
t he steadyorder 1oel@w¢oxbncl@aslen$ exnensgssands ¢rhampes N@pmmuﬁdﬁa@mtméomesqaﬁ%ut ed
rRVs and ny Janagenent S dalize RM
that is Ioilﬁ ?ﬁﬁl?lﬁeagwl?cgg)m r?%?lgrshé%basgk al cF’Snsgéje seﬁa)trrga/C ropp d due
to terrai ntrzifﬂbeﬁﬂ‘@ﬁﬁétfée &tie off tiplchaldaasi 9€ shdley noWuek heydadd the neang®’of t he
steady nailed base stations (sBSs), the rRVs cone into operation and 10
provi de baeringadgdicosEes PrrageBgnt(BRYDi ng nul ti-hop routes between t he
nobi | e rel ays.

In the abovementioned scenario, the base stations (or relays) and the
backhauling networks are ﬁxed and are located in permanent places which are chosen in
advance to provide optimal traffic throughput, subject to the assumption that the
backhauling bandwidth is relatively steady.

Certain embodiments of the present invention relate to a specific scenario in
which-the base stations are mobile and backhauling performances can be changed
dramatically.

Certain embodiments of the present invention seek to provide an improved
method for implementing a tactical moving wireless network. Today there are two
counter approaches to implementing such a wireless network. The first one is the
cellular approach. This approach is similar to the current cellular network in the sense
that it encompasses base stations and mobile stations. However, legacy base stations
today are not planned for any movement; only the mobile subscribers are expected to
move. In order to enable base stations to move, several challenges need to be addressed,
such as implementing wireless backhaul which should be able to alter its connectivity
dynamically, to keep synchronization with the served subscribers, and to maintain a

dynamic changing frequency plan to avoid interference. The other available contender



According to certain enbodinents, a method is provided to manage the radio
resources of this network by conbining rMss backhaul i ng nmeasurenent results
and end- vsonoNBIa@asur enents into one Quality G ade ReswCi/ILIERy0oagcor di ng
to whi ch handover cell reselection |oad control is carried out. The
network's nobile relay managers - rRMs, can conmuni cate between each ot her
and establish alternative routes in case o} backhaul i ng problens. Such a
network is depicted in Fig. 2. Mbile stations (14) can be connected
directly to the core network via a fixed standard base station (10), or

t hrough a sodhition {ot k) movingewizelass meﬂtvagleisi thea‘nmloliltiadkhm neveod” EMANEdDay

functions a ndar d.bas |on rB gecess si de d.as a
nobi | e st a‘f"ﬁj(?ﬁ ?’15{%} ‘Pn?ot“ga?btﬁl? g&l‘?’% s% 8@ nodeei ebg?Vﬁ? r"i’se"?‘rt?agﬁ H’gﬁrt s of
the the presgph bp4sH k&ﬁ‘y %@ﬁvereﬁlﬁtoeﬁodég thadided ASOHAECIIRBABAIE WucRfa such
a nobile relay network, icted in Fig. 2. The distributed nanagenent

sol uti on i setiyage fhcen Sgﬂd&:@aat C dienceRRVmAVRIgaY sff¢qtivm routieg ahat hanld Wagkager) .

Th RV d,b
T e e e L

sel ection/ §L§)ERMQﬁﬁlt10§hralﬁé| ef6tks GtileOmaiitaihing Shotie iquality ard Raslesf wheice. t he
centralized is unable to control parts of the network due to

degr adat i oRent#n sErodimentt ef gic preenb arveRtion M@%@v@}d@ e m%%qhmm%eﬁ% ly
is operati a on | ng
finctional ?{EE}V%%% R;%%Qpége E%ér?%%lte?ou?g%nglt %gg) ie&dglgl gfe%%g W tﬁ@ﬂegar d
to handovefm;ﬂéldemehthltlseipeelaymtedarcﬁ”mw Haladlemmrkleacanlmk@catmwo bhse cel |
connectivity. net sinplifjed diagramqf the relay ruct.ure,
accor di ng %@I%Fhaéi%u%‘ﬁ%&ﬁ]i’WWSHOdF&Lﬁe‘ﬁ H!Tlg’ﬁg lﬁcat%{ ’txﬁtf]é’o?('jlloﬂt i on
the relay j o nsb@ﬁl%h%&@fbwstéﬁ&ﬁ E}%@au@r@nm BaseNiAI0na) thﬁPQI'e| ﬁdﬁhaé' on
(rMs) are st ard. Their PHY and MAC Tayefs are according to the E-UTRAN

(or W I\/AX)wwr:kelsﬂ)mammhlang@sfrom a super ohdimetedielay qré‘rometheammre tationt Eaddf t he
i nvention, functiqgnality is i.ded t hat ceives fraomthe
rVB a repo s’tﬁc‘ﬁp%t@ ?%’9 lﬁ?ng tloﬂ&taﬂgrsﬁg %’éeﬂ@'ﬁt%% SHAUE RIS o
the rMs's E{meﬁreaﬁéncgoaémgnmt NYbblesms usdabt ¥ SighifichitBl lovkdr beéuld hBad evint e
base station in which the M5 is canped on. In this solution, the rMSis

controll edh%NE"ﬁ aehravka due fo thei Betsthaietheu baskhanl Tomtesrand raamensyt assieBmeRk
remote BS & o Y res%‘%tedoto ttlt;'e rella(grg a\thllMS routing and frequency assignments are done

through a conventional handover process. Such networks can support multi-service
capabilities very similar to the way 4G cellular networks do. Routing tracking is more
straightforward also due the fact that its topology is far less complex due to its tree
resemblance rather than a mesh topology.

Certain embodiments of the present invention provide methods to manage the
radio resources of a 4G E-UTRAN LTE (or WiMAX) cellular network in which part of
its base stations move. As already described, and as depicted in Fig. 10, typically,
instead of an entire network moving (which is the MANET assumption), the methods
shown and described herein assume a networking case in which a portion of its
infrastructure is permanent and nailed down to a fixed location, while another part of
the network moves along with users’ mobile stations. Certain embodiments of the
present invention combine a centralized management approach, which is related to a
permanent part, and a distributed management approach, which is related to the

network’s moving part, into one management solution.



The rBS is connected to the rRMvia an Ethernet port that carries the
standard R6 (W MAX) or S1/ X2 (E-UTRAN) nessages. The backhauling traffic of
t hi s nobiwe 20el@mg698s carri ed over the rM5, and due to tireTiiEDN1/0008%6 t he
relay is nobile, there is no guarantee that the backhauling bandwi dth is
sufficient, or that there is a backhauling, connection at all. In such
cases, the immunity solution is based on the nunerous routes that can be
establ i shed between the nobile relays. Certain enbodi ments of the present

i nvention provide nethods to nanage the systemin such a uni que case.

I n standard conheswhad netwouko thkesbackhawlingodf the@aiberds down anfrastructuredistskaady el ay

stations ar i he,. onl wor. k el nt, t hat bi | s the NS that
per f or s n’é( F%”rgmlé‘a%&é’}ll-@ﬁﬁwvﬁ%l nj%ﬁ %Smhgen&g?%edetﬁalle i P {ee
service. Bagefr@Red HedRpRBRshlse IR BovdBe)dal @ie rangk mhmsdsd BziHerslsatldﬁ§l si ons
are nmade. In such standard net wor ks these MS neasurenents are suffi CI ent

since base st at Ioprlenie salve shry peoblene (98 EoHIRANW A Senqtypriaree Ehed'@"
change. h rk,,sc ,
stations aeata}nelean;bs)gare Sm?é trIII% Sﬂg?gl{ltsm&g%edssglfa tﬁgﬁ%eor?s%@e%% he rreasur enent

of each MYdchMraulinge Ve this sasd ba'uh/ mopilebathetation i turhed ired anmpiobile trblay rhyut e of
MS5 in Fig. 2 contains_3 sections/hops: sectiqon g (15)%, k (16) and d (17).
The pr obl eadding torbe stapdasd sobilgatien hertpipembefupants olfbe prsei INENYaR ate on

t he nmeasur T,;Bﬁly igler at

nmeasur errenrt%s écz)]# tﬁ}si‘aé%d&%gfhg ot tlo%ﬁt%s?tolh%ﬁicgfg%rgg%sgrgﬁggtagg}eesuI ts
are of a gnmdiaqhbdseisganonlt@emhﬂhenemmlelqochvfdednam:\&o laygh:t be of poor quality
i f measurements_of sec%éf (16) ng];aéz the aI |t is not suffij.cient.

In this case® aOBelAYSI Sdldlts ?1&?69%‘%5 Nllaﬁ Pfﬁ'i‘f in-permppent [QoaHans s
Certain embodi t§ctq.g'1dtnh R %%ﬁ&lhohmﬁafab&ﬂdag%ctﬁg%ta&lhaaemqiaf bCIHRNGS es
and sol ve the above i ent I ed problemby providing nethods that take into
consi deration tH@RMam,d errents of all the nobile stations (the M5 and the
rvss) al ong the s ute asur erre one, by. al | nobi | es
al ong each sﬁfecﬂ“‘%1 err F%O ViR Gﬁeggf?é‘d’nand ﬁﬁﬂa’ihﬁ’ ‘&?albeeg?@ﬁllﬁfng( QR
may be pr ovi dedygeagkod OnS( 5HRIFONRGARORRS iRisiditht e3jec Si ons ar e

based upon this QGR result According to certain enbodi ments of
the present i nvineidento aviesnome the prablém ofl backhaulngdchangestiuetio theempbilityeok abl es

bui I t, .and conta ts f h ft t
The mot hott"EC ST i AL ROeaRy PL Bachra daRE, b hin bR

servi ce quahhdgément solutiod ot @aRVBRHEGCHIARE P topldgics Budwhe hév bpproadhethaed to
the MSs as wel Each M5 receives the QGRs that are related. to its

al t er nat | veombineseeentrakized prd disraratethradio, managemend igto pre Bondemand Radia ch
the M t
ivol veronREORRECMaNEARAE (RA SufipnTh hebfu TP: ol HIE PR the

neasur enenigword BRM is divided oo érmteanrp on r BS vvi t hout backhaul ing. The
QCR tabl e prevents this occurr for a specif.i

(al t hough t he Meerftadized RRM We(%@hﬁhélt B énséﬂ?ot&? MM?e(OR/é @Wéﬁwm canp.
on ot her rBS (t%on@%n{inferl or neasurenent quality, but still nmay have
backhaul i ng) . rtain enbodi ments of the present invention aimto
provi de part isal Disbfitieed hatinioyk (60)afirelaiy|Radive Resvukce bahagren—gRMI §$8)0{59),
specific subscribers, while one section of the route is in inferior

condi tion (or r'r(af‘)Q &?éﬁreﬂecaﬂ‘?ds‘é‘(?ﬁ%fﬁl@’d) The method provided i n accordance
W th certain gy ?{m&g ¢S &R kenty @vtﬁatwarma@@s Eé%wbéi?ﬂ{e'ét%d‘éﬂi ch
users can be connunlcate ers an to provide handover services in
t hi s port i cemtraf RRMeactbfityweankd the)dletlmlbatmdeRmmoﬂqacuyuy Hom ceseawhdre alliend+i g.
2, although secti.on d.(1 i s disconnected or has.v 0 q ity

RNB( 12 S TRABCT SRR B SPOBEA: e, Y s Sl Beer WA, dhe

deci si ons BadyeRl LfRded e daibgad rh?v[sﬂ%ﬂ@ networks M&ERERERD id Aof€lih al N
enbodi nents of the present invention, if there is a backhauling section

Wi th poor crndtalized mamer bRVhdiB RRdVIghatds mgtegizeﬂwh%(@)h@ oo backhavling of

this secti is c use sul.t transmni s .S £O BS or
nei ghbor r@%‘ S ¥R Ségéemilﬂémf’ﬁ{iﬁe{l% hal Br? ?Bhgecaél Hi% ﬁ\fe%égq%e;erate
its rBS i Nrapisé &FGAe rmlay rlafledbaseh statiendVYBSs), thé hﬁmmmhe rifito( &peratp@r andn of

the frame nay be enpty and thus enable its rMs to receive the DL

transm ssion of the renote base station (rBS or sBS). Fig. 9 depicts this
case. Accordi ng to anot her enbodi nent of the invention, the
connectivity tables and routing tables are transferred in a standard manner
between all the rRVs in a way that the same updated Section Measurenent
Tabl e exists in each rRM (Fig. 3). The sane



13 functionality exists in each rRMso each automatically receives the sane
routing result, and the one that serves the M5 may performit.

Accor di ngvoaorarmoedéser enbodi ment of the invention, updat@CEFaRzUL/eveYt
information may be transferred between the rRVWs through the rRVMs standard
protocol, nmeaning R4 protocol in WMAX and_ S1 /X2 protocol in LTE. In cases
where one of the rRVMs is disconnected frontthe network, there is a nmethod
to update this rRMin a specific update nessage. Al t hough the
description of the invention given here is directed to the EUTRAN LTE
system t hprovide drackioaulimgycomnediviy bymitibigiad mnltiiopaxowes detweenibe knelilkt ens
as wel | . There is thus provided, in accordance with certain

embodi ment’€18F the present invention, a method for inplenmenting tactical

E- UTRAN net wor k ApadrlilngQb dehameeribddi@elits] A ieclisdd 14Chrovided @ n@ihagd thenfadid al ong
with the end-user nobile stations. The noving infrastructure includes a

pl ural ity Tesousestsi ¢fethis pefiork bryyombipiag e herkhanlinggmsanseament1gsyltsrand Bs) |
Dol ol | | v e .
nagerent AR MEAREGHALE e REOGIE SAIRbGOR By ICBhRE. |

mul ti-hop kad&Vaekll igseleoti@nivad centroiizicdrtiyd odthe i n- band mnul ti-hop
backhaul i ng network enables to create new rqutes that becone, al terna%;ve to

the routes that NEMETWOTEsBADIHE EelaygNaRARLE TTIVS JiaRSOMIMHIEate PEINEER aghy ¢

route incl (ﬁﬂ&sanﬁ &Eﬁ&p@ﬁ i«lft?éngtivesﬁﬁ g@%ase%%k%uhﬁg WesHleRH udA & netMBIK €

station and the nobile relay whic I's connected to, and. backhauling
secti ons, iskiepictedrie Fihe. Matids skione €4) che berotiriceted alimyidy tohthe comkmeetyworkt as
nodes in the route. Al so .provided,, i n accord with certain

enbodi rrent‘é‘a(?fgi“ﬁjg“ﬁ?%@r?@s‘? ﬁ@@ﬁ‘ﬂ m@? of §hr8uﬁ_é?v58[ai¥a@§§f’553‘fer?ﬁ_eﬁegys Mfager s
(rRVB)  andmgiichip forte. TaBREGAy fRBlnstR3a st&ER] Pe GRfbh YBSYRM a8 iaBeksapiecach
and di stributed managi ng approach into one nmanagi ng solution. This is by

det ect i ng atldess@uadbilestasfondgvly) anits baskhaudisgsidsn and the quality of each

backhaul i ng section acgor.di ng. te ..t n ( RSRI ,
RSRQ and conbi ﬁglgalPheg%(ﬁdH{’%&%]ﬁgme{]@eg)?%ggt ?‘é‘é‘gﬁ%s%%%eaﬁg? 5(iiﬁer ac cueal
route and phifemehi YL stélhafioliife AdpNneMdriisar depihied én Figt2. oThe Ms)ribufdie

results are broadcast to the end-user MsSs as_well and decisions for ..
handover am@nagementgoluben on based ewispeciddslordlc RRYL mnagegoiB My AW %&dpor

each 1 out eyl BHFRELIRIES el cofthedi b AREEP SRS ATENAM RIS QUL PRSor 14

Further in accordance wth certain e dinments of the present I nvention,
t he QGR i sR¢ VéALAN) pyotacolsiagh tedrespapsibld fomthe Handovet, idell stlectiorgresélaction

accordance with certain enbodi nents of the present inventj.an,.the
central i ze@%ﬁ‘f 8‘2‘}“4150 c%‘u‘ﬁwﬁ‘l?ﬁwé’ Z‘H it hW]i’eﬁ% t Wt#éi\éﬁﬁgm’é)m{ameo[?gh t he
cent ral i zegho thith Wratle %ﬂ?%g;duers&?érEMtiﬁﬁ%- drforioifccddbs thd Bati@gulidg VI

net wor k each relay manager gets neasurenent reports information from

the ot her mwawbikeiEaelnrRMetypjcatinnagpersti(cs®) per{osd) atdeasi onhand prefgrablyridgel ' s
e b R, I 2 200 S sl e
radi o resour Ge NRHP YRR NbStetrARh6d to make decisions with regard to handover and cell
selection
e Frequency band carriers selection
e In-cell connectivity method
A simplified diagram of the relay structure, according to certain embodiments,
is depicted in Fig. 7. In this solution the relay internal base station (the rBS) and its
internal mobile station (rMS) are standard. Their PHY and MAC layers are according to
the E-UTRAN (or WiMAX) without changes.
According to certain embodiments of the invention, a functionality is provided
in the rRM that receives from the rtMS a report such as a conventional Network

Measurement Report (NMR) via the tMS’s Ethernet port. The NMR is usually sent just



Additionally in accordance with certain enbodi mrents of the present

i nvention, the neasurenent information is spread by broadcast nessage type
to all rRVB 20and9IREAM Further in accordance w th cecraLmwienioegh ment s
of the present invention, the nethod spreads the QGR of all the alternative
routes to the M5 over broadcast nessage. The MS broadcast nessage rel ates
to each base station and is sent to the M5 that canp on this base station
Al so provided, in accordance with certain enbodi nents of the present
invention, is a nethod for deciding on handover and network entry in

LTE/ W MAX tbahé renadte hasesiatkort matvhich the 348l isocanhel oo i Iths rselutips,. the mMShiss

network, route et wee nd-user, MSs up to the stati se, station.my be
est abl i shé’d’nfrﬂﬁ?fﬁ%ﬂleﬁ and proyides ﬁ%‘i?ﬁ‘i“ﬁﬁ‘ewgé’%?rﬁlag%@Pgﬂatoﬁg%gqmofﬁg St hods
conpri se nNRARLY ®TBNoealRR., (74), (75) of the radio sections of each
alternative route that are established by the nobile relays. The nethod

conprises all tHessBSisacmnestehte theoRMeizan Ethernai podabiidasriesyba stapdardover
oS dressi . Addit] . . .
ot cer s A RN AR AN BRI i FalbRliflE farn el hotaece

est abl i shijg@ytifRasRERVEAHRDMS, ird dueetor b dyctrthst the FElaR e rdbile,RbIE is no

di stributed network. The nethod exists in each rRMand is res %ﬁi QJ e for
bui | di ng tgsraaee thay the(begkhauling \bapdwidihds swiciesh orgbatheredstd glngs) jn

each 1RV %%%némﬁgjt Qng.n@gug? Qgstﬁgﬁgé Snmunity sofattbh EBasPl exitgeﬁ&m&eu@foql@ésdanc e

with certain embo resent ifnvention, 1s a functionality for
di stri but ithg dalvfbesetblishiedreaseenehe riobilahrelays. | Geritais eabbéunents efzbé prasBntand

distributes link quality asuremantﬁ to the reFDte. base 15 station in

which it i8VeioRaEQEde methodgiamppaggdhg dysiy eyoh BUHWE P8 Thus the rMs

can be aware of t@%atnﬁ]éﬂdsf‘:dxﬂﬁe}%?ﬁ kRaWbIRY irf YaidH YheaBabel Raddrdt A handpiver
e

operati on. urther provided, in accordance with certain :
enmbodi nentssatwhs tane fipedstatonlynnetwdrkrelement ghateis| mpkideisethei MY thahperfamsl ity

ot ThiESymas (rse ST KSRL R 6 it S o to8 i Bl B he o

relay basengisatenfits, | Hahid6Wee | SidORetRRYk keitipagadsiog aninadenIn tsactoWwendard
measurenents, but on the backhauling rMSs neasurenents as well . Still

further i rnetwerksdease Mhimeasswemenisere fpddienbsinsedpse Hationscge steadnorhtheon, a
handover fungti enali i in each rRM In this distributed network,
Bl SRS

t he | ocal l? ons over operation of its collocated rMs.
I n tabl es 40, A4th,thd Ae@vik 4&natibendgiiBned Gbwle] inywhich basdeatibits dndseBygas ity

val ues: G good, Mnmedium X - bad. These val ues are. conbi i on.of the SNR
and the stBPYSE éals REEGSFAY  toTRANSEIGR the MRRSURTRATILM Sﬂf&b PE@&M%S I &XHdd for

modul at | O ERNThE) oAt IHRNrHEEOF Sl Bllrhfle! e 6P & MERAM tra! €3 contains 3

sections/hops: section g (15), k (16) and d (17). The problem is that in cases where the
tRM handover decision is based on the measurements of MS5 only, it may not take into
consideration the measurements of rMS2 and rMS3; although section g (15)
measurements results are of a good quality, the whole route performance might be of
poor quality if measurements of section k(16) show that the quality is not sufficient. In
this case, a decision to handover MSS5 to this route may be erroneous.

Certain embodiments of the present invention overcome these deficiencies and
solve the above identified problem by providing methods that take into consideration
the measurements of all the mobile stations (the MS and the rMSs) along the specific
route. All measurements done by all of the mobiles along each specific route may be
combined and a quality grade result (QGR) may be provided to each route. Handover
and network entry decisions are based upon this QGR result.



The wei ght of the STD, Means and Median on the QGC will be set up in field
experi nments. According to certain enbodi nents, users are shown a good
or best |woabiinder QGR The statistical measurenents eCTuahmiveohwcat ed MS
in each relay may be attached to the location results of the relay. The rRM
may have a functionality that conmputes and_indicates to the user |ocations
with good or best QGC. This allows the usd? to locate the rel ay in the best
backhaul ing place, e.g. in tactical applications. According to
certain enbodinents, in the event that a 3 (say) hop communication route is
bei ng used, the Aedoadin®Rtd bartain embodimeatsaxf tho ptesentdoventinet thenekis pravidedat her
relay A, sends .a ssage to t backhauling rel.a hat it - Rz- ig A's
anchor . Th’é‘eg’g Kﬂg’ﬁ'll%hg“err&"ﬁ)}ah'ﬁﬁ%?fe rﬁ?@ ‘Qﬁg’%ﬁle% Iﬁ?ﬁ)‘f’ﬁé‘?eqsefoéfa‘fs}b
connect ed {Liibhh of B fo¥R FAL bkt dddanAthReablePdACRr QadieiFikd o severdl Sfdes

provi ded, in accordance wth certain enbodi nents of the present invention,
is a nobilef sovreaqualify.i on net work system conprising a core network

i ncl udi ng a core.dexjce and, at, | east one. static S tion: a u ity
of base stati ong[,heaﬁ\é}&&ao%(?ﬁﬁ F%??’S%VCOW“E?D‘S%H@S%FSE?%‘@?S%@ agr‘\‘fe(l:lap ?%lbﬂ@ll a

ant ennae Wetkivedthe PGRs HathicqBRitedithGtshiemati@tdudss Thizgh Udpsrtandin theaate one
novi ng base station which comruni cates via antennae with the nobile

stations apfdidienmiodeds whish thetMSin chapse the Masq stgtiorpon whigh tojemp, Ayithopanager
and nobi l e j i.ongal i I - a ht.h e e.stati

functi onal ?%,3}1{ ﬁgvﬁggg&lgt Q@i %é\é/fsﬁgﬁlg?{agr?g%et yﬁﬁgwhtr?g l\?pﬁ?gléc% i 'd%h
back- connegithsuferhénts by it bty chaskeao camp @arrBStviehduk badkhaadigo Tha Qg tableavi ng

a physical connection with th ile station functi lity, t nohi | e
station f uhfétf?f&ﬁélrl? WCMi tﬁ%ﬁo‘ﬁ% :vPatIOéﬁt%ﬁﬂglé r%st ‘#%?‘E‘P“ the%tl\qgn%‘aﬂty
sel ect abl e 3t QlbdfeR@SR sS4 @R MINGHE Ride® dabdSbn bRt IB! @as GXERGE Ses a

radi o resource nanager; and functionality for receiving information from
and sendi ngeasukgnemsigualitys yt sol ety haxelbackiranlin®r s, respectively co-1ocated
wi th ot her novi ase stations, for using the inforpation. to determ ne
whet her to rej eg(?erg’t“_’leéﬁg({adtl% : Sn%ﬁlqﬁ% %rfﬁetn?olﬁggr_été% APt o DePR¥HS B lf}fan

i ndi vi dual chime&ivityain #indbiRORERI béivdentdibupsell MicdifRl subscrieatwild ast o
manager, the information including at |east sone of jnformation req%gﬂr di ng
qual i ti es gsction € thelraute is iminferias copdisipn €01 may evembe disennneegdk The mailodor e
network, inforpmt.ion r di E . flr j 0: er: Vi ng
base statidn lsdégolﬁlngcgf)ﬁ%ﬁ&bgg@l %ﬁ%%@’gg‘é&%g \Rgrtﬁ% nge% t|1r?'f or ma FI(I)I?]S HP
regar di ng wleadfyekhighlabdré tasbardvntuiibgted withtotharsland toepragide handomver basiees

station, and base _stations other than the first _radio rfana%er'f ?frl/n tijase
station, afghisqopien pi/Be petyrnrk ta enhaper sr@ec BiYbeT PRmRleIn 5% £-7ARe
vicinity of..: icf Bt ;o adi r iR RIS WiRINE tain
enbodi nment ;secglpﬁtiéf rlessﬁ%&}n%g(ﬁ?)?ol}ﬁs Y%rg%&r??ﬁuﬁagﬁ’on re(ggr%iﬁ%g qu?:a(lqig{i es
of respect mamtaiocoawctivitg tootheir ddPeartd hapldgveralecsmats ddtweadirBShandgs cmack to
the core ngtmork is provided by respectively co-located radi o managers via
a sel ect ed®®M@96f a static base station fromanong the at |east one static

base station of A&HRr&iAf SoNER emRAAnERY (A Hrasdt Shadrtion, GRPRkeE gs of
provi ding service to the individual radio nmanager's co-located nobile

devi ce.  bacBhaulingf sactipe withnpegrcpralitsh dbe wRMh it able dp ranelyige avhegher $he fpophe
present invention,.the informtion re | i of . L o] [ ck to
the core n%‘t‘i{ﬁw I??itglspsre8\1/(fndlesdc%l>sle| f"ssaor\fc\nglﬁf:lgiclt%g% esaltorﬁm(gi e&)sg{%g {éonr% Qla

Addi ti onal heighbbraBSOItaidh @ cakd, theC®NI dhrtl/@ntho deighbdrsTROM) ¢dneoperaes #BS in

i nvention, the information re channel quali%%((tv\hi ch other base stations are

abl e to prélange masksi mewhichithe MAPHIn the dovaliiki (Plorparfien pf the frging may be
x g . ) . .
co-locate eﬂxﬁ'ﬁ}eagl\(}%%)fl)l_e' it M@%‘ r‘éﬁéiv%erﬁ@%ﬁ%nﬂﬁ@ﬁ Bﬁ{hﬁqexhxtte tlage §Rbkdd ©

t
stations in urther 1n accordance wth certali
enbodi ment &BSfortsBS).[Higskddpidtsnthénddsen, the information re quality of service

available fromits o base station. for ile . ..
According to anotﬁer emborghment oﬁge {nvennon, the connectivity tables and
routing tables are transferred in a standard manner between all the rRMs in a way that

the same updated Section Measurement Table exists in each rRM (Fig. 3). The same



17 stations in the vicinity of the individual co-located radi o nanager is
provided by its own co-located nobile station. Still further in

accor danceowntinIe@st ai n enbodi nents of the present i nvemrCiranoiee®hod he
co-located radi o manager is operative to conpute, for at |east one

i ndi vi dual nobile station, route conparisaﬁ information including a
plurality of routes of base stations via ich the individual nobile
station can conmunicate with the core network and at | east one paraneter
characterizing the relative quality of each of the routes and to

comuni cat fantitorakity éxists wi cachl TRV 5o kachsauternatically freneines itemsanmediopting wsulif t he
route conpar, son i pformtipn d wherei n.the individual nobile station is
operative ?5“:%P@%ﬁm§“%§§éR%P§§F%¥pf%b%%ntonnected to at |east partly based

on the infornmatigotditd Gat hkfhél efnbedinRut ©fCORPAVessh, | ijdateTRlidadirement
Additionally in accordance with certain enbodi ments of the present

i nvent i on, infirmaian aryther transfaseed chgtwsarthe rivMsi thioweks tire sRdYLs standard prafeeali ons
whi ch together. ¢ 0 -I QUL i i !

Further in"8ce ggﬁgégﬁﬁfﬁqggj{ajﬁﬁgﬁbo ?ﬁ@ﬁ?@q%?ﬁ?hgg%¥§§§%§uﬁﬁégkﬁﬁén,

t he par aneiRavis Ghdisaciticdi fagnr thetretvorh| theye isaanethobitmapdate this iRddsaraed
qualities of route sections and fluctuations thereof such that route
sections wipeRiflcpdaleynaspagst uati ng qual ity measurements are deval ued due to

their unpredict 'tﬂdu%}f -the desciptioh. bt/ e ffvehtbrR 6RRHIRRE §s Widebicd B0t Bk NE-
enbodi nents of the pfesent 1 nvention, at |east one iIndividual co-Iocated

radi o manag@RAN dL T egstamnthbiiheention melyi dl b ereployed mWiMeeXion 3G magwpikt at i on
functionality operatjive to provide direct comruni cation, not requiring the
core net woPRCIHES a plurality of nobile devices in the individual radio

manager' s Vi Ci Nihgte is thus AN iHEDNA abdorishcBGHEH BafhR eMibbhintRitd af the péredi nent s
of the present invention, the noving base station observes a silence period
during whi invention; @f r metheodffoo impleareniing tthetipal &-VTRANwhetwok cRaitseef MHBSq e

SO R LA L, 68 Lo TR T Ol e

dynani cal | jotpkenfrasiedubyinchdesn ylurgith as ensbilatrélays GnRS), bathadceomnmadating

manager. 2} %ase station (rBS), typically a small base station, mobile station (rMS) and local radio
management unit (rfRM). The backhauling of these mobile relays is in-band multi-hop
backhauling to enhance immunity. The in-band multi-hop backhauling network enables
to create new routes that become alternative to the routes that were dropped due to
terrain or other interferences. Each route includes a plurality of sections: Section
between end-user mobile station and the mobile relay which it is connected to, and
backhauling sections, which are the links between the mobile relays that take part as
nodes in the route.

Also provided, in accordance with certain embodiments of the present invention,
is a network of local relay managers (rRMs) and a central manager (RRM) that
combine central managing approach and distributed managing approach into one
managing solution. This is by detecting the quality of each end-user section and the
quality of each backhauling section according to the MSs and rMSs measurements
(RSRP, RSRI, RSRQ) and combines them into quality grade results (QGR) for the
actual route and alternative routes of each end-user mobile station (MS). The results are
broadcast to the end-user MSs as well and decisions for handover and cell admission

and cell reselection are done by having for each route the quality result of the access

and backhauling sections.



Further in accordance with certain enbodi nents of the present invention,
the characteristic conprises a zone in which silence is observed which is
defi ned owenoatosk@ast one of a frequency band and a ti mBCHRINZOWN00096 Stil |
further in accordance with certain enbodi nents of the present invention,

t he E- UTRAN network conprises a tactical I% UTRAN net wor k. Addi tionally
in accordance with certain enbodi nents of lfhe present invention, if a

mul ti-hop comunication route is used, in which arelay Rthat is connected
to the core network via another relay A relay R sends a nessage to a
backhaul i ng r el Byrthenan aRcordanteswidlnchoain embddimeite rofithe poasontdiamerfion; the
certain enB j ment dé%rthe. {egéfg%tﬁtﬁlgventi on, the static base station is

co- | ocat ed <t 1t T eV "still further in accordance with
certain enbodi nefill Fudertih Qicr@SRRL with \¢8Rkih GinbdditBetd Y itk prefét knGaitiaact i on
conpri ses an Et hernet back-connecti on. Still further 1n accordance with

certain enedienenlized RRVhG2) e semmunisatasdh with the lRMsarfitorke ) treugh gy er
conmpri ses gly ]%%F%ﬁ)ﬁ‘g'd %%n%%gru-rlﬁgNg@ﬂ?gg f)'pIn the’%%i%btq{eﬁ \ﬁ{ﬂf Qetv\'ioQk eac

accordance W certaine nent's resent 1 nvention, is a nobile
conmmuni cat ety nAhagRt KOgdre aturemient rgony iPfopvibtibm rom der ethae pawicipant
including a core device and at | east one static base station; a plurality

of base stElayomanagsrdS8). sePvar thsely memgres sehmstBiosk (AR IREen a
ant ennae wpkRpt ﬁgﬂéévﬁggﬁéjcmg&%exﬁélﬁs RRRLitS LRI At raaﬂmﬁg 't(ﬁg Al dnfast, one

novi ng base station onmuni cates vi a ant ennae nobi | e
st ati ons aM$si(hD)l (fbe S5 Daeduilt @ne catdid wsotuico madasurgments iablst radi o manager and

nmobi | e station fynctiaqpalit | co-|ocated with the e stati.on ..
functionality, pridiignd ’é‘t%ﬁéf’ﬁﬁﬂ%ﬁ’é R ?‘{}*"Hﬁ%ﬂ‘é 02%'3%%5%%”““0“’
back- CO””eﬁkiﬂéhsﬁ&nkﬁﬁhﬁférhﬁaftiﬁﬁ@Eﬁe&@ﬁﬁ%%adcééﬁ enedsédgs trypeddi Qo RENRIM alipvi NQ

a physical connection with the nobile station functionality, the nobile
station fuRBM.onality conmunicating via antennae with at |east one

sel ectabl e statj.c ,base stati on, erei.n the first radio ager. .c ri ses a
radi o resource et ;acﬁ%garfcﬁn‘g‘mlc?ﬁg?lflteym ogiimens é)lf\a/%ﬁel:’l rﬁsnélorgyr% t}oglh S om

and sendi ngeihdfi@preadd B8 GGR obhll e dlRhLiveRAREELIoThe MESPEL broselyst eessageat ed
wi th other noving base stations; and using the information to_ determ ne
whet her t oTheMcroadcaptanessagnyelatesp leachs baseistaiion @B isggnt t9 the My thalrasip an

i ndi vi dual xpﬂﬁsel?aié%ti n associated with the individual co-located radio
manager , fie I hfor mat T on i ncl udi ng at | east sone of information regarding
qual ities of otA&o prasded, WactoidahoO ReGeEdinl enifodimERO6Phe pesentahyammen,

respective, connectjans back to the core network, infor (Wela ardi n
qual ity of lstihé“‘?tmé oty Qféﬁ“g!“%é’r?aé%‘}d"é’ e‘hﬂ{}‘? rPGf“’lS‘&Eeenﬁyaﬂ gﬁ.&éwgé?qtﬁﬁpback
to the corg{(ighMihKis BRE bATAERLLAL rE18RATH R neRRRRSoulY Fetbdefenthisen the

first radio nmanager's own base station,” and base stations other than the

first radi MSsepagehe statobash attios natyi berestablishedgbyough itheatelaydisickhauding MY de,
to nobile 1Snt getviegarl]ﬁxoipg. S n\lleitl(l:(i)dgi é(Xn;?rflset rrxllgasfuirern?éntsr ?’ﬁ),o (%’n %r of the radio
sections of each alternative route that are established by the mobile relays. The method
comprises all these measurements to one entity and decides about Handover and MS
admission operations.
Additionally provided, in accordance with certain embodiments of the present
invention, is a method for establishing the same database to the relay radio managers
(rfRMs) distributed network. The method exists in each rRM and is responsible for
building tables (40), (41), (42) and the section measurement table (43) in each rRM and
updating this database.
Further provided, in accordance with certain embodiments of the present
invention, is a functionality for distributing rMS section measurements which is

installed in each rMS and distributes link quality measurements to the remote base



Still further in accordance with certain enbodi nents of the present

i nvention, users are shown a good |ocation for QGR Additionally in
accor danceowntinIe@st ai n enbodi nents of the present i nveRCIran201sb@oeest i cal
measurenents of a co-located M5 in each at |east one relay are attached to
| ocation results of the relay and wherein é}he system i ncl udes at | east one
rRM having a functionality that conputes &hd indicates to the user

| ocations with good QGC. Further in accordance with certain enbodi nents
of the present invention, the backhauling relay becones aware that another
relay i s ctatioadhevxhithoitiis camkcfedrtosasawejbes tpitace-lacatedgRM.nlThus thayMiScea| vy,

each rRM speaks tp.its co-located base stati.o cordi ng to conventi onal
pr ot ocol s .%‘.’ar%lgtolﬁ?s?’“ftﬁ’eg @Cﬁh"lﬁiRg §P%HH&P‘§“BB#E§&?@8Y?I§%CP 8r. However,
when a rRM speafs fupthbd provited Gt bEchramik Wit taridif erioliiphentd BETtEe ipfesent

typically no conventional protocol in the sense that conventionally, only
base st at iloventiopeak a eclleregelactionsfuaciipnatibldcatedtinteachh Mivaad aduch 51992/68:i onal

RRMVs K |, tati Al thi ' ai
ermbod nontaePBrieelie B SERbeHoR O et oty pRS e i BEFE I Al Ee ™!

stations eyghts BY cARPSnOné&w ey Bade dtarich) its MBcisionemey bt dassd MYRnieas dtsemrent .
Al so provided is a conputer program product, conprising a_conputer usable
medi um or QgheRFeREY AN en thedagwubiag Vs megshrementy at Welli bl e, having a
conput er reada ﬁgﬁ? [W=To R IBmedtDEf AR af idve l,e
program code a atg%e %%&gg%gﬁ{g’g tcoH?%p elﬁ}g%{lea%y or rga}ﬁe o}r{t e r’rgt hods
shown and lcadever fadctiomnkiynis Ibtated impacherR Mt dul thikatistabyted metddrk othet loeal

conput ati onal .steps sho and descri bed herein conput er - i npl ement ed.
The oper atrﬁ%sﬂeﬁp%@&ggh@@j%w%@f& é@ﬁf’h@%awgn may be performed by
a conput er SDE%%bbés%n%ﬁruﬁta]@ﬁ Prnd FoRES Gl P e RRSREuR! hddy3 Juaker al

pur pose conputer speciafly configured for the desi red pur oseNl%%/ a conputer
program staleed: Grgomdchhmetiem, Xeabdab| Thest valngrearmedinhimatiorpof the SNR anghthe

sui t abl e processor, . di splay, d. i pput . neans used .t [ Qcess... di spl ay
e.g. on a %ﬁﬁﬁaﬁe?letﬂ??'eghe o$ﬁgtﬁe&‘€c[8fﬁﬁwg’r Sﬁ%/ ;}Eﬁﬁ lée{lﬁegg(,? f§ cr)Irl%d,slﬁ%ttlr‘l)%
accept i nfonmsRllath &U6RimSoith SGPRIE-OTRUIebRY. or generated by any of the
met hods and apparatus shown and described herein; the above processor,

di spl ay and i nplhe weight of fhelSIdP.MYcasrandiMediap 0grther QGG will beseum aefighd h
some or alel Itimten enbodi nents of the present invention. Any or all

functi onal TPreS 0f the invention shown and described herein may be
performed by a geivréingiteoadtainerbodiments) pers @re shonaes gosd ombesk dcatiom foror

ot her progranmabl e devi ce or computer or el ecCLrE/fni C cg ut i ng devi ce,

ei ther gerRPR Ipasipsstcalmeageementz af thy codreated, Mt cagh aday giay hegtadisdng: a
conputer ¢ @6}(!@9{1 L RhveSPRAKESnAAIQS thill &RhFuLsMhd
machi ne-rcejeggg‘lbﬁ)\eéa%{n%?@tsuc aesgg{)pt%ca dig!éks‘,, CDRC]VBIfalﬁyagneti c@(gpsti cal

di scs or ahbieatesicsths ;usétAhsatioROMEth gePRONbest EFFRCIIS altays diei usento logat¢ tel  or
ot her cards, f.or, storin nd keyboar.d or. nouse for accepting. The term
"prpcess".rﬁLayd’éétE? bﬂ)ﬁé%}“%“%gﬂﬁtp e?jg.tlﬂt?cﬁ‘t‘f%@ﬁ&m?nfype of conputation or
mani pul ati on or At&RMaEOkdBEdrah EmbRiReRtePrias e esleas RAYH CRI (saP- thop

el ectroni c, phenonmena which may occur or reside e.g. within registers and
/ or nenor i @snpfinigatinermouteds being used, thetrelay Fothet Weopneestedfayheerpiiaivosk Biayi a
any conventianal .wred or wreless . .digi CaL i -0n Hreans, - via a
wired or B 5‘?‘131){ él’ 8%‘@8 A" er?%%‘(”ve\xs)[? ﬁﬁo%cgﬁ%ué%gl%g Bntgi{n{/\lgr lg“seﬁlg %‘ ggn Se

I nternet. The backhdilehgdRPar tHet beddmed awpreethanhndtheterldyoid dvayedtett tauiteand
according to certain enbodi nents of the invention, machine readabl e nenory
cont ai ni ngtypically fadsg destplancitpagemaipr ogr am of i nstructi ons whi ch, when
executed by the ' I PBak&ltYsvenBh hodS,
features and fuﬁ%t%?g%‘g?ﬂ’ ilggécgfa%%iwftﬁ\ggﬁét%gﬁwg I‘}ugﬁ\/\%&gﬁfcfﬁ dgsg%{ bedenher’ei n.
Al t er nat i vel ys armobil@acdinhunioatidohsetprkasyateus cafiphisieg pcesartwortvedudiog anay
include, according.to certain enbodinents of the invention, a.progrgm as
above whi ch FAIF BRYiG 14 drieash 0B §ialE s AR arnhbfgll’é(rﬁﬁ‘??ée |S?HB’E§%€, %nd
optional |y a JaBGIRlHE of HolfE AEtionl GoilfnRiaffls 398 SHERNARSwiM thd'Bise! dtioned to 2
general pur pé)s conput er which may optionalTy be configured or activated in
accor dance withdbashstationcincligmgott l¢akteonsrmageng baspstationovhich\pgmutinichles via

cachings | DCgLRRLaoR BB ReL SHIP B PREnT ShR o

referred to above, and other enbodi ments, are described in detail in the
next section.




21 Any trademark occurring in the text or drawings is the property of
its owner and occurs herein nerely to explain or illustrate one exanpl e of
how an erwodnneedsf the invention nay be inplenented. PCTAL20U0D@®8%

specifically stated otherw se, as apparent fromthe foll ow ng di scussions,

it is appreciated that throughout the spe(iléfi cation discussions, utilizing

terms such as, "processing", "conputing", ““estimating", "selecting",
"ranki ng", "grading", "calculating", "determ ning", "generating",
"reassessing", "classifying", "generating", "producing", "stereo-nmatching",

"regi st eri ngtadid demnegdriand mobilkssatininafunetipnalitysalh ee-lonatesli wigh the' baseastatiang” or
the like, refer to.the action and/or.prpcesses of, a.c ter or.c uting
system or prGieEguaity e ?Srﬁﬁtﬁi'on%’%%t{d%‘ﬁﬁy ac\,’g}%patﬁlfyﬁbcagg% c@nneqliop W
nmani pul at e amgétGhdib Ay, Thél kA rhd@peaRBECkhvase Bph§iiedl confetidnasith the
el ectronic, quantities wthin the conputing systenm s registers, and/or
nenories, i nmebietatiapafuncpralitar the mebile s@Hor funclionaly| eUPMYNSAING Vids
within the c uting.syst ) ri St eLS; ch | mat i on
Storage, |t r aAdna iR R JrE IRl B (EREREICTANR, Sholfh BH° frklalielD
broadl y conshianagert comfipiises @amidiel Fdonice ehandgennamd dendtivdalidyt fordsiceiving
processi ng capabilities, including, by way of ﬂ%n-l i.mting exanple,
personal conptiPEpaiionskppeaad seRHRg AnfREalAD; motheg AR ARG BeéP?‘Ef’é’gl_,y
Processors ( g,9ncatlqdiidl tﬁélgﬂ‘@vi:g B%QSthQtﬁor{s,D%a fofuSh@ B! fiffolRktion fice! d
progranmmabl e gate array ?FPGA , application specific rntegrated circuit
(ASI C), etc. determinetwieathez|te atjecinatdeast wpe mabgle dtationeweking to be Fheved bysamnt
i nvention may pe .described, nerely . fa | ari.t in ter of. t erm nol,ogy
specific to YlidE‘?e}lsbéFe JAoY AFRFA d|“é{hbt§89‘8§{"¥q&ﬁif?;ﬁ?%ge%§% SNEEHr Glser s,
system versi gigrmatitfi iktIdHRL R 1QE1EdnTe ofintorilaioh réRirdihg quhlidesRE oBRPbeS at ed
that this term nology is intended to convey general Rr i nci pl es of operation
clearly and Istaliefy yrespeptivia gomfectinrmbick toathg ¢ose metwork: axeieeption tegarding he
scope of the inventipn to. an articul ar praqgr 1:ng | : i ng
system br om@ggl,ltys%?s %nﬁr\/safasd?{%%}ang it Pv@g%@{%gﬁ’gt@ﬂg@%‘gﬁﬁa@g% e
DESCRI PTI ON  Cbre Ti#twbRAMhNGSformation Cegdrding chatntediqiahtiss ohichhhe pifiesteratiio
invention are illustrated in the follow ng draw ngs: Fi.g. 1 is a
sinplified pianagsra OWR haveatiatym, and base spgtigmx qsleetr\&gq&kﬂlﬁhéfst GES MABBEYS base
stations. ' ' ' i ' jal, di of i
mul ti-hop celTUl B;alfsg thﬁ%{)l/saﬁ%{ %?‘E{‘{ew %T’ (E:tt]ﬁllto? gdebg)sglbggé'?@ 5%28 lgrtgp%%iﬁ P
of the first radio manager.

Further in accordance with certain embodiments of the present invention, the
information regarding qualities of respective connections of respectively co-located
radio managers back to the core network is provided by respectively co-located
radio managers via a selected one of a static base station from among the at least
one static base station of the core network; and a moving base station capable of
providing service to the individual radio manager’s co-located mobile device.

Still further in accordance with cerfain embodiments of the present invention,
the information re quality of its own connection back to the core network is
provided by its own co-located mobile station.

Additionally in accordance with certain embodiments of the present invention,
the information re channel quality which other base stations are able to provide
mobile stations in the vicinity of the individual co-located radio manager is provided
by reports generated by the mobile stations in the vicinity.

Further in accordance with certain embodiments of the present invention, the

information re quality of service available from its own base station for mobile



Fig. 3is asinplified pictorial diagramof a rRMs conmuni cation networKk.
Fig. 4 is a tabular diagramof a data base and a nethod of building the
t abl es cowmetznuadeesand operative in accordance w th cerraraLmrbowdyent s of

t he present invention. Fig. 5is a sinplified diagram show ng how t he
Section Measurenment Table provides input to the handover algorithm in
accordance with certain enbodi nents of thé7present i nventi on. Fig. 6
is asinplified flowhart illustration of a cellular conmmunication

managenent functionality constructed and operative in accordance with
certain enbod;'tan’mns i thfe vﬁd‘nﬂitpbﬁﬂerihdiiviﬁnehd:d-hmated radio naingger s psovadedli bypits f i ed
sem -pictori al am illustration of a centralized and

di stri buted r?ﬁY’Pa nl?@ ﬂ’é} associ ated rRM network, all constructed
and operative i Qtl@%ﬂl’iéil%ca%c&‘dmec\%ftﬁ eRaipBAHITREAS o‘Pfthé B{%Sﬂ{teiﬁeélﬁlon

i nvention. Fig. 8is asinplified pictorial diagramof measurenent
aggr egat i on ieacledld rcodocated madie cvamhgar és Wipttative rto agompmnd; ofdir nasntegstobne he
present invent

k di
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W th certain rgieodf BR&Y Sa@bnst Vig WHiEE ¢h¢ individidli @Bbild)stahors Rarm coRWUMKaRAS €
station observes a silence period during which it refrains from

transnitting Wigh thescospeteior ardhrtddashopy Péfameﬁflcbhfac@ﬂgmgsth% ﬁﬂ@tﬁ@t qu@iltﬁ east

one charact e\rﬂ'ﬁ ﬁ é}* Ner s CAGE 19 %o mﬂgllrklga'fgho &’@quaf' &Ence
i's observed Sf i hed over “at least one o re uency and a
ti me wi ndow, mﬁ)ndmmlﬁzﬁtdtmedeﬁ glia nedte bgommsnio\dnﬂngmbﬁae aatiaWhareus the

co- | ocat ed radi.o, manager. Fig. 10 is_a sinplified block, diagram

i | lustration wv@ﬁa@mﬁ&am {5 levﬁépéﬁleﬁfe? Wkst%tmstprh?c%%e%tﬁ@ to a
t t t t .
oS 11 T & IBRETEARNIAY A B ShRRRAL ERACOLY e, PRARS Ronlent  on

accordance witforroatidrai n enbodi nents of the present i nventl on, for building

t abl es such as ic asurenment table; Connectj.vit | e: Routl ng. t abl e;
Secti ons NEasurgﬁ‘a 035, ReaGkATAaRCE Wt FEHA © ﬁl %‘8’6%@5 Re PURSET 1RYTLRP,

enbodi ment s Qe tPARAINESRMasddWSIH 4 Binimum SNR value, over sections which together

compose a route, each section having its own SNR value.

Further in accordance with certain embodiments of the present invention, the
parameter characterizing route quality is a combination of measured qualities of
route sections and fluctuations thereof such that route sections with largely
fluctuating quality measurements are devalued due to their unpredictability.

Still further in accordance with certain embodiments of the present invention, at
least one individual co-located radio manager includes a mobile-to-mobile direct
communication facilitation functionality operative t;) provide direct communication,
not requiring the core network, between a plurality of mobile devices in the
individual radio manager’s vicinity.

Additionally in accordance with certain embodiments of the present invention,
the moving base station observes a silence period during which it refrains from
transmitting to its own co-located mobile station.

Still further in accordance with certain embodiments of the present invention, at
least one characteristic of the silence period is dynamically determined by the

moving base station’s co-located radio manager.



Fig. 12 is a graph of SNR vs. time useful in understanding certain

enbodi nents of the present invention. Fig. 13 is a pictoria

i Il ustratworroofooadssexanpl e of a rescue operation in whi eaTaRZIIOM®ODDI | €
stations and noving base stations, serving nedical personnel, are advancing
over a terrain where they may never have bgen depl oyed, e.g. toward a

di saster area. Fig. 14 is a dlagran1 how ng use of tabled

i nformati on, according to certain enbodi nents of the present invention, to
cope with the advancenment shown in Fig. 13. 24 DETAILED DESCRI PTI ON OF
CERTAI N EMBODI MENTtSr in accorfmcef with @aitaig ¢nborbmesty diche presentumderidnhéhe i n

accordance w h any definition there earin .pri
literature of° Wcﬁﬁgﬁm CHP EAG eV %ﬁﬁgﬁﬁcﬁéﬁ%ﬁweél’ﬁ‘é i gi%ﬁ‘g?r/atsovef e
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| RAEvol ved UTRA E- UTRAN Evol ved UTRAN
Still further in accordance with certain embodiments of the present invention,

the E-UTRAN network comprises a tactical E-UTRAN network.

Additionally in accordance with certain embodiments of the present invention, if
a multi-hop communication route is used, in which a relay R that is connected to the
core network via another relay A, relay R sends a message to a backhauling relay
that R is A’s anchor.

Further in accordance with certain embodiments of the present invention, the
static base station is co-located with the core device.

Still further in accordance with certain embodiments of the present invention,
the physical back-connection comprises an Ethernet back-connection.

Still further in accordance with certain embodiments of the present invention,
the radio resource manager comprises an E-UTRAN radio resource manager.

Also provided, in accordance with certain embodiments of the present invention,
is a mobile communication networking method comprising Providing a core
network including a core device and at least one static base station; a plurality of
base stations; and a population of mobile stations communicating via antennae with
the base stations; the base stations including at least one moving base station which
communicates via antennae with the mobile stations and includes. base station
functionalify, a first radio manager and mobile station fuhctionality all co-located
with the base station functionality, the base station functionality having a physical
back-connection to the first radio manager, the first radio manager having a physical
connection with the mobile station functionality, the mobile station functionality
communicating via antennae with at least one selectable static base station, wherein
the first radio manager comprises a radio resource manager; and functionality for
receiving information from, and sending information to, other radio managers,
respectively co-located with other moving base stations; and 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, the

information including at least some of information regarding qualities of other base
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stations’ respective connections back to the core network, information regarding
quality of the first radio manager’s moving base station’s connection back to the
core network, and information regarding channel qualities which the first radio
manager’s own base station, and base stations other than the first radio manager’s
own base station, are respectively able to provide, to mobile stations in the vicinity
of the first radio manager.

Still further in accordance with certain embodiments of the present invention, users
are shown a good location for QGR.

Additionally in accordance with certain embodiments of the present invention,
statistical measurements of a co-located MS in each at least one relay are attached to
location results of the relay and wherein the system includes at least one rRM having a
functionality that computes and indicates to the user locations with good QGC.

Further in accordance with certain embodiments of the present invention, the
backhauling relay becomes aware that another relay is connected to it and finds a good
place to remain.

Typically, each TRM speaks to its co-located base station according to conventional
protocols e.g. as per the E-UTRAN standard communication layer. However, when a
rRM speaks to its co-located mobile station (rMS), there is typically no conventional
protocol in the sense that conventionally, only base stations speak to end units e.g.
mobile stations where?s conventional RRMs speak only to base stations. To overcome
this, according to certain embediments of the present invention, rRMs may
“masquerade” as base stations e.g. by séndmg a request to an rMS to execute an NMR

_ measurement.

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

program stored in a computer readable storage medium.
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handover and network entry deci sions are nmade according to radi o channel

quality between nobile stations (MS) and surroundi ng base stations. Radio
channel quality is determ ned by nmeasureméflts that are made by the 25

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
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 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, EPROMs,
EEPROMSs, magnetic or optical or other cards, for storing, and keyboard or mouse for
accepting. The term "process" as used above is intended to include any type of
computation or manipulation or transformation of data represented as physical, e.g.
electronic, phenomena which may occur or reside e.g. within registers and /or memories
of a computer.

The above devices may communicate via any conventional wired or wireless
digital communication means, e.g. via a wired or cellular telephone network or a
computer network such as the Internet.

The apparatus of the present invention may include, according to certain
embodiments of the invention, machine readable memory containing or otherwise
storing a program of instructions which, when executed by the machine, implements
some or all of the apparatus, methods, features and functionalities of the invention
shown and described herein. Alternatively or in addition, the apparatus of the present
invention may include, according to certain embodiments of the inventioh, a program as
above which may be written in any conventional programming language, and optionally
a machine for executing the program such as but not limited to a general purpose
computer which may optionally be configured or activated in accordance with the
teachings of the present invention. Any of the teachings incorporated herein may
whereever suitable operate on signals representative of physical objects or substances.

The embodiments referred to above, and other embodiments, are described in

detail in the next section.



M5. Due to the fact that the base stations are |ocated in permanent places,
t he backhauling is considered steady and there is no need to perform any
backhaul iwQ 20Bweeenent s for the handover process. Fi g. PCTAEzG1/H9e% t he
case of such a comercial network. LTE and W MAX standards have not found
reasons to make backhaul i ng neasurenents and to |ink between the network
backhaul i ng performances and the nobile station's neasurenent results.

In a network whose base stations are nobile (as in a tactical mlitary

cel lular conmuni cati on network), network performance can change

dramati cal | y beAaysaddnhak ectisring ilgthertexttoe drawiags isalukprapértngft fte ofvacnamnices

may be kept in the new |ocations. .Certain enbodinmepts of the present
et i on PR BEFT OSHRIa oH T e BISRRIC Bhiow e petpAeL oF i i s

mul ti-hop #QuliRM NdyPbd impddRéhibdckhaul ing. In this solution each relay has a
standard nobile station (rMs5) that carries the backhauling traffic. The rMs
does not howeveUnlesgsipesificgllhsteted lothyenwise dasoappdiespframn, the fellawipg diskusgionac| udes

only the LTE (or W de This r i s.connegt.ed . to basg station
(e of dhit paresipd phar JhicuRboptdhs seciiatiohRiihSiRe UERHAL B "3 afot her
rBS of anotjagdessigday . "chbpuliRg's agesstintadhgest aklidciigt, Nesenkipanect saameay e
according to E-U N (or W standards. Such a route contains several
sections. "ralulgtiag].t \detsrminarg), ('gencsatingct |'wasSesSIE a s clasdiyie"t neenertingt, t hi s
section an .qual i ty,_ of whol e raute 1Sean © w Of & Lty
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8. Fig. 2 'dapirithposing'iet viaiking"tér ther Bkqyeferltd) the(dRion 4nidjr. prloaeses of ay
functions as a base statjon (rBS) at its access si]de and as a _nobhjle
station (rdfE)PUsRr 9Tt COTPRIEIDE YPieRly OFj RIBCESIM Oty BRIIAR glertinip Fcogpuing devipe-ar e
control | edpin Wty /o NeardsRMn dhierepfls@iteliad PrRARGSIch 4o eleBforfi¥ Nt
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builds in each rRMa table as described herein with reference to Fig. 4.
programming language, operating system, browser, system version, or individual

product.



All rRivis work on the same tables and data base nenti oned above and the
handover deci sion and adm ssion nethods may be the sanme in all rRM.

Ther ef or ewal2b1wvir98get t he same RRM handover deci si on amRdToh®11/R096
responsi ble for doing this process is the one that the M5 canps on.

Each rRM bases its comunication with the _gco-located rMS on nessages that
are defined by the standard, and, in addi & on, specific nessages. In this
manner it can control the local rMs and can request to performlink
measur enent s. Each r RM comuni cates with the other rRvs through the
rRM speci fic nmessages over the LTE - Si or WMAX - R4 protocols, as is
depi cted i n Fi gBRIEFREgSCRIPTION QF a'HB DRAWINGSe r RM extracts the
measurenent report of its rMs and is responsible to transfer this
measurenent via a specific nmeasurenent report nessage to the other rRM.
Each rRM typi cabbailWnhithdimént® of 3fe PRAMRE inVerdtidd art LnlustOR&l &f tRl folBvidde
follow ng tabl es: a.Basic neasurenent table: contains the neasurenents and
qual ity redmaivingsf each end user MS toward all the base stations that each

M5 h f d. Thi . h ial .27..d ' i odi caldy. Fig.
desc ?IS begutn hi s 1153 1! (ralg l(Jagﬂﬁ’H’Z‘hg& ngcé%aﬁ adfl?'é't‘“?lo(l’f ﬁgﬁgﬁé&w :3%3":9? 3 _thaX B’.Sfl’:sl )

Connecti Vi fh¥bilébie stafiofls. as depicted in Fig. 4 (41). It provides

informati on regardi ng to which BS each nobile station is connected.
Fig. 2 1s a simplified pictorial diagram of a mobile multi-hop cellular relay

network in which its base stations are mobile.

Fig. 3 is a simplified pictorial diagram of a rRMs communication network.

Fig. 4 is a tabular diagram of a data base and a method of building the tables
constructed and operative in accordance with certain embodiments of the present
invention.

Fig. 5 is a simplified diagram showing how the Section Measurement Table
provides input to the handover algorithm, in accordance with certain embodiments of
the present invention.

Fig. 6 is a simplified flowchart illustration of a cellular communication
management functionality constructed and operative in accordance with certain
embodiments of the present invention.

Fig. 7 is a simplified semi-pictorial semi-block diagram illustration of a
centralized and distributed management -scheme .and associated rRM network, all
constructed and operative in accordance with certain ‘embodiments ‘of the present
invention.

Fig. 8 is a simplified pictorial diagram of measurement aggregation in each
route, in accordance with certain embodiments of the present invention.

Fig. 9 is a simplified semi-block diagram semi-pictorial diagram of the silence
mode of rBS, operative in accordance with certain embodiments of the present
invention in which a moving base station observes a silence period during which it
refrains from transmitting to its own co-located mobile station, e.g. such that at least‘one
characteristic of the silence period, such as a zone in which silence is observed which is
defined over at least one of a frequency band and a time window, is dynamically

determined by the moving base station’s co-located radio manager.



Cc. Routing table: e.g. as depicted in Fig. 4 (42), describes the actual
routes and the sections that are related to this route. d. Sections

Measur enewo 20a192698STB) : e.g. as depicted in Fig. 4 (43pCTiie2mebh@osnt
because routing decisions are taken according to its paraneters. It

descri bes neasurenents that relate to each_section of the actual connection
route and a description of alternative rodfes as well. This table is the

i nput to the handover decision naking process, as illustrated in Fig. 5.
The left side of Fig. 4 describes the nmeasurenent results of the scenario
of Fig. 2. The Pigsit ismasitplifiedtbléckbdiagiadD)ldesiion be an tEyEI TRAEN i thyltirlespul t

(QER) toward each base statjon that is di scovered by the . .The is
based on tHEBYRSRyOr IQSRW‘F%%EL‘H}%?H?F&US}’C%&CWS‘E@C? &ath qertagembediments g&‘eRSRQ =
N (RSRP / %}E&gﬁ)m}/\here N = nunber of resource bl ocks. The

y ta

connecti vi e (41) provides information about the decision of each M5
to whi ch base sFigtildn i$ ca bemplifiere dlasethattniltustration tdfahi mgthodn operagize ihe
right side of Fig. 4, describes what t rRM sees. It can bg.seen in table
(49" that achercpngh with ST eBPRgIRRLS otiBe GEarR vy ol F8 iR AP yton £ n
each act uals Baw Reur8a&h thle; ConnectilVite talget RORMgMEBISUS &IRAS McablremesMT)
provides the quality results of all possible routes of each nobile station.
In Fig. 5 Tahe twilirle atesesefiein diccorgancsi pith egtaie serppodiments celoflfl weesent t he
scenario i.nvgril%. 2. The Section Measurenment Table is a data base enpl oyed
by the rRI\)lnan& Che MBS in decidi ng about handover and in decidi ng what base
station to be ceinagtied gidph of SNR vkaidhe uddfilliasnderbtasding teldis embadineanp on
it and therefore has the capability to establish conmuni cati on between
them For eXBepresent ysation.o) in Fig. 2 can establish conpl ete communication
traffic betweeng: . . ] It [ MK BN, t he
connecti on of Pl'ilgs %é%?q)g‘?‘gqgﬁzgé%gg I ngl(%/)&glgt}]@gfs?z;%slcp‘éeﬁﬁgrg%mni cation

bet ween t hearidBs rhélsite statipnsoand tmeving thhee MBtons, seheng eheljcal rpevdonodl, | s r VS
is connected. For exanple,.if in Fig. 2 |link bet wee S.3 and sBS is 28
di sconnect@g'a'é‘?m%f‘wﬁbarte{ffﬁ’é“i phere tﬁ?@%ﬁ“acyaﬁe‘éefilg’i"egﬁef’ﬁ epgﬁe‘é’oﬁﬁu Vet i%n

bet ween Msashhfea The rRMtypically includes several |ayers, as

illustrated in Fig 9. Typically, the radi o managenent is typically carried
out in the radiBignihdgandingramashawin@@ss ofiffabled dnformaticap ab¢driing toceatginabl i sh

h ion.b d " i h ' [JF=Ye 38 b h
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above its service layer and provides specific radi o managenent applications
for the tactical network.



In tactical networks, it happens that the quality of the backhauling
section, due to nobility, may change dramatically while the relay is on the
nove frorworellwea@si on to anot her. The application | ayePCOALIh&00RM ti es
the connectivity of the relay (QGR) to the actual |ocation point at which
it was neasured. This allows a person who garri es and uses the relay to
have an indication of |ocation points whi ¢f have good QGR. In a 3 hop
situation, in which one nobile relay is connected to the static base
station (sBS) via another relay, the application |ayer of the first nobile
relay (12)may send a nessage to the other relay (13) to find a best place

f or backhapkEmgLaDDESCRIPTYONEOFCERTAIN EMBOBIMENTSr handover or
network entry can be performed by the network or the nobile station (M).
In cases where the decisions re handover and network assignnent are made by
the M5, the SecThefollVaasiitcaie fay abéanstTaBitlien iffagcordancs withaasyf definétbnov er
the application |layer to the rel evant M. A handover ﬂgﬁ_}esi on_maki ng net hod
provi ded i thersef apnganesinghe prieeart JitsraupmefdinAsaerdanse witlbthe sperficasion; €r 3ow
descri bed. Oﬁgg,smst hod typically provides Quality G ade Result (QGR) for
each possi% e route. Mobile stations (MS) can be connected directly to the
mai n/ fixed BS RO Vi a @IRLAI000WR KAHAY FankiisRidd TeoRndlbgy Wo. For exanple, M1
in Fig. 2, is connected directly to the nain sBS while M52 is connected via
mobi | e rel ayCRIGHRS1) GerdmpsRilosCbaymebct ed via mRS2 and nRS3. 1 n such a
case, to ensur nnect.i vi t mai ntain quality of service and desired
user bit raﬁg’,{ﬁi—[?‘gi S fﬁ?ﬁiﬁ%‘f}f at the decision for handover and ot her RRM
oper ati ons nMEYUTRANJeERvddUSTRAMN t he RSRP, RSSI and RSRQ neasurenents of
the end user M5 only, but also_on the neasurenments done by the rMss

bel ongi ng t ofPRi s | i nikrequeacyBivis@ndunlgs ch t he r RM makes a deci sion for

handover ope i on may, !%Sﬁﬂ'l s of the M5 and the
measur enent s{}%M t he rl\%fs%?lrgt%&gl} gﬂé\g{;‘?l 2 o?ﬁ'?ﬁl{yg speci fic backhaul i ng

i nk. For exdRpDe, MSACDMA20903&ghiRare RMekstlDataent Table in Fig. 5 can be
connected via the sBS or RBSl or S2, eac f these 3 routes the

measur enent sEGCHEh  Saemgy (GrREAp HFHL}[;&FP@%EF&W‘?PS of Ms4, rMs2 and
rMs3) are taggppi nto cRORIVIASMHPTode Power FTOM a nobil e station point of
view, there are several use cases that are related to connectivity: The M
does not seeRSRP of t HRefbmsee Sigaal RersivedPowWgb sees one base station that is

a relay BS ( The sees,on ase station that is a standard BS (sBS)
The M5 sees éggbr al basE P} ﬁgﬁgll?fﬁ; Ve@a('g“a;l)@' a conbination of rBS and sBS

RSSI Received Signal Strength Indicator
TDD Time Division Duplex

UTRA Universal Terrestrial Radio Access
UTRAN Universal Terrestrial Radio Access Network
mRS Mobile Relay

BS Relay Base Station

MS Relay Mobile Station

QGR Quality Grade Result

MANET Mobile Ad Hoc Network

MME Mobile Management Entity

S-GW Service Gateway

MS Mobile Station

In existing cellular networks handover and network entry decisions are made
according to radio channel quality between mobile stations (MS) and surrounding base

stations. Radio channel quality is determined by measurements that are made by the



In each of these cases there are several levels of quality grades (Q&R),
which are related to each base station reception. The presunption at this
stage i s wbhabittdeespsare eit her good, nedi um or poor. Co®@dTauzi/bopoEaANS
that RSRQ > Threshold 1 that enables to transfer up to 64QAM Medi um
quality nmeans that RSRQ > Threshold 2 thaf _enables to transfer up to 16QAM
Poor quality neans that RSRQ < Threshol d 3in which the connection coul d
not be established in the m nimum requested quality. Each nobil e
station (M5) or relay M5 (rM5) sees only "one |layer" of base stations and
i ts neasurMBSenDuer &l giee faco thati thel baserstatiming . ark nlocatelk in tpprmenend plagght the

handover qr network entry decisi.on, the algorith r ef er abl elates to the
measur ene %ﬁ&‘\(\@g!ls toﬁ’BSIﬁ%‘S‘? rsée.ad_y and thepg, i1 po t@?énég&ertgﬁg %é %be(g%"ﬁg’g
station sejeahicaitntsSfod RehMAERT Prot@sd. Fid/H IRBAbEANBBA® of 3EcHI#EbMARdiIA t he
LTE standard (TS 36.304). The cell selection criterion Sis fulfilled when:

Srxlev > ettenke LTE3andsaViMAXVisBlardy hiveer nohfaondpessoas itormgkeBpackhayling
Pconmpensat | an = B EE&“%%( link Qc),tw[sgnB ]the network backhauling performances and the

measurements
mobile station’s measurement results.

In a network whose base stations are mobile (as in a tactical military cellular
communication network), network performance can change dramatically because there
is no guarantee that backhauling performances may be kept in the new locations.
Certain embodiments of the present invention relate to a network architecture based on
relays that establish multi-hop routes via in-band backhauling. In this solution each
relay has a standard mobile station (tMS) that carries the backhauling traffic. The tMS
does not however typically have keyboard or display, and typically includes only the
LTE (or WiMAX) modem.

This rMS is connected to base station (rBS) of another relay, which has its own
rMS that is connected to another rBS of another relay. The messages that establish these
connections are according to E-UTRAN (or WiMAX) standards. Such a route contains
several sections. The quality of each radio section is measured by the rtMS of this
section and the quality of the whole route is an outcome of the quality measurement
results of all the sections of each route, as depicted in Fig. 8. Fig. 2 depicts a network
with 3 relays (11), (12), (13). Each relay functions as a base station (rBS) at its access
side and as a mobile statiog (rtMS) at its backhauling side. The 1BS and MS ' of each
relay are controlled internélly by the rRM - the relay Radio Manager. In the event that
the 1BS transmission interferes with the co-located rMS’s attempts to be connected to
the remote base station, the rRM may cause the rBS to transmit empty frames in the
downlink.

According to an embodiment of the invention, decisions of RRM — Radio
Resource Management, including but not limited to handover decisions or admission
decisions about to which base station the mobile station will be connected to, or MS
network entry decisions, are based on the quality measurements of all the sections that

compose a route.
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criterion ecides whether it is a suitable cell or not. Handover
deci si on pmocasno-the enc ¥t theyMBeapps bwr ned according to the quality grade of

each actual route,i arison to the alternpative route.of thi user
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the other rRMs.
Each rRM typically builds, e.g. as shown in Fig. 11, some or all of the following
tables:
a. Basic measurement table: contains the measurements and quality result of each

end user MS toward all the base stations that each MS has found. This rough material
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al gorithns” do not ignore weak quality links. According to certain
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Each rRM has a list of MSs that camp on it and therefore has the capability to
establish communication between them. For example, mRS2 (12) in Fig. 2 can
establish complete communication traffic between MS5, MS6 and MS7. In addition to
this, each TRM knows the connection of its local tMS and accordingly can establish
communication between the MSs that camp on it and the MSs of the relay in which its

MS is connected. For example, if in Fig. 2 link g between mRS 3 and sBS is
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2) Conputation of the rou quality is not done in the

source node - the nobile station, but in the internediate nodes - the relay

r RM
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SNR t hat

the SNR RSRQ = N x RSRP RSSI

is above its service layer and provides specific radio management applications for the
tactical network. _ . ‘

In tactical networks, it happens that the quality of the backhauling section, due
to mobility, may change dramatically while the relay is on the move from one location
to another. The application layer of the rRM ties the connectivity of the relay (QGR) to
the actual location point at which it was measured. This allows a person who carries
and uses the relay to have an indication of location points which have good QGR.

In a 3 hop situation, in which one mobile relay is connected to the static base
station (sBS) via another relay, the application layer of the first mobile relay (12)may
send a message to the other relay (13) to find a best place for backhauling and may stay
there.

The method for handover or network entry can be performed by the network or
the mobile station (MS). In cases where the decisions re handover and network
assignment are made by the MS, the Section Measurement Table (STB) in Fig. 5 is
transferred over the application layer to the relevant MS.A handover decision making
method prov1ded in accordance with certain embodiments of the invention is now
described. The method typically provides Quality Grade Result (QGR) for each possible
route. Mobile stations (MS) can be connected directly to the main/fixed BS, or via one
or two relays in one hop or two. For example, MS1 in Fig. 2, is connected directly to
the main sBS while MS2 is connected via mobile relay 1 (mRS1) and MSS5 is connected
via mRS2 and mRS3.In such a case, to ensure connectivity and maintain quality of
service and desired user bit rate, it is important that the decision for handover and other
RRM operations may not depend just on the RSRP, RSSI and RSRQ measurements of
the end user MS only, but also on the measurements done by the rMSs belonging to this
link. The method by which the rRM makes a decision for handover operation may be

based on the measurements of the MS and the measurements of the rMSs that are part

In
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N = Number of Resource blocks RSRP - Reference Signal Received Power RSSI -
Recei ved Signal Strength Indicator RSRQ - Reference Signal Received Quality
Thi s for mibaomg2498 nodified as follows:: N x RSRP rsSI RRTALR$BD00096N X RSRP
1 rsSINR=1
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of this specific backhauling link. For example, MS4 in the Section Measurement Table
in Fig. 5 can be connected via the sBS or RBS1 or RBS2. In each of these 3 routes the
measurements of each sector (meaning the measurements of MS4, tMS2 and rMS3) are
taken into consideration.

From a mobile station point of view, there are several use cases that are related to
connectivity:

e  The MS does not see any of the base stations
e The MS sees one base station that is a relay BS (1BS)
e The MS sees one base station that is a standard BS (sBS)
e The MS sees several base stations that can be a combination of rBS and
sBS
In each of these cases there are several levels of quality grades (QGR), which are related
to each base station reception. The presumption at this stage is that they are either good,
medium or poor.
e  Good quality means that RSRQ > Threshold 1 that enables to transfer up
to 64QAM
e  Medium quality means that RSRQ > Threshold 2 that enables to transfer
up to 16QAM
e Poor quality means that RSRQ < Threshold 3 in which the connection
could not be established in the minimum requested quality.

Each mobile station (MS) or relay MS (rMS) sees only “one layer” of base
stations and its measurements relate to this layer only. In order to get a right handover
or network entry decision, the algorithm preferably relates to the measurements of all
the layers.

The criteria of the MS for base station selection is done according to MS
measurements, as defined in the LTE standard (TS 36.304).The cell selection criterion S
is fulfilled when:

Srxlev>0

Where:



RSRQ rsSINR = reference signal SINR In addition, statistical
paraneters e.g. nean or other nmeasure of central tendency, and/or standard
devi at i orwa0hdiesasmay be conmputed and nmay be suitably P8#/ICmbdwesh, using
a suitable application-specific conbining nmethod, with the above
information to generate a highly representative channel quality grade
result: Mean: E =1 irsSINR(i) N Standard viation: 1 N2 SE)

Sxxlev = erlevm:as o (erlevmm + Qxxlevminoﬁset) -P Compensation [dB]
where Pooppenaion = M3X(Pryiax - Piagax-0)  [dB]

Qrxlevmeas is the measured receive level value for this cell, i.e. the Reference
Signal Received Power (RSRP) as defined in the standard. This measured value is the
linear average over the power of the resource elements that carry the cells’ specific
reference signals over the considered measurement bandwidth. Consequently, it
depends on the configured signal bandwidth. In the case of Receiver’s diversity
configured for the MS, the reported value may be equivalent to the linear average of the
power values of all diversity branches.

Qrxlevmin is the minimum suitable receive level in this cell, given in dBm. This
value is signaled as Q-RxLevMin by higher layers as part of the System Information
Block Type I (SIB Type 1). The Qrxlevmin computation is based on the value provided
within the information element (-70 and -22) multiplied with factor 2 in dBm.

Qrxlevminoffset, is an offset to Qrxlevmin that is only taken into account as a
result of a periodic search for a higher priority PLMN while camped normally in a
Visitor PLMN (VPLMN). This offset is based on the information element provided
within the SIB TYpe 1, taking integer values between (1...8) also multiplied by a factor
of 2 in dB. This gives a wider range by keeping the number of bits transmitting this
information. The offset is defined to avoid “ping-pong” between different PLMNS. If it
is not available then Qrxlevminoffset is assumed to be 0 dB.

PCompensation is a maximum function as shown in Equation 5. Whichever
parameter is higher, PEMAX-PUMAX or 0, is the value used for PCompensation.
PEMAX [dBm] is the maximum power a MS is allowed to use in this cell, whereas
PUMAX [dBm] is the maximum transmit power of an MS according to the power class
the UE belongs to. Only one power class is defined for LTE, which corresponds to
Power Class 3 in WCDMA that specifies +23 dBm. PEMAX is defined by higher layers
and corresponds to the parameter P-MAX defined in the standard. Based on this
relationship, PEMAX can take values between -30 to +33 dBm. Only when PEMAX >
+23 dBm PCompensation is considered when computing Srxlev. The P-MAX
information element (IE) is part of SIB Type 1 as well as in the
RadioResourceConfigCommon 1E, which is part of the SIB Type 2.



N=1 For exanple, in the field, it may transpire that given a fairly

| arge standard deviation, a |lower total grade should be allocated, if the
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t hen the QGR i sAGexpjeind] abeves ellithe pirameteppexcephfoy Qmtevmeag\aretfrevideh&iaQGR i s

M ( medi | se. th is B (bad). Al th iated with
Certain t SRER EIPTIBLT adshurarPEha M TaGIREIe SyErbart BEE Fhb" he
criteria adiffeAhtRetod0dpératods. SThel KISForls kab@s afteP rdddinghBe STB Dfpet héf disgnal

is very small and its average is close ug er side) to the threshold SNR so
no extra neetidrelongs t@ﬁpap@ntorﬁem@oxﬂcﬁé’w{lﬂ qngify )i Eirgfdle) UE may look for the

strongest cell per carrier, then for the PLMN identity by decoding the SIB Type 1 to
decide if this PLMN is a suitable identity. Following this, it computes the S criterion
and decides whether it is a suitable cell or not.

Handover decision per end-user MS may be performed according to the quality
grade of each actual route in comparison to the alternative route of this end user (MS),
and may include some or all of the following steps, suitably ordered e.g. as shown:

a. If the MS has one route only, it may be considered as high risk MS and
continue to be connected to this route.

b. In cases where there are several alternatives, each route section is checked
separately. The QGR is checked and if there is a very poor QGR result, the route may
be ignored and considered as a route without backhauling.

c. In cases where that there are several routes in which all sections are above the
minimum QGR threshold, a comparison is done between them. The minimum QGR
section in each route is taken and compared with the minimum QGR of each alternative
route.

d. Handover decision takes place if the existing route has quality grade inferior
to that of other routes.

Fig. 6 depicts a flow diagram of a handover method operative in accordance
with certain embodiments of the present invention.

As described previously, typically, each relay has a standard mobile station
(rtMS) that carries the backhauling traffic; however the tMS typically does not include
keyboard or display, but rather only an LTE (or WiMAX) modem. This tMS is
connected to base station (rBS) of another relay, which has its own rMS that is
connected to another rBS of another relay. In the event that the rBS transmission
interferes with the co-located rtMS’s ability to be connected to the remote base station,
the rRM may cause the rBS to transmit empty frames in the downlink.

As described above, each rRM typically builds some or all of the following

tables: Basic measurement table; Connectivity table: Routing table; Sections



Fig. 12 graphs the above parameters. As shown, if Eis high, large Sis
acceptabl e whereas if Eis low (margin SNR), the standard deviation E is
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section neasurenént table for” MS5, however,” indicates howto rectify the
si t uat i on: laj8Sndmpyoidescspreibic rastio mana@®ient applicatipns fos thegaetisel ratwdrk: hat

ol ement ot i on. Bnaricd MRRRRL may’ Gtk 15 s a1 JAF ppRfpliing Seton, ©
i npl enment apdcaise0sf MRBlliteaihp bedamapid dethniteicaNy tWhik fherrellyanblies REE @fee not

intended to be limting since in an alternative i nl';l)l antation, the sane
el enents nplgen thanaflsr; dke appli¢asion dayraafohy rRAY tissithe seruiecdvitiopf Hegidlaveven

be elim naé(ggllt2 t r . <t ] afggg nent s
of the presen ?Jfont\i}g%{n?%nlofaﬁlcoln&mglt J‘B’?‘%glrgg‘{nuggdan af%%ﬁ%g@r?&%s}’@ﬂ&ggl ed, be

i mpl emrent egkeithe FOY 4 iadidatic tegardings lpgatfonrpoints tHaubavegocD-QRRE, EPROVE and
EEPROVE, or may_be staored in any. other suitabl e conputer-readabl e nedi um
such as but notM F#FtAS %pair%qegmgf OREa oIS TR S, coparded by the Static base

station (sBS) via another relay, the application layer of the first mobile relay (12) may
send a message to the other relay (13) to find the best place for backhauling and stay
there.

As described above, a Decision making method is provided herein which
provides a Quality Grade Result (QGR) for each possible route. Usually in MANET —
Mobile Ad-Hoc Networks -- algorithms are based on hop count (like the DSR) but these
algorithms do not ignore weak quality links. According to certain embodiments of the
present invention, the method may be based on a suitable modification, as described
below, of the following algorithm: Fuad Alnajjar and Yahao Chen, “SNR/RP aware
Routing Algorithm Cross — Layer Design for MANET” (IJWMN, Vol 1, No 2,



36 various kinds and RAMs. Conponents described herein as software nay,
alternatively, be inplenented wholly or partly in hardware, if desired,
usi ng corwernbiioadst echni ques. Conversely, conponents destniLiedodeesei n as
hardware may, alternatively, be inplenmented wholly or partly in software,

if desired, using conventional techniques. I ncluded in the scope of
the present invention, inter alia, are eléétronagnetic signal s carrying
conput er-readabl e instructions for performng any or all of the steps of
any of the nethods shown and described herein, in any suitable order;

machi ne- r elldedmhleeri2089), wdi¢hois basalromp®NRamdipoyeameasuremeits.ofhet Almagare@henof any

of the met hods shown and descr.i bed herei in.any suitable order; program
st or age de’%‘F&’@g lsr‘é(B’(‘f&ﬁYE‘ lq“f]dﬁﬁ?’ﬁg_,or?liﬂg)fhﬁl@l%‘ﬁ%lgdﬁpﬁ Sa program of

instructions expcgkapsit R¥ndrBRd TRGNREIY nddedd BeBoaRdntinaPléntéts bha Bt eps
of any of the nethods shown and described herein, in any suitable order; a

conput er pYdBAMsastementaepgt pEthegnebiteotiatione (NSRa Blherere ap Rautalkeqigst
conmput er readabl e ogram code, such as executabl e code, havi ng enbodi ed

t herein, aWﬁ?%geﬂ@liffg%ﬁleﬁ%ﬁ%ut er readabl e program code for perforning,
any or all of theCcshpstion ofihy rofitelduglityes hotdorehiawhe sntcdpsdy + trednblsiteei n,
in any suitable order; any technical effects brought about by any or all of
the steps #rtiompuion thhintermepigiesnodsdwtheislydB¥r i bed herein, when perf or ned
[n any sultabl e0ffgndiaBio S KRB CRARPAALLEs ik SRROnS BRENA R of
such, programmed to perform alone or 1n conbination, any or all of the

st eps of aAlnafjhir dtiele)rdichoats saltictienl SAD, desragd/inesh et miedian inmetacs/thatuweight e

order; electronic devices each includi. rocessor and a coopergting
i nput devi r%@ﬁé& cath pRfioBdeRces g??&ng%kﬁgfg}r\/‘é(‘tﬁ(fe%m%ﬁn lig‘ﬁ' géf fﬁ/\é‘?e_e any
st eps shomlaﬁ%‘ HERE MhRRDGnAGELENR héMstFefRhtsOdte SThAHAME (19R¢ $BS) RidepAlS cal

records, such as disks or hard drives, causing a conmputer or other device
t o be confsegtioeduaidy.as to carry out any or all of the steps of any of the

ore-stored o o RS A" 87 BhTAR U B ke Torr- 18t asRc SO ekl
I nternet, Rafvgeiny vakukerGipebaoMdavdiheadebad. Weshva0dE @mdiiation ofilthe of
the steps of any of the net hods shown and described herein, in any suitable

order, andSNReantetheostaidsticalmsiifisndhe SN iR tbadingnwn R dhet i rspded for

i ncl udi ng . . i . f IpE T SN har dwar e whi ch
perforns a%?a%lg{lélff(ﬁ{é?‘iﬁl?{%%&é#gg{slﬂ%%o tgéﬁe% I'izfghe net ﬁgdq%'shovm and descri bed
herein, in any Thé EABTRAD difines an RBRIQ pdrametepwhich i€ sinjilanad thoSNA:t h

sof tware. Any conputer-readabl e or machi ne-readabl e nedi a descri bed herein
is intended to include non-transitorys ot or machi ne-r eadabl e nedi a.
37 Any conputations or other forns of RHSAl ysis descri bed herein may
be perforned by _a suitabl e conputerized nethod. Any step described herein
may be conputerdiT ?é%esog’?réétbf‘ﬁifénti on shown and described herein may
include (a) usiRYRP CRABHLEL S%AM EERRE PoRet dentify -a 'sol ution to any of
the problens or for any of the objectives described herein, the solution
optional Iy inclR88I -aRetaust Signal Yfengthdedicgioon, an action, a product, a
service or any Lhior mation, described herein that inpacts, in a
positive nannerggg%”rgﬁfeé‘?ﬂ‘%ﬁil%} E‘Eeﬂ‘{/eélgs'éaé@éri bed herein; and (b)

out putting the $RisYbinfla mav be mdEaédaLHll6dst he present invention which are
described in the context of separate enbodi nents nay al so be provided in
conbi nation in gmg__le eMpsdthiffent . Conversely, features of the invention,
i ncl udi ng net hod™5 eps rswhighx gcrpdescri bed for brevity in the context of a
single enbodinent or in a certain order may be provi ded separately or in
any suitable supmi:nati bn or in a different order. "e.g." is used herein
in the sense of @ specific exanple which is not intended to be limting.
Devi ces, apparatus or m@_ shown coupled in any of the drawings may in
fact be integrated into a“single platformin certain enbodi nents or nay be
coupl ed vi a any;3PRRCPfef@tReWignr@ISINR Wi I el ess coupling such as but not
limted to optical fiber, Ethernet, Wreless LAN, HomePNA, power I|ine
communi cati on, beladdisieonestativtgl BiramRISEr €L GURE) ®aplier | measprec [ofi deanéralePs,
or ot her bi.l e del ivery. .l% js. .eGl (I P11 d
O avi ngs SHAuHnaM e s dsTaBRR'aS HA il cdrlpbif aHEREY B bR
illustrated as systens and sub-units thereof can al so be provided as

met hods and steps therewithin, and fiuictionalities described or
illustrated as nethods and steps therewithin can al so be provided as
systens and sub-units thereof. The scale used to illustrate various
elenments in the drawings is nerely exenplary and/ or appropriate for clarity
of presentation and is not intended to be Iimting. Flowcharts included
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wherein each base station functionality is operative to communicate via
antennae with at |east one nobile station thereby to define a first radio

| i nk t herwolzetiviwedys and wherein each base station functiPpomalLionyodwas a
physi cal connection to its co-located radi o nanager, wherein each nobile
station functionality communi cates via antennae with a unit which has base
station functionality thereby to define a38econd radio Ii nk, wherein the
radi o manager in each individual noving relay conprises: a radio resource
manager; and functionality for exchanging information with radio
manager s i cohhifded] usingme\suitgble edpplisatimnbsepecifib aronsanidg i method,d uaith rthe iahgver el ay,

wherein sajd information is used by said radi o.resource, manager to sel ect,
for at Iea’é‘?"r%‘@oi‘ HgHeHiGR ‘TeBYebs’F’&?‘ilYFn&?E%‘ﬂqu@ﬁ?@%d@ rggﬁ ed, one of: a

static base stafjeq; and a base station functionality, to which to
connect said individual nobile station in order to provide cellular
comuni cati on servi ¢egd,t her et o. 2. A systemaccording to claiml
operative in codj &nct| ﬁsﬁﬂﬁﬁa) a cellular network including a core

device, at least o slatic base station, and a popul ation of nobile
stations connun'ca%%gg»via antennae with at |east one of the base stations,
wherein at | east'@ 8P8YYYi cal change in said system occurs dynamically,
sai d t opol ogi cal chingﬁ conprises a dynam c change in at |east one

n

connecti on bet a j -3y ghd at | east one of a noving relay and a
static base sta iBhAzEE(kﬂgmgﬁ&itég tem according to claim2 wherein at

| east one radio resoufite manager locally stores at |east some of the
information it pSeschihdBinend 688 fi Ak tWansfehhi 8veRfa #if§!lhidk aftandard
communi cati on service provider for an 1ndividual nobile station
deviation, a lower total grade should be allocated, if the fluctuation indicated by the
large standard deviation is found in preliminary field experiments to frequently (a large
percentage of the time) yield unacceptably poor SNR in certain communication
segments.
Finally, define the two criteria parameter figures: A, and A, (0<A,<A,).

Using those criteria parameters, determine the QGR e.g. using the following two
conditions:
E >SNR (1 + A)

2 <A
E

If both conditibns apply for A=A, then the QGR is G (good), else if they apply only for
A=A, then the QGR is M (medium) else the QGR is B (bad). All these QGRs are
associated with a certain transmission mode (modulation and coding). Typical values
for the criteria are A,=0.1 and A,=0.5. If A is close to 0, the STD of the signal is very

small and its average is close (upper side) to the threshold SNR so no extra margin is
apparent hence the situation is good.
Fig. 12 graphs the above parameters. As shown, if E is high, large S is acceptable
whereas if E is low (margin SNR), the standard deviation E is preferably low as well.
Fig. 13 is a pictorial illustration of an example of a rescue operation in which
various mobile stations and moving base stations, serving medical personnel, are
advancing over a terrain where they may never have been deployed, e.g. toward a

disaster area. It is appreciated that the relevant features of the terrain may include,



WO 2011/ 092698PCT/ 1L2011/ 000096 39 seeking to be served, even after said
deci si on has been nmade, thereby to generate a database co-located with said

radi o r eswoner/yedager . 4. A system accordi ng toPclraiLrof/ooshsr ei n
said information used by said radio resource manager includes information
obtained fromits co-located base station _functionality 5. A system

according to claiml1l or claim4 wherein sard information used by said radio
resource nmanager includes information obtained fromits co-located nobile
station functionality. 6. A systemaccording to claim5 wherein said
i nf or mat i omstebd af oeid aidvionsaild topedrapiacad deaturos blevat, athico feahwrecsucbpallotay i s
derived from, at ast .one neasure at | east one char.acteristic of

| t
sai d seconP4di ‘Hgﬁ“} nfixtures  either; o An‘él]i}‘ggemaé'cc PIYPh GCQrmpRiLEHAns RETWEes 1y
sai d funct{gRalihichish #tRork nodes.

Each mRS typically has co-located rRM functionality, rMS functionality and
rBS functionality, as shown. A first state of the system is shown as stage A;
communication lines are indicated by a triple line. A second state of the system is
shown as stage B; communication lines are indicated by a solid line. A third state of the
system is shown as stage C; communication lines are indicated by a dotted line. As
shown, in stage A all the MSs are conventionally connected to the sBS. However, in
stage B the forces move forward. MS1 and MS4 are still camped on the sBS whereas all
other mobile stations get communication services via mRS1 and mRS2. More generally,
according to certain embodiments, service is provided by sBS1 when possible; this is
termed “the central approach”.

In stage C the forces on the right side have moved forward. mRS2 is in a valley
and has connection with mRS1 but no connection with the sBS. The STB table, as
shown in Fig. 14, shows rRM2 and MSS5 that the preferable route is via mRS2 and
therefore the communication route for MS5 is changed accordingly, as shown. In idle
mode, MS5 may make this decision whereas if MS5 is in active session, or is occupied
with other network transactions, the decision may be made and initiated by rRM2.

Fig. 14 shows how the tables described herein support the decisions made in the
example of Fig. 13. As shown, the tables show that in stage C, MS5’s MS connectivity
decisioﬁ, rBS2, is wrong. The section measurement table for MSS5, however, indicates
how to rectify the situation: MS5 may be connected to rBS1. 4

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 implantation, the same elements might be defined as
not mandatory and not required or might even be eliminated altogether.

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



provi ded in accordance with a cellular comunication standard and wherein
said information includes information provided by said nobile station
functi onavotg1lva2@8cor dance wit h sai d standard. BCTALBY 50@N6
according to claim7 wherein said cellular conmunication standard conpri ses
3GPP E- UTRAN LTE. 9. A system according to claim8, where the
I nformation includes at | east one of RSSI§6RSRP, RSRQ. 10. A system
according to claim1l wherein each said noving relay and each said nobile
station constitutes a cellular comuni cati on node and wherein said |inks
gener at e rwarioss kinds @and Raxide.t Compeacnds destabedihateintesrseftwast mhyadtermatieelyadi o
ute a

oL Ce TSt aLoE) ShOR gl i el gote, 3 CRer el LYC ) gt e
route passtagetdRUebmpahdhts ViséGel UR2GABREThdrddRiel/ ABP0WeAdtiveldl vBedual
node, by conbining information pertaining to |inks along said individual
rout e. implemented wholly or partly in software, if desired, using conventional techniques.
Included in the scope of the present invention, inter alia, are electromagnetic
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 by
machine, tangibly embodying a program of instructions executable by the machine to
perform any or all of the steps of any of the methods shown and described herein, in any
suitable order; a computer program product comprising a computer useable medium
having computer readable program code, such as executable code, having embodied
therein, and/or including computer readable program code for performing, any or all of
the steps of any of the methods shown and described herein, in any suitable order; any
technical effects brought about by any or all of the steps of any of the methods shown
and described herein, when performed in any suitable order; any suitable apparatus or
device or combination of such, programmed to perform, alone or in combination, any
or all of the steps of any of thé methods shown and described herein, in any 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 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 e.g. in memory or on an information network such as the Internet,
before or after being downloaded, which embodies any or all of the steps of any of the
methods shown and described herein, in any suitable order, and the method of
uploading or downloading such, and a system including server/s and/or client/s for
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.



11. A system according to claim210 wherein said radi o resource manager
operative to conpute a route quality paraneter conbines information
pert ai ni ‘yotzo1la9mdes al ong sai d i ndi vidual route by conpeCirapoat/monderum from

anong val ues characterizing respective qualities of all links form ng said
i ndi vi dual route. 12. A system accggdi ng to claim10 wherein said
systemis operative in conjunction with a“cellular network including a core

device, at |least one static base station, and a popul ati on of nobile
stations communicating via antennae with at |east_one of the base stations,
and wherei n saiAny caipitaticis or othes ferorsmfiagealysia dessnibed bensinemay he perderaned

A

i ndi vidual, node.tp at | east ane @f .the statig bas tations. 3.
system acc%'_r gi 2 %qrﬁ?lﬁ?qze_ahglf of- ISR eé%l%leg I(?)%"eel%laﬁaVebel ﬁo%lglrlltje%ncti on
W th a staghigleri@itd ’hd HleHBbMGhowh O des¢tibed hatein eagt imhedes (Ht usindase
station, and a popul ation of nobile stations communi cating via antennae
with at | eespugarizedfmeathed midentifyag isohsion el anki ¥ dhe) Peiems QEifRL rart tsdi o

manager t h%t'e %gss dél&%b&?ﬁ/ Seifl t‘fﬁ%fsf)fuﬁbﬁ Bg{ié’néﬂ&q}?clﬂ&@éd 1Lt 88@8@% Héé?gc]oﬁ,oant he
static netWork  can prOV|d% communi cation, vra sald individual radio
manager' s #fioheCploddetbaserviveairiaan othendifornatidnt descriteddvieesin nind iiinpacts,dah iaons

that are connected to said co-located base station fungtionality.
14. A systROHHEBRICRgA PEORIEM; On Qgectives é*eﬁrg’éad‘eé?gi %ﬁ‘ﬁc R or?é‘F%ﬁ‘%ﬂ}en
conj uncti oy Wdph @ static network including a core device, at |east one

static base station, and a popul ation of nobile stations communicating via
antennae with at | east one of the base stations and wherein each radio

manager that does not ve a connection to the statjc network n_provide
conmuni cat i on, a&“%%?tg&f’ IPG‘?S\‘Wtd‘E}é{?r_‘t’roéld‘fVlb‘CErﬁff’a‘geegfm@edc%l-tﬂgSg?tgﬁt (gtgsgggg “ati on
functi onal drfinodiREINRRY alld Roviliad intdbmBiRdiondh @ sERIVERbAHmMER. Eahtkrsely,

co-l ocated base station functionality. A system according to

clai m 1 wheateras ofithd imaentiosn ncludifia/mgthed stepgi whigiarec‘g@qscréleﬂd for breviy in the
conmmuni Cat(!o(r)lpéxt \(/)% g s%;[glé E8BSaiGt Qralsnea %ér%[.llll %Pdefr Lﬁ?acyt liJeOBx%kf.icfeX sle{)ﬂgt%gr 5Cin
any suitable subcombination or in a different order. "e.g." is used herein in the sense of
a specific example which is not intended to be limiting. Devices, apparatus or systems
shown coupled in any of the drawings may in fact be integrated into a single platform in
certain embodiments or may be coupled via any appropriate wired or wireless coupling
such as but not limited to optical fiber, Ethernet, Wireless LAN, HomePNA, power line
communication, cell phone, PDA, Blackberry GPRS, Satellite including GPS, or other
mobile delivery. It is appreciated that in the description and drawings shown and
described herein, functionalities described or illustrated as systems and sub-units
thereof can also be provided as methods and steps therewithin, and functionalities
described or illustrated as methods and steps therewithin can also be provided as
systems and sub-units thereof. The scale used to illustrate various elements in the
drawings is merely exemplary and/or appropriate for clarity of presentation and is not
intended to be limiting. Flowcharts included herein are used for simplicity to exemplify
methods typically comprising some or all of the steps shown, suitably ordered e.g. as

shown.



WO 2011/ 092698PCT/ 1L2011/ 000096 41 said radi o manager, between nobile
stations that are connected to said at | east one base station

funct i onaw0t2911/092698 16. A system accordi ng to cl ai m PCrhEr02i/mo0ec h
resource nmanager is operative to selectably establish comruni cati on between
at | east one nobile station connected to its co-located base station
functionality and at |east one nobile statPon connected to a novi ng rel ay
to which said resource nanager's co-locked nobile station functionality is
| i nked via a route. 17. A system according to claim 16 wherein said
route includes @LAIMSal ity of |inks. 18. A system according to
claim 10 wherein said radi o resource nanager residing at said individual
node conputes a plurality of route quality parameters for a correspondi ng

plurality of royte alternath¥@asg cellular comméhicAiohkyétem RdefRisHighg to claim 18
wherein said radi o resource managgr provi des said plurality of route
b

qual i ty paranet @rgluraityaf meying g eashiinudipg thagmstaléem Bachepality. tvadipas e
station functi op%'&%gﬁgéé@cngﬁ%g&#agi SiicH-ibadlp resource manager.

20. A sys_t%‘f’f?a cordi érein sald’individual nobile station
i s operative, Wshéreln eachiige i slatibi Elindtionblityi isS opévatite cbs tanmiunicatel in uni t
havi ng base station functionality it iis to be connected, to nake said

deci si on baemagtwith 2% leash opg rn@ol%/;}g: giatien pheseRy fq glebpe Aokisk rftia linky there
P L gt S SRR R BN e,
I ncl udes shkcatedtadieamhagene neasurenent itself. 42
wherein each mobile station functionality communicates via antennae with a
unit which has base station functionality thereby to define a second radio link,
wherein the radio manager in each individual moving relay comprises:
a radio resource manager; and
functionality for exchanging information with radio managers included in
moving relays other than said individual moving relay,
wherein said information is used by said radio resource manager to select, for at
least one individual mobile station seeking to be served, one of:
a static base station; and
a base station functionality,
to which to connect said individual mobile station in order to provide cellular

communication services thereto.

2. A system according to claim 1 operative in conjunction with

a cellular network including a core device, at least one static base station, and a
population of mobile stations communicating via antennae with at least one of the base
stations, wherein at least one topological change in said system occurs dynamically,
said topological change comprises a dynamic change in at least one connection between

a moving relay and at least one of a moving relay and a static base station.

3. A system according to claim 2 wherein at least one radio resource
manager locally stores at least some of the information it uses to make a decision re

selection of a cellular communication service provider for an individual mobile station



22. A systemaccording to claim4 wherein said information obtained from
said co-located base station functionality is derived fromat |east one
measur enewo 20f1/@ee9Beast one characteristic of said first®tCradinl/hionds.

23. A system according to claim22 wherein said informati on obtained from
said co-located base station functionality includes said at |east one
measurenment itself. 24. A system ag%ordi ng to claim8 or claim9
where the information includes a rsSINR netric. 25. A system
according to claim1 in which an individual nobile station is connected to
an i ndi vi cuekinpas desteatedprvémnfien sadiidetiyionrths\tieen enatdea thisehysfoogenerate @ansf er
said indivjdyal nopile statio way from sai d individual base station
functi onal a5eCorRgated Wi Sta?égﬁa‘roc%sor’r'é‘f‘%@%?aggﬁ-l ocated with said individual
base station functionality. 26. A systemaccording to claim1l and

al so conprising a cellular network including a core device, at |east one
static base station, and A sygpmlaseordingo™ qlaibi | avhsraan sed nformatinn esdibyg vi a

antennae w t t | east one of th as.e.St af.i . .
accor di ng #Eq%éﬁ AT2B  EndRESH ‘%@W%F i %fo%%gbgerﬁ%%neﬁle?ﬁgr éz r‘%&ﬁ%ﬁ%"?‘f babe
( D sNet RMsidtRmatigdionblig static network core device.

5. A system according to claim 1 or claim 4 wherein said information used
by said radio resource manager includes information obtained from its co-located

mobile station functionality.

6. A system according to claim 5 wherein said information obtained
from said co-located mobile station functionality is derived from at least one

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

7. A system according to claim 6 wherein said functionalities are
provided in accordance with a cellular communication standard and wherein said
information includes information provided by said mobile station functionality in

accordance with said standard.

8. A system according to claim 7 wherein said cellular

communication standard comprises 3GPP E-UTRAN LTE.

9. A system according to claim 8, where the information includes at

least one of RSSI, RSRP, RSRQ.

10. A system according to claim 1 wherein each said moving relay and each
said mobile station constitutes a cellular communication node and wherein said links
generate routes interconnecting said nodes and wherein at least one radio resource
manager residing at an individual node is operative to compute a route quality

parameter characterizing quality of at least one individual route passing through said



28. A systemaccording to claim1 wherein, for at |east one nobile station
functionality in at |east one individual noving relay, said unit which has
base st atworrofwmeddsonal ity conprises a base station funeCranzii/ooosf a
nmoving relay other than said individual noving relay. 29. A system
according to claim1 operative in conjunction with a cellular network

I ncl uding a core device, at |east one stafPc base station, and a popul ation
of nobile stations comrunicating via antennae with at | east one of the base
stations, 43 wherein, for at |east one nobile station functionality
in at | easindividal mdiesi lpuabmbimingnipforhation pedathiogite links alongasaidbasdvisiual i on
functionality conprises said static base station. 30. A system
according 8%l aim 1 wherein said information, but for said exchanging, is
accessible to only a subset of said radio managers. 31. A system
according to claim1 wherein said informati on conprises |link information
characterizing Ht | east oAesystensaiceprdiagi t Clapksl0 wherein 3521d P@@QISI?WCC

according to claim28 wh re|n f r t he .nobi |
co- | ocat ed™ 3 oaPeHg S §OPIRNE, 2o REr Ey Séa?%‘h?%rdlé\}l)l %ﬁ&?ﬁﬁtl(}nel ay,

said unit ;v&aﬂaﬁﬂn@aﬁhbmaoﬁg ahidandividvat t@m@bytcym@hﬁ@g @Qﬂnﬁmamsﬁanmﬁcmg
station functionality of a noving relay rather than a _static base station,
t her eby t ovabieseharacistiring rerpgctivgshm! 111¢St<gf alldinks formypg paidundividual route.

12. A system according to claim 10 wherein said system is operative
in conjunction with a cellular network including a core device, at least one static base
station, and a population of mobile stations communicating via antennae with at least
one of the base stations, and wherein said individual route comprises a route connecting

said individual node to at least one of the static base stations.

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

mobile stations that are connected to said co-located base station functionality.

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

co-located base station functionality.

15. A system according to claim 1 wherein at least one individual radio

manager can provide communication, via at least one base station functionality linked to



33. A systemaccording to claim27 in which an individual nobile station is
connected to an individual base station functionality and wherein a

deci si on wo 20r1zm93698r sai d i ndi vi dual nobil e station awapCraprnyeiodos

i ndi vi dual base station functionality is made centrally by said rel ay

net wor k manager (Di sNetRM. 34. A system according to claim?20 and
al so conprising a cellular network i ncl udi¢ g a core device, at |east one
static base station, and a popul ation of nobile stations comruni cating via
antennae with at | east one of the base stations wherein said individual
mobi | e st atdid radie ciabegert cbetweabmoblie ctatines thabarertdrinetted tosaid haldasigolxase
station fugctionalit which, according to said plurality of route quality
par anmet er sP3SpP@UPR EECEaRAitY ngi vi dual nobile station with the best route to
one of the static base stations. W) 2011/092698PCT/1L2011/ 000096 44

35. A nobile communi cati on network system operative in conjunction with a
core network intd.uding a Acﬂyetewemcoeﬁ/w@ claim & aderain gacht IgEQUICHBGBALST 3] | on,

the syst i sing: a,plurality of b tions: A
popul &t 1 onBT b St el forRimutRior bR IRAE one vtk pion,

stations; connected & etshdSBcHbAbaONStalidie ftititiogalay dndadtle0@nouNobIlE Qi@
station which communi cates via antennae with the nobile stations and

i ncl udes beppaeeseditq movingaelay hamhigh said repouree MamesT seAdo@edmabipHatien
station fu %ﬁ&ﬂﬁ,.ﬁ¥¥££&v§%3%&%ated with the base station functionality,
a

t he base s i on tunctronality having a physical back-connection to the
first radio manager, the first radi o manager having a physical connection

with the nobile station functionality, the nobile station functionality
communi cating vlA ant enna® WSt apcqrding: to fany dp swhereipesald iyt ug‘ig%s a

station,  phrality of links.

18. A system according to claim 10 wherein said radio resource
manager residing at said individual node computes a plurality of route quality

parameters for a corresponding plurality of route alternatives.

19. A system according to claim 18 wherein said radio resource
manager provides said plurality of route quality parameters to an individual mobile
station connected to the base station functionality co-located with said radio resource

manager.

20. A system according to claim 19 wherein said individual mobile
station is operative, when in a mode in which it is its own decision to which unit having
base station functionality it is to be connected, to make said decision based at least in

part on said plurality of route quality parameters.

21. A system according to claim 6 wherein said information obtained
from said co-located mobile station functionality includes said at least one measurement

itself.



wherein the first radi o manager conprises: a radi o resource manager; and
functionality for receiving information from and sending information to,

ot her radwo 20ame@8s, respectively co-located wth ot hePCrauimyoiase
stations, and for using the information to determ ne whether to reject at

| east one nobile station seeking to be served by an individual base station
associated with the individual co-Ilocated4adio manager . 36. A
system according to claim35 wherein said information conprises information
regarding qualities of respective connections of respectively co-Ilocated
radi o managers Dack Aosystem saoelingtovolkmidswherein shidl infgrmatomeditaiued jrom

co-located radio na ers via.a selected one, of: a static base
Station frif SrgeaREse agomBncioRalEY ideeh Fomat deash pnmepshieray &1 at
net wor K;  af3dst one chara@ef i J19a0356 24timn capabl e of providing service to
the individual radio nanager's co-located nobile device. 45 37. A

system according to claim 35 wherein said information re quality of its own
connecti on back,{o the core network i rovi ded its own cp-lpocated

nobi | e stati on. 23 38 ALY A%° @grgﬁ r‘fgal?‘o%l g?nﬁgegg S\ﬂﬁjgr‘%t?)ﬁm%t e

i nfornmati ogbthined UEHS dalf @6NNEdak@NbaRe Sthas Ehindioahlityyinslided saidhar ldagsene
stations are able to provide nobile stations in the vicinity of the

i ndi vi dual meesureseentt étself.adi o manager and which is provided by reports
generated by said nobile stations in said vicinity. 39. A system
according to claim35 wherein said information re quality of service

avail abl e from24.s oansybaseacsdbdingoo daim §robelhen Stwiteroths informéteonvinciudes y of

t he individual co-lqcated radio nanager is provided by its own co-|ocated
nobi | e st at FORNR metric.

25. A system according to claim 1 in which an individual mobile station is
connected to an individual base station functionality and wherein a decision to transfer
said individual mobile station away from said individual base station functionality is

made by a resource manager co-located with said individual base station functionality.

26. A system according to claim 1 and also comprising a cellular network
including a core device, at least one static base station, and a population of mobile

stations communicating via antennae with at least one of the base stations.

27. A system according to claim 26 and also comprising a relay network

manager (DisNetRM) located at a static network core device.

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

individual moving relay.

29. A system according to claim 1 operative in conjunction with a cellular
network including a core device, at least one static base station, and a population of

mobile stations communicating via antennae with at least one of the base stations,



40. A system according to claim35 wherein said other radi o manager is
operative to conpute, for at |east one individual nobile station, route
conpar i somoi2nfigae@8i on i ncluding a plurality of routes @CThaXe1/840896 ons vi a
whi ch the individual nobile station can communicate with the core network
and at | east one parameter characterizing %he relative quality of each of
said routes and to comunicate to said indPvidual mobile station
information indicative of said route conparison infornmation and wherein
said individual nobile station is operative to select a base station to be
connect ed to atwheast fgraattleast lbas eublole staion funétaonatityi mnati leakt eat individbalksai d
route conpari.son jinforpmation. 41.. A system according t cga'n140
wher ei n sanavipE reAEt @F‘{mf"élt B&%‘g’dhﬁfpl@ﬁe ééﬂi)ﬂ iﬁﬁ%&ﬁog'%lﬁy\fgw ,Sesg%‘f slg %hi%:ns
whi ch togefligy, conpose a route, each section having its own SNR val ue.

42. A system according to claim40 wherein said paraneter characteri zing
route quality is a conbination of neasured qualities of route sections and

fluctuations t epf such that. route secfians .wth,l. flyctaiat i
qual ity measure H$s$§%@1&ﬁggpﬁgd(Hﬁ%u?ofPﬁg??nu%%%é@%%ﬁ%%??”ﬂg}%?f%ﬂp
43. A syst&@hageed, & Agedsible tadnly 3subreesPiaid aidid @asdgessne i ndi vi dual

co-l ocated radi o manager includes a nobile-to-nobile direct conmunication
facilitation functionality operative to provide direct conmmunication, not

requi ring sailc gore RS coBRNER L AP] WiRldd ka8 infRiaiBn I8MEAES ik Sal d

i ndi vidual radi©o nmanager's vicinity. 7. system according to claim
35 wher ei ninfaimdtionvharactbiddeg sttlaist one ofsnéd sadio linksi | ence period during which
it refrains fromtransmtting to its own co-located nobile station.

45. A system according to claim44 wherein at | east one characteristic of

said silence pefjod is dyRagifer hecofheidchad 3B whbRilRH HE RSHIR St ON' S
co-|l ocated radi o manager. )

functionality co-located with said moving relay other than said individual moving relay,

said unit which has base station functionality also comprises a base station functionality

of a moving relay rather than a static base station, thereby to provide multi-hop

capability to said system.

33. A system according to claim 27 in which an individual mobile
station is connected to an individual base station functionality and wherein a decision to
transfer said individual mobile station away from said individual base station

functionality is made centrally by said relay network manager (DisNetRM).

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

static base stations.



46. A system according to claim45 wherein said characteristic conprises a
zone in which silence is observed which is defined over at |east one of a
frequencywband/@medsa ti me wi ndow. | 47. A system aecoatimgodoodsc! ai m 35
wherein said network conprises a tactical E-UTRAN.networKk. 48. A
system according to claim35 wherein if a nulti-hop comrunication route is
used, in which a relay Rthat is connecte@4t o the core network via anot her

relay A,
anchor.

relay R sends a nessage to a backhauling relay that Ris A's

49. A system according to claim35 wherein said static base

station is co-l¥tated witA smbbileocemdemicton network5Gystamsysparativeccir di ng
to claim 35 i i i - i i
wher.ei n agld hKSIC | .b gﬁng%pnne%tLon cggpﬁlses aqwg% g&?et

back- conneaygigtion y¥i

a core hetwork mclu core device an east one s

station, the system comprising:

a plurality of base stations; and

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

the base stations including at least one moving base station which communicates
via antennae with the mobile stations and includes base station functionality, a first
radio manager and mobile station functionality all co-located with the base station
functionality, the base station functionality having a physical back-connection to the
first radio manager, the first radio manager having a physical connection with the
mobile station 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-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.

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

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

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

manager’s co-located mobile device.



51. A system according to claim35 wherein said radi o resource nmanager
conpri ses an E-UTRAN radi o resource nmanager. 52. A nobile

comuni cawpaniwmweesr ki ng net hod conpri sing: Pr ovi @#cmgLz01t/erednet wor k
including a core device and at | east one static base station; a plurality
of base stations; and a popul ati on of nobil e stations conmunicating via
antennae with the base stations; the base %3t ati ons i ncluding at | east one
novi ng base station which communi cates via antennae with the nobile
stations and includes base station functionality, a first radi o manager and
nmobi | e station 3lncti onal At yystdnh acoerndogatedlant BS suiegeibawil snfarmagion re

functional ity, the b tati tional ity havi hysi cal
back- conneBtA OB 2R coieEtor Boskd i e PRt ey RIS ORfisadesetstyi ng

a physi cal mepigstiéen W th said nobile station functionality, the nobile
station functionality comunicating via antennae with at | east one .
sel ectabl e static base station, wherein said first radi o manager conpri ses

a radio resour cee manager ; Aand fung(tfciog éi Iy cia%% ggcgjhgieﬁ?i%g %ﬁhf%ﬁ from

and sending i nformation to,s%$13r adi'o®nmanagers, “respec y co-Tocated
wi t h ot heringhided thfbasiontretdhamssl qualty which dthérnighss dtatiohdheer abié it® prdvide
determ ne whether to reject at |east gne npbi]le station seeking to be
served by mAbilesrtersin) the Nty of the Andividyal en-logatgd radia éliadlagqrr@g Whigh &

manager. %ro.vided ?g %re%?@%h@r@e@%?%ﬁ@ Mobilestsldtks T Sad Wgﬁf?‘o n users are shown

a good | ocation A system accordin cl ai m 53 wherein
statistical neasurenents of a co-located M5 in each at | east one relay are

attached to location results of the relay and rein.said, systemincludes
at |east one r R%_}-havi ng a’f DHPlam REPTding i/%&[]mré‘\g%d’f%éelﬁrﬁ?‘q h‘ﬁ?”&’é{p&‘ % the
user | ocat yofiey ¥F §divigeachifdle from its owrPBaseAtAMAl BIMRGAL @B nOthe hvifity*S
wherei n the backhauling relay beconmes aware that another relay is connected

to it and ¢6f thesindivifhet cpllenatedt radioemanager \DprDidgdooy 69 SPATLe-1aated/ oopiboe 48
56. A systﬁglaccording to claim35 wherein said information includes
informatio ti“gbarding gqualities of other base stations' respective
connections back to the core network.

40. A system according to claim 35 wherein said other radio
manager is operative to compute, for at least one individual mobile station, route
comparison information including a plurality of routes of base stations via which the
individual mobile station can communicate with the core network and at least one
parameter characterizing the relative quality of each of said routes and to communicate
to said individual mobile station information indicative of said route comparison
information and wherein said individual mobile station is operative to select a base
station to be connected to at least partly based on said information indicative of said

route comparison information.

41. A system according to claim 40 wherein said parameter is based
upon a minimum SNR value, over sections which together compose a route, each

section having its own SNR value.

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

measurements are devalued due to their unpredictability.



57. A system according to claim35 wherein said information includes
information regarding quality of the first radi o nanager's novi ng base

stati on' swoanneameisn back to the core network. S58CTALRN $0@N96
according to claim 35 wherein said information includes information
regardi ng channel qualities which said first radi o nanager's own base
station, and base stations other than sai @first radio manager' s own base
station, are respectively able to provide, to nobile stations in the
vicinity of the first radi o manager. 59. A nethod according to claim
52 wherein said information includes information regarding qualities of

ot her base statjons' respective conngctions.bagk 1o the core network.
60. A nethod actordi ng toﬁcslyé'iem %“foﬁ%ﬁ i Elsagnd;%% Wh?r&nn%tlfﬂgﬁ oflﬁé?%glggal
i nformat i qR-loestad I maHAder xcledes bhBolile tdimb Bl dirdtBdAMnkatidh f20JitARHE

station's connection back to the core network. 61. A _nethod
accor di ng functidnalitn Spemative eonpryids dirtdr pemmyRicatien.udels reqwiRgwaido gore

regardi ng channel _gualities i sSak i . tO. r'§:;0

station, aﬂ’?aw%%(sé’es eaePi%r?gmgﬁﬁ'eégpph@#gs%k’%%%iés dr)élﬁ{éagrr%n%gleor ménggeg%base
station, af€initgspectively able to provide, to nobile stations in the
vicinity of the first radi o manager. 62. A conputer program product,
conprising a conputer usable medi um having a conputer readabl e program code
enbodi ed t herei said co I : : :
executed to inplenment any%%tﬁ%lj cgﬁg\ﬁ/\ﬁ tgr? I@gssg‘%%g%%ﬁgjlgleﬁ.ﬁg b%% Hion
A nobi | e cabseavas aadilence petiod rduriny stleoh o eafatinsy Goin tremsmpittingt fooits Wwwnhca:
net wor k iricl udci n% g core device, a plurality of base stations including at
| east one 18¢3{¢q POBUG Ut j on, and a popul ation of nobile stations

communi cating via antennae with at | east one of the base stations, the

system conpri si ng: at | east one noving base station included in said
plurality of bafe stAtdystem a¢rording denelaiincdt edersim ah trash aege chiradierisiie ¢fobi | e

stations and, i.ncl udes base station, functional,it a first radj er and
nobi | e st a?afdoﬂpeflﬁﬁgﬁl% Y (i%fr?méﬁuycdc?yf%etded" %/I\}etlﬁo}nﬁé bﬁ%esgetaté A ?%'rllr&%%
functi onal iy midagerase station functionality having a physical
back-connection to the first radio manager, the first radi o nanager having
a physical connection with the nobile station functionality, the nobile
station functiopality compuulealindoidy 3 ERAAAMBredtl shfePTharEristic
sel ect abl e base Station,

comprises a zone in which silence is observed which is defined over at least one of a

63.

frequency band and a time window.

47. A system according to claim 35 wherein said network comprises

a tactical E-UTRAN network.

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

relay R sends a message to a backhauling relay that R is A’s anchor.

49. A system according to claim 35 wherein said static base station is

co-located with said core device.

50. A system according to claim 35 wherein said physical back-

connection comprises an Ethernet back-connection.



wherein the first radi o manager conprises: a radi o resource manager; and
functionality for receiving information from and for sending information

t o, ot herwoadilme@Bagers, respectively co-located w th eCmar2moviong base
stations, and for using the information to determ ne whether to reject at

| east one nobile station seeking to be ser, ed by an individual base station
associ ated with the individual co-Ilocated yadio manager . 64. A
nobi | e conmmuni cati on network system operative in conjunction with a network
including a core device, a plurality of base stations including at |east
one static baseSktation, Ansystenpasedrdingote elaimphi [véherqint Jaish sadio riasmiresat i ng

via antennae with at the bhase stations, the systemconprisin
at | east OW%“%W%I’%S%@&Q?W FASAS TRARHCE Panasy pl ural i tg of basgp ¥
stations which conmuni cates via antennae with the nobile stations and

I ncl udes base station functlonallty, a first radi o manager and nobile
station functiodal i t4 mehil e@@mwaeaéwn\mewprm petBed GRMAPHIBREf unct i onal i ty,

the base stallop bl hQBRl hidhoD@Yhdid Lﬁ%a%% G@icD 3 of PG il Bald'e

first radi o manager, st ager having a physical connection
W th the nagtide aqﬂﬁml@mffhas@ t;taﬁmsl amy a pbbelatmb bf mobilatiations commimicating y
connunlcatlng via antennae with at | east one selugtablg base st at

wher ei n t heafpicapae with ghebase slationss ths basg statigny ing} et ALy ?’asean d

functi onal {ifyof %ch%?ﬁﬁ{bxﬁeatemﬁr AREARR WP M. ABEIS %ﬁbﬁ&aﬂd‘i&[ﬂ@& ibage t O,
other radio nanagers, respectively co-located with other noving base

st ati ons, station functionality, a first radio manager and mobile station functionality all co-
located with said base station functionality, the base station functionality having a
physical back-connection to the first radio manager, the first radio manager having a
physical connection with said mobile station functionality, the mobile station
functionality communicating via antennae with at least one selectable static base étation,
wherein said first radio manager comprises a radio resource manager; and functionality
for receiving information from, and sending information to, other radio managers,
respectively co-located with other moving base stations; and
using said information to determine whether to reject at least one mobile station

seeking to be served by an individual base station associated with said first radio

manager.

53. A system according to claim 35 wherein users are shown a good location
for QGR.

54. A system according to claim 53 wherein statistical measurements of a

co-located MS in each at least one relay are attached to location results of the relay and
wherein said system includes at least one rRM having a functionality that computes and

indicates to the user locations with good QGC.

55. A system according to claim 48 wherein the backhauling relay becomes

aware that another relay is connected to it and finds a good place to remain.



wherein at | east one radi o manager is operative to conpute, for at |east
one i ndividual noving base station, route conparison information including
a plural iwg20fi/mvea8es of base stations via which the ineCvilbzal/owoss ng base
station can conmunicate with the core network and at | east one paraneter
characterizing the relative quality of eag? of said routes and wherein said
i ndi vi dual noving base station connects to  a serving base station sel ected
at least partly based on information indicative of said route conparison
i nformation. 65. A system according to claim®63 wherein said nobile
station seeki ngét o bé systewedcicoydingi th ichdmy 32 ueherbiassnid tinfoarmatiomdneludes a

bi | t t b d d di I
6. A sysCEIFPRRRY Eraty e Aot ren A et neuny OV Rt led BB,

co- | ocat edpMedB nkfforkndi vi dual co- Iocat ed radl o] manager. 67. A
system according to claim®63 wherein said individual base station is served
by the individual co-located radio manager. 68. A system accordi ng

to claim63 wh in ga | it raf ' a
base station ot 7§r t%a%gsg?%gédrgﬂgi{ alugla %&ﬁo vﬁ{o}:ﬁaﬁ@ qrr%(gﬂé&&

sui t abl e tihfotmaabrl reguildi\ngdqtﬁlht)b@f ahst dirsoradio matager sancd/img)lﬁahce seatianhison
seeking to be served. . A systemaccording to claim63 wherein at
| east one qo&ﬂ?“éloﬁﬁ’ﬁ%&thi?@@ﬁ@mrkve to conpute, for at least one

i ndi vidual noving base station, route conparison information including a
plurality of routes of base stations via which the individual noving base
station can comffunAcaysemi atrordieg clor elawmt WOr khereth ssaid dsformaiien pagludast er

information regarding channel qualities which said first radio manager’s own base
station, and base stations other than said first radio manager’s own base station, are

respectively able to provide, to mobile stations in the vicinity of the first radio manager.

59. A method according to claim 52 wherein said information includes
information regarding qualities of other base stations’ respective connections back to

the core network.

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

connection back to the core network.

61. A method according to claim 52 wherein said information includes
information regarding channel qualities which said first radio manager’s own base
station, and base stations other than said first radio manager’s own base station, are

respectively able to provide, to mobile stations in the vicinity of the first radio manager.

62. A computer program product, comprising a computer usable medium having
a computer readable program code embodied therein, said computer readable program

code adapted to be executed to implement any method shown and described herein.



51 characterizing the relative quality of each of said routes and wherein
sai d individual noving base station connects to a serving base station
sel ect ed WO 2beA®R69gart |y based on information indicativeCofiLmal/dongut e
conparison i nformation. 70. A system according to claim64 wherein
each said other radi o manager is operativg to conmpute, for at |east one
i ndi vidual nobile station, route conparis A i nformation incl udi ng a
plurality of routes of base stations via which the individual nobile
station can conmunicate with the core network and at | east one paraneter
characterizing 6he rel ati e mohilé t gommusaationf nstwatkr mysiem apperative in
comuni cate to said indivi dual{ lgltﬁpile station informati.on i (gi cative of

[ I

sai d rout “CHRFEPR SEHN | 5L udifg e 9eviss & PRERNY otfaPasto BiRHEns
station iSineRAfR! i 9eds? &Rl SfticAbRRS Srafib@l bAD 4 PopalaGeANSL heshileO s@tionseast
partly based on said information indicative of said route conparison

i nf or mat i ospmmunicating7 via Antepsaceyitle @orlgasigoneo of | e nb®ag siadens; rthe Hysterdi o
manager conputes said route conparison information for an individual noving
base stati B RBERRd t her eby whose nobile station functionality is

comuni cati ng i4t léddt 6ndACing\Hage satieiimeluded ihsad plheality of basesstdtiont alhich base
station. 72. A system according to.claim®64 wherein the radio
manager coffSURBRICAE (Vig captennas nyihi By mabils: satiors, and - ngluydsy i hage ption
station c C | ' ' : ' ' :
communi cat oot 19SFi mehAR? P B e S oh ndéEh Ao vl
base st atitha. base station/ finchosalisy,ethee daso stdtion foretiohaityn havirgnal phyacaiback-he

i ndi vi dual novi ng base ation canps on sel.vi ngn base statio s.ellect ed

saiL d
at | east pRPSidBadiedrsardie (ROPRG: ((Df WALFALL | DERSET Dgvire, b e SIca
conpari songnRbQIoiBWiNthe mobile Statioft ANEHGHALAL COAE MhbBild Qtafibi! fhdilordle)
wherein the individual noving base station is handed over to said serving
base st at | cmehiedingdviaanterastwithattlEast pagsealectablebisd statibor mat i on i ndi cati ve
of said route coggari on. i nf 9 mat i on, H?Z. os: 75. A system according to
claim 63 and al ¥8TEBHPY iEFHEYR TRHPETIRMREEEnd wherein the core device
al | ocat es const apldicRIYLIEE fRhagdn, H@SSi on bandw dt h bet ween each nobil e
station functionality and the base station with which it_is_ conmmunicating

so as to maint afunctonabis famteceizing, alommasion iraBnathiferatandingriometorden
mobile st a&th@ﬁaﬁfﬁnﬁﬁh%é?sl, Irés%e@[ﬂ%l)l 881Ra%R8 vﬁ%gmgmeVmg base stations, and for

using the information to determine whether to reject at least one mobile station seeking

O
Q

to be served by an individual base station associated with the individual co-located

radio manager.

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

at least one moving base station included in said plurality of base stations which
communicates via antennae with the mobile stations and includes base station
functionality, a first radio manager and mobile station functionality all co-located with
the base station functionality, the base station functionality having a physical back-
connection to the first radio manager, the first radio manager having a physical
connection with the mobile station functionality, the mobile station functionality

communicating via antennae with at least one selectable base station,



76. A system according to claim64 and al so conprising a core device and
wherein the core device allocates constant communi cati on session bandw dth
bet ween esiohlonmioedse station functionality and the base ®CaRTLIN1/M0D¥ Whi ch
it is comunicating so as to naintain a constant active node of

comuni cati on between each nobile station Buncti onality and the base
station. 77. A nobile communi cati or¥net wor k system serving a

popul ati on of nobile stations comrunicating via antennae with base
stations, the systemi ncl uding: a plurality of base stations

i ncl udi ng at | ewb¢reimrtbe irsttradiobsamget @mmisesind at | east one novi ng base
station which co ni cates via antennae with the nobile stations and

i ncl udes base s? %ﬁ‘?”‘ﬁﬁ%%ﬁfﬁ“@, a first radi o manager and nobile
station functi ofgbiidnali) for('recélﬂﬁgtiﬂ@rrﬁbﬁdh 68, Bi® Serfliid ind6rmiatiog ttb,0stabr t Y,
the base station functionality having a physi cal back-connection to the
first radinadieemanpgers, tehpectivelyicorlaehites yrith ather moxinghpsasighgns cal connecti on
with the nobile tatron nctlo alit f

communi cati ng vVa8TEH & lﬁgsg Wit 1% é)tan%%e%q §3F§55£H38%3y§§ g’tgrgl[g# and
a core devin@RidMal efovild BaetseRiof0 RAi@ BdmPLHITH Nhfoainaton Secdsding alpduwdlitydsh

bet ween each nobile station functionality and the base station with which
it is conmontesnfibase satiens via whighthsipdiyidughmoxpe bese splongaR communicate
conmuni cat i

station. Wif ﬂ?ee%(ﬁ@q% s&g}ig?nndgé%:agtr glrgﬁgértg%e{? gﬁ%@% g)r‘%(?gl@astg{ad l%? %gcr)f base
st ati ons ieénchusfesaid Irmhas and tvelier€cin ssaad dmdjvidual ombeing drase statiog mndctsrﬁmang
base station and said. cor ia which r sai d core serves i d. movi ng
base st at | §RVINg Base station Se%tegﬂt legstinartly, ?358389 OFBatbq“a‘Pﬁt catyv eslabq Wi d
ot her basec(ﬁ,ltl SO frbckigde all base stations along a route connecting said
novi ng base atron and said core, via which route said core serves said
novi ng base statl on. 80. A system accordi ng to claim®64 wherein said
information inc desrnformatron regar di nael .qual i i.C i

first radio naniyer's own b%&n%taﬁf(?t goga séc;ge&h |ons'tsal(§ts"h\gr]lt at?f)%s
first radi @cRMBAE®BE ssrveibyharkindivthiadBascanionasgiaats ¥ alopilebiation eupemisi de

to nobile stations in the vicinity of the first radio manager. 8lL. A
syst em acchaing spyvedobycsaid mdeadyahbasei satioR d functionality is operative for
detecting the quality of each end-user section and the quality of each
backhaul i ng section according to nobile stations' and nobile station
finctionalities' nmeasurements and for conbining said qualities into qual ity
grade results for a current route and. f or Iter at ve. routes fﬁch@? | east

one nobile statf®n. A gystem agoording, toc wherein spifh g4, ei n
sai d qual 'ttxﬁ&ri@(és-w&%éttJvﬁhﬁreeutatmﬂﬁ%toéa@ed%dtﬁﬁétag&ne mobi | e stations.

67. A system according to claim 63 wherein said individual base

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

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

served.

69. A system according to claim 63 wherein at least one radio manager is
operative to compute, for at least one individual moving base station, route comparison
information including a plurality of routes of base stations via which the individual

moving base station can communicate with the core network and at least one parameter



83. A system according to claim81 wherein at |east one handover deci sion,
to hand over a node from one base station to another, is made by taking

i nt o accowmot2piifioesvat | east one alternative route, the gralriiLyigv@ds resul t
of access and backhaul i ng secti ons. 84. A system according to claim
81 wherein at | east one cell adm ssion degision is nmade by taking into
account, for at |east one alternative rougie, the quality grade result of
access and backhaul i ng sections. 85. A system according to claim81
wherein at |east one cell reselection decision is made by taking into
account, fdmaraaterizagsthe anlatis¢ gealitat ofveach eftsajd tdwtesgarsll wheregy said individial of

d_backhaul i tions. WD.2011/092698PCT/ 1L2011/ 000096 54
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station f UREH ARG indi@five BEASFRABESpdriich UEBmRSOR. 87. A system
according to claim81 wherein said nobile stations' and nobile station
functionalities' neasurenents include RSRI. 88. A system accordi ng

to claim8l wh in gaid nmobila. statj : mobiil e L an: .

functionaliti egiogneaéﬁ?'seﬁ%rﬁcgorlglﬁl It§ ig&ﬂ?ﬁd_ﬁ?gexﬂ%%ﬂ %é&%%*sga@{"e?‘n”%a cor di ng

to clai m Ghendtiee ebncsragite, fdi &4 RAGGR! indsdualeasbile Baribs, foutimcainphisst one

ot her radi o manager over a sub-network, and at | east one of RSRP igs | and
YigHa

RSRQ neas lup@rrr@mx@n inchding 2 RIEAitH 8 rewics OF baze pgtarsedanybich dhs indi
unctiona Iln&ylleggr.gtl%x R o ALdtO it PheP¥ ﬂgidnn%vgﬁp m%lgdr LESOMT sﬁee E@g@mnt S

tabl e. system according to c el n at ne of
sai d nmeaswharmeterizingsthdirslativé quality byf dach adcasl rouessagetot gopentmcat Ito rsadi o
ranagers. individual mobile station information indicative of said route comparison information
and wherein said individual mobile station is operative to select a base station to be
connected to at least partly based on said information indicative of said route

comparison information.

71. A system according to claim 64 wherein the radio manager computes
said route comparison information for an individual moving base station served thereby
whose mobile station functionality is communicating in idle mode, via antenna, with at

least one selectable base station.

72. A system according to claim 64 wherein the radio manager computes
said route comparison information for a moving base station co-located therewith whose
mobile station functionality is co'fnmunicating in active mode, via antenna, with at least

one selectable base station.

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

information indicative of said route comparison information.

74. A system according to claim 72 and wherein the individual moving base
station is handed over to said serving base station selected at least partly based on said

information indicative of said route comparison information.



91. A system according to claim8l wherein the QCR of all alternative
routes is distributed to nobile stations using a broadcast nessage.

92. A syswormHowordi ng to claim9l wherein the broadcasPCTmeyguag®osel ati ng
to each individual base station is sent to all nobile stations canping on
sai d individual base station. 93. A system according to claim64
wherein said i nfornation includes informabon regardi ng qualities of other
base stations' respective connections back to the core network. 55

95. A system according to claim63 wherein at | east one radi o nanager
"masquer ades” as a base station by sending a request to a nobile station
functionality to execute an NVR_neasurenment. . A syst&nlaccording

96
to claim63 vvh_e?Sei n éefﬁ’ﬁeinn‘?cﬁf’ § bhe'at 100 fed “ﬁ?f PRI YN 2 B Vi Wual i ty
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served by each base station capable of serving the first radi o manager's

mobi | e st atachmdhilecstdtiondiindtionality and tig7basa statiop wrigr whichgt éneqemunicating

conprising a conputer usabl e nedi umhaving a conmputer readabl e .program code
enbodi ed i9ddD AALENG DONBHL ATV ERIE0N SR NPE U R T DRI
execut ed t@ntabHaBRENG BRYbabEithish. shown and described herein.

76. A system according to claim 64 and also comprising a core device and
wherein the core device allocates constant communication session bandwidth between
each mobile station functionality and the base station with which it is communicating
so as to maintain a constant active mode of communication between each mobile station

functionality and the base station.

77. A mobile communication network system serving a population of mobile
stations communicating via antennae with base stations, the system including:

a plurality of base stations including at least one static base station and at least
one moving base station which communicates via antennae with the mobile stations and
includes base station functionality, a first radio manager and mobile station
functionality all co-located with the base station functionality, the base station
functionality having a physical back-connection to the first radio manager, the first
radio manager having a physical connection with the mobile station functionality, the »
mobile station functionality communicating via antennae with at least one selectable
base station; and |

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

each mobile station functionality and the base station.

78. A system according to claim 56 wherein said other base stations include
all base stations along a route connecting said moving base station and said core, via

which route said core serves said moving base station.
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79. A system according to claim 77 wherein said other base stations include
all base stations along a route connecting said moving base station and said core, via

which route said core serves said moving base station.

80. A system according to claim 64 wherein said information includes
information regarding channel qualities which said first radio manager’s own base
station, and base stations other than said first radio manager’s own base station, are

respectively able to provide, to mobile stations in the vicinity of the first radio manager.

81. A system according to claim 63 wherein said functionality is operative
for detecting the quality of each end-user section and the quality of each backhauling
section according to mobile stations’ and mobile station functionalities’ measurements
and for combining said qualities into quality grade results for a current fbute and for

alternative routes for at least one mobile station.

82. A system according to claim 81 and wherein said quality grade results

are broadcast to at least one mobile stations.

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

sections.

84. A system according to claim 81 wherein at least one cell admission
decision is made by taking into account, for at least one alternative route, the quality

grade result of access and backhauling sections.

85. A system according to claim 81 wherein at least one cell reselection
decision is made by taking into account, for at least one alternative route, the quality

grade result of access and backhauling sections.
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86. A system according to claim 81 wherein said mobile stations’ and mobile

station functionalities’ measurements include RSRP.

87. A system according to claim 81 wherein said mobile stations’ and mobile

station functionalities’ measurements include RSRI.

88. A system according to claim 81 wherein said mobile stations’ and mobile

station functionalities’ measurements include RSRQ.

89. A system according to claim 63 wherein each radio manager uses
measurements from at least one other radio manager over a sub-network, and at least
one of RSRP, RSRI and RSRQ measurements from at least one of its co-located mobile

station functionality and a mobile station, to build a radio resource measurements table.

90. A system according to claim 89 wherein at least one of said

measurements is distributed by broadcast message type to all radio managers.

91. A system according to claim 81 wherein the QGR of all alternative

routes is distributed to mobile stations using a broadcast message.

92. A system-according to claim 91 wherein the broadcast message relating
to each individual base station is sent to all mobile stations camping on said individual

base station.

93. A system according to claim 64 wherein said information includes
information regarding qualities of other base stations’ respective connections back to

the core network.

94. A system according to claim 63 wherein said information is transmitted

between “colleague” radio managers via radio.
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95. A system according to claim 63 wherein at least one radio manager
“masquerades” as a base station by sending a requeét to a mobile station functionality to

execute an NMR measurement.

96. A system according to claim 63 wherein said information includes
information regarding quality at which the first radio manager’s mobile station
functionality would be served by each base station capable of serving the first radio

manager’s mobile station functionality.

97. A computer program product, comprising a computer usable medium having
a computer readable program code embodied therein, said computer readable program

code adapted to be executed to implement any method shown and described herein.



