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Priority is claimed from Israel Application No. 203568, filed 28 January

2010and from Israel Application No. 206455 filed on June 17, 2010,

10 FIELD OF THE INVENTION

The present invention relates to mobile communication networks and in

particular to cellular communication networks.

BACKGROUND OF THE INVENTION
15
Many mobile communication networks are known, including 4G networks.
“mobile ad hoc network”™ (MANET) technology 1s 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,
200 “SNR/RP aware Routing Algorithm Cross — Layer Design for MANET” (ITWMN, 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.
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approach which may be based on the E-UTRAN standard and that inplenments a
5wi rel ess backhaul solution via a nobile relay |ayer which dynamcally
alters its connectivity to keep itself synchronized with the nobile
stations. Certain enbodi nents of the present invention seek to
provide a cellular conmmunication networkyin which there are nobile

communi cati on devices, a stationary core and typically at |east one .
stationary base station, and at | east one nobile base 10 station. The
nobi | 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,
in back of themand so on, in a series of hops, back to the core.

Certai n StbhdMARNMIQFJdEk INVENIIN¥e nobil e base stations each having a
"nmobi | e tel ephone functionality" (other than input/output such as dialing
and ringi ng) Cegaigrembodifpeh ok Aatnerehal P e nHepseek topiavidengbintenisdsée st ati on
as to ""“%pl%i‘c%e whid! LolSHd tba&geén the E.U rl‘&agt@u‘a%frob%ﬂ& TR §inS8RK, L O POV de
a radio nager on (co-located wt 3 a nobi |l e base station comuni cating

vi a radi enmidsh Backhdubagleionr adi ® melnkgerisy dayot Wwaichnmohidnecdibseltat aitd ons.

20Certain enbodi ments seek to provide use of . the.information provided by
t he abovémﬁﬁﬁﬁﬂﬁﬁ€gFF%H“ﬁéﬂﬁﬁ@gn@ﬁ%FWBGﬁ%FPgH?S@BO@% to enabl e an

i ndi vi dual m@eﬁ%nb@z%gocﬁﬁﬁh@soﬁf bR dekefmmenmhiethar o tyrahaul # aegapt nmobile

conmmruni cation devices which turn to it, or whether it should reject them

because te¢miomowstitrheygtwosknindehiblethtees ag|rs@wlsercensim caionhisvioasli avitduakoymobi | e

base station_is, currently poorly..connected back to the core r _not
connect et "ae i POLEHEL I EERE PHHERR B5hoS a8 ariDat M eisereBie Bihect eq.
I'n comt r astion. I TheGABY BNAsO R oSY Str@B el tdeNT ofMihd Mgwbadsaich tthdtitihost he base
station, being stationary, is always connected back to the core. Certain

embodi nefEEnsBER!E YeHEpSpRakA0 SgEstsERePbMetHs B siagnE Y EnUTRANS fetwor k
(e, i Aol bk n ot on, e svstem compr i ng
E- UTRAN base 6tatihombeddSknts arcek- 0T RAN deobidbéle shati oatidns Makchahd/ig laocal
radio r’ra‘r)g%e ei?c?t%ephone functionality” (other than input/output such as dialing and ringing)

15 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.

20 Certain embodiments seek to provide use of the information provided by the
above communication network configuration, 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 11 knows they can do better elsewhere
since the individual mobile base station is currently poorly connected back to the core

25 or not connected at all, whereas other mobile base stations are better connected. In
contrast, in conventional systerns 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

30 plurality of mobile relays (mRS), each accommodating a typically small E-UTRAN
base station (rBS), an E-UTRAN mobile station (rMS) and a local radio management

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



unit (rRM having a standard E- UTRAN conmmuni cation | ayer whi ch conmuni cat es
with its co-located nobile station (rM5) and its co-located base station
(rBS) in order to gather channel quality information characterizing at

| east one and preferably all nobile stations connected to the co-I|ocated
base station and al so the neasurenents of its own co-|ocated nobile
station. The | ocal radi o nmanagenent unit typically also includes an 5

i n-band rulti-hop backhauling ftnctionality which may repl ace conventi onal

general ly.proprietary decision | rs.i.n th - - i t he
ahannol | JaBr PR BrAGT ReETRH0Y G RETeRarE ohoBr i TR R R g

st ati ons gather chank@Iquality igfbeliBiHasacodriziieatpeas ent ahdyeiidraioly afleekbiteo
provide a tactical conmunication network V\hgsﬁfg@itﬁf rastructure is on the
nmove, typlRBes §PIRGHChEHSBE corocHe baspisiatan 8 %%FLF%"“FWN@']{)S own

ar chi t ecw.@&a%eﬁ%oﬁﬁhgtm&ﬁ THENHZP M) nt PR WMIEKSi SR RIHAAQU st her
serves as a subscriber termnal or as a relay betwéen two nodes that do not
have £onmekdnidwirtlyi-haporachmuting folciosilgy odlithuhay rapledd twotuiraal genawhiveh base

stations are not designed far an nt,. . nstead, only.the nobile
subscr i bBE R gﬁi}@lﬁ’ge' ! @gyﬁﬁ%ﬁgﬁl %M&n\ﬁmﬁ@ll{s?-tﬁ%)& Ié’?ﬁ%h%lg,léyng

functi onglghddatigRYo RRoGRRNASHI NS tABneRNBMES JtatiaRi ty due to terrain or other
interferences by creating new alternative routes to replace routes that are

dr opped due t betidnr airhodmenthal hotireiit AUsTHONnbEks &r PHeede st each
new al t ef DAL NR L QUhGWAE WSS i B SRELLRANSREE WRCRL DG, SRANSSI LIRRId:C
station and nobilTe relay it 1s connected to, and a b aul1ng section,
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qual ity GONASGHE %gvé QoliPEHGR), ol @WRE Kelassic cellular al@GkbGA] 16 QPATBNbLERL | on
networks, 1 n whi ¢ch entire nefwork infrastructures are nobi | e, have adopted
MANET t ecthiiolsoge est duggitcd foheny aotvetdvat [nhdiesd, enybile walsiiesubseibasharei ng of
data and attain greater situation awareness. A "nmobil e ad hoc

net wor k" {AVERET) M°¢“an aut ononous system of nobile routers connected by

Wi re{ess |inkspe ThBalOMLET-BoRb&ihh@8) L AnbBME ARGy o@ndi\er Gaha:e

t hensel ves arbitrarily; thus the network's wrel ess toPoI ogy may change
rapi dly amduitipdedictatiiy or pdeh inedercaesshyasteatipyupey AeHali WG @at a
packets for other nodes. A o, t S Ent i may be
dr opped Iiﬂigw? JOTER Elaa[ oy r@iprpfe gr%ﬁ?@ %?rgtgll ?rg}%y“‘ee%}e“t?%@e“%%@ r%%%ee}lﬂltl)cg)giond t he
range of wather cnpdesy alibeheforaute Sudhdaet wartlonsbabiti the bsl-centhohikl |y
stressed as nodes drop in and out of the mesh. Cert al n.egr;%odi ment s
of the pfes@nend mebie iTelsy ddEpEOREETRAN Fing Parkhgrling sedotr BB HIECh t her e
are r _ e statd: L hald : ' [ QNS Wi th
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5 MANET topol ogy, .in whi ngt he Fnti re network i s nobil.e, and connections
bet ween HoBFIESTYHER PRXK e SEEI PASPRFY OanY Mifor et &bl v, and in which

net wor k st abi & &¥.1 SoeQnhicRd] hatwo e $5 8%hi@s end et RPinkBstARdr@kre0f the
mesh, certain enbodi nents of the present invention are based on a

cent r al | metlilappmveasipaddViiel Assbnpioizon dusate theefapailisedhgyaenabdf cesi® net wor k

(101)5 i s stabl e T08 LehY Y §huddd%vat Sl ocated in between the

A “mobile ad hoc network™ (MANET) is an autonomous system of mobile
routers connected by wireless links. The routers are free to move randomly and organize
themselves arbitrarily; thus the network’s wireless topology may change rapidly and
unpredictably. Each node acts as a router, forwarding data packets for other nodes. As

30  the nodes move, point to point link may be dropped due to terrain interference or simply
because they move beyond the range of other nodes. Therefore, such network stability is

continually stressed as nodes drop in and out of the mesh.



10 network side in which there are standard fi xed base stations, and the
access side, where there are standard nobile stations (UE/MS layer). In
order to communicate with standard base stations (sBS) on one side, and
standard nobile stations (MsSs) on the other side, the nobile relay |ayer
has inplenmented, in this E-UTRAN network; in-band nulti hop nobile
backhauling in which it acts as nobile stations toward the static base 15
stations (BSs) and as base stations toward the nobile stations (NBS) as

depicted in Fi . and F| thi s _approa h

net wor k remai n QIF%Té¥W§gI9mé?égdyw ?ﬁ@mﬁ ﬁﬁ?gﬁ?%lt%FB qfﬁt?%ﬁﬂ 1& fs
central apdidepentswhehhas atdhgerihXed bagtadihieshshaserst atil-@Rswand, fikel r el ay
layer. In this case, even if one of the relay nodes is dropped down due to

terrain i9vedptsereRcas b@ﬁ@%@ﬁe@fn] sl lEnpsbHedpdbw e cligeruchiE | (I%@O)t he
MANET, %9111%51*1? éx?)eotl E%hacfeam L 9(]'0&&13 .teS AL AR, ar ?19 £ [B}PIE\WW Iﬁ&)trm%;

Iocated inas ernanent ocation. Even i a node 1s drop e§ down,
traffic h&&ﬁ&ﬁhb@ubgﬂ mhwbmghh©EMEtzme$ay190ﬂ®skalmmgcmnmbm@mdkﬂweﬁﬁse

stations t t he core network : Cer t.ai nmbodi of . the
o esent THULBEPSH PRoVBE: HRHLOANBHIPREERBHS Tt WbHbPHS R Centibaid sed
appr oach c§dtMuhihe sSQERI REANRE l@}o;anda@ Sit S hd s RPRIOBEILAMBts 4P fche rel ay
network) into one solution Managenment net hods for standard cellul ar

conmuni caeset imeniwor ks bapal mw@é@bmmwa@felahdl Itheer asg TP Tbatttb@ nalsl;aylst ens
are based St | ocat OV|de
19 of l%lac “ﬂft‘{,WOaIE é?&]ﬁl ble rc? I%P/% @0@2 oca‘t"eE ](?h cﬁ\gg

Optl mal om"rum catl on I ons an atl on is

usualdy hecatieddé m ahpariasant st@icﬁﬁ:ﬁ‘fi@irba@e Istmgn@and gk {oredtshte, w&@reyear s),
and t hus backhaullng to the base station is fixed and can enploy El Iines,

fiber or s rBwaRRAT nRebilgusiaEant AHREED ke bk rderatd 6ARITGIake Wélbr e
net wor k. %thﬁha%fﬁgset Qtﬁ&%lg/ﬁﬁ%t){floﬂﬁ el R i‘é&nﬁ&ﬁ&%% Ei%ub’;@ émsmncﬁm' s the
t, is I romo

user han , | '@ net wor enent t at nov ne pl ace
t 0 anot hethgr add thdmohid woaklasdrduk ohnf;»bkdeoWdt hethuserUJT RlAbfldiﬂWOIﬁ{Qmplﬁam‘dl de

connecti vi and C nlcatlo servi ces. such a stapdard
cell ul armHEY Wt wogﬁﬁg i S B@F“raétr’é(’hd}?o“féfﬁﬁ’ls twaréf’»h%éfﬁw E&Cshoul d
be naj nt ai,ned.(BESGMI0Ls8BSe Qﬁtl&ﬂ%\%%rtb@nﬂS‘Bhb|slart1)5né"{1\t{§é)naqtd&&c&%vﬁrE@Qe ar ea.
51n wireless systens appropri ate handover, which is one of

fundanent@wiH@ﬁﬂﬂebﬁﬁmﬂ&ﬂﬁ@ﬂﬁsﬂmﬁ9QMQgMOﬁﬁwenﬁwwﬁldegnmedaUBQYSEedyalnance.
The handoyver execution,is t ere user., feedba asurenent
reports ﬂ%f%?wﬁﬁ@§b9pﬂ%dﬁ%%§kH%&“ﬁﬁ% I%?E%gh?nf@%ﬁéagﬁaﬁ%%g%Fenents

and evendisiots $0d i@l 1€t B tMRlch @y %v&ﬁtf@ﬁ@ bf g% 0fayhBNEON &FSHpeli Holvs
|nportant t hat user gﬁallt is maintained after the handover, to avoid 10a
A

pi ng pody lodekas tintcapgnpssnihe oiiect emsiogidl daveg hessbes anble kictWANEdover
pr oc[rqg MB2: netw Mr)gs' lgmsatl 3Ld %'wﬁ%@ﬁ ggﬁeﬂ%t%o'f@ythae ag, LAkl Qg o lel aEd UTRAN

t he | 1 OWi ng Tk nai measir enents are specitied

primari |plc1zfn€m|ienlﬂtbiahblﬁ WveRef enakce d@p@b@ﬁoweqeame@t newerul §RERM)eh other
Ref erence synbol received quality (RSRQ . RSRQ = RSRP/carner RSSI 15E- UTRA
Carri er R@gnodes #ﬁ%W@hﬁtd&ﬁaaﬁwcﬁ%w%“rf’é‘ﬁtcgr%f@éw‘ﬁérfor med by the Mbile

Station (M), C\éﬁélﬁhelﬁ%cfutﬂ@ntg olfﬂzgﬁ ?%Ql'ltl }%VEI?J(Q} belv; &nf@ﬁgnpﬁlelthogg a cell

speci fic known pilot sequence c ference sy&% E-UTRA carrier
RSSI i s thetasurbac: owetratihel aptiace (iwdhe ¢@r ;ncﬁWorl\baltdl”r—:edmlmrfDaied rpp@kviedn power
and Noi sg. LM ALbnG b Snl kGhSdi ng serving
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,
30 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, 1s the only mobile network



20 cells) on the sane canter, or other carriers, as has been defined in the
LTE Advanced, in which several conponent carriers may be used. The two

ref erence synbol - based neasurenments (RSRP and RSRQ) are preferably used for
nobi l ity deci sions. In general ternms RSRP and RSRQ can be regarded as
"signal strength' type and 'signal qualidy' type neasurenents respectively.
In WCDVA, CPICH RSCP and CPICH 25 Ec/No are the correspondi ng 'signal
strength' and 'signal quality' measurenents respectively. In other words

E- UTRAN P : 3 r t ar WERNA, and
CPI CH Ec 16@2&%ﬁ5§§%%?§%§g§3e0tf@g jﬁmAgﬁ#ﬂ&%%%Ek%f‘,n mé%%&qyﬁgg%EICH
Ec/ No i siit dréertatpraidd cddBECHTRSEP ¢l ecodifRMicarani servilR8S| . 30The nei ghbor cel |
measurenents are typically averaged over a long time period in the order of
200 nms or even longer tqg filter out the effect of snall scale fadin

Addi tional netWstd & SHICEEr !4 et aRrailit #7988 155G Paffih ae b S8 WP ur t her
Filter oyl thengiid sginammjﬁaﬁ!r@%fd@@%rf%mr%r@hﬁj@nt@ “ﬂthrix?gfé'c%%%%@ a@) the M5
to nmeasure and report the nei ghbor cell nmeasurenments (e.g. RSRP and RSRQ in
E- UTRAN) Irf morsleas cgstemp.napirapmaignhaoddyer, whichSisceld of the ildamam! (R nunber
is 8 cel]s, (conprisin f one serving and.seven i ghhor cells).on. the
serving. EEPHTGR f+r S40aNE, <PoFe BSTnRy Per it i M PaRby ol s s
number i gpsail gt faerdDBR Tusérefe@dbabk bme@utdent QEpdrRASIY @RI SrkCaTigedout on
non serving carrier frequency. M5 Reported Events for Mbility are now
descri be#Venisn B fEyEnioyreserfuBstsiig et ifeind KYCING alse Fepope (4 Waioghcilegorics

measur engﬂgangb@ré.tly 5 dh’@%ﬁ&@ tﬁ?zrlz.sge%%ﬂ T Mﬁ%nte aﬁ@% bﬁerh%{?(%\;er,qﬁg%iﬁ’ whi ch
in turn are triggered by neasurenent reports. The events are then reported
to the netpiy pongTh&eay end snicianzdbe sighaldigvdsdedated tvothdbaadbwt ereandiresel ati ve
events. An exanple of an absolute event is when serving cell RSRP falls
bel ow an absol ute threshol d. Another exanple conprises a serving cell's
RSRQ'faIIing-M@P6%ﬁ@ﬁ0%6%%¥ﬁﬁﬁw&%ﬂﬁ%ég%éFé@”ows:h1EﬁJQ&%WﬁP%féﬁm@nEelative
event is net.g ). onger +t.hat of the
serving %e ﬁggéhgg%%%?gﬁﬁ%ﬁﬁéﬁﬁ% '|.32ﬁ%%ggﬁfé h?ﬁ?@%ﬁ%l' ﬂhghe cell(s)

i nvol ved inm ekakbmeatd signtan rencent! porayr MERTat e on the carrier frequency of the

ol on carrilGrertats Frolency prdi RofOhEer RSB IR  reduency Fo.
I n rgsponse tfhes eGeidrenge of one or nore of the above events, the

network can take further actions such as a handover decision, which my
require it The REHR aad Rifddverswonmeindre petforandishby the ¥inbilabosteondeds) i bed

reasur enerie and YERER BLEISES L0 TOBL) LN Jegietl OfReind IShen i
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 serving

20 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

25  Ec¢/No are the corresponding ‘signal strength' and 'signal qualily' measurements
respectively. In other words E-UTRAN RSRP and RSRQ measurements are analogous
to WCDMA CPICH RSCP and CPICH Ec/Ne measurements respectively. As in E-
UTRAN, in WCDMA the CPICH Ec/No is the ratio of CPICH RSCP to UTRA carrier
RSSLE

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

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



251 dl e node mobility: cell reselection Connected node nobility: handover
Cell reselection is typically an M5 autononous function w thout any direct
intervention of the network. The cell reselection decision at the MSis
based on downlink neasurenents on the serving and target cells. The network
can configure the 30 M5 to use RSRP or/gand RSRQ and t he associ at ed
absolute or relative thresholds for cell reselection. The configuration is
carried out by transmtting relevant information and paraneters on the

br oadcast 1.0 : el CE.LOJ j.or is
still coﬁﬁ?%@ﬂ%gkgvj ﬁ%ﬂﬁéﬁﬁgﬁﬁg(§%E5Q§%%§§§ﬁﬁg#g%ﬁggﬁc. Fﬁg“?ﬁﬁ@“&u|65

t hat goveffert MBfddetzavi or when performng cell resel ection. Handover

on the other hand, is fully contro]l t he network through, explicit M
opect i o TEghmag aka by ahtmrs edTs df s eht b be eoen S e
repor t edymeRupMen S, R EACIIsk yieh Yn BSetR Aoy thandevesis mikima@ddufbens act ual
measurenent reports may al so be used by the network for executing

handoVer sglls. In E-UTNeAWN46isc ovwmbercisal @b |(eomaprigoamainPeattoienatduse s have

adopted a_.new architectur t IS n | b Pi - ) cells
i nst ead 3?g@%%r%§%Lfﬁs%K%ﬁ§§Q}e %%F ?ﬁﬁg%%%f ac%a%%gﬁhééé mﬂtﬁfig%%tive
Modul at i gBqfeady. treshnintheesy sitadilutliwérze g18-a heals$ pecheasnrdnrenss canddl omr e

ef ficient manner. and to _provi de broadband comuni cation services, while
over coni Wy HEIEHIE FHES" BAYS 6 iments. Furthermore, in order to | ower
backhaul i ng exRensEs AN SANARGELIRGCES YR Udsh gl iibadi IF rSQIEHGAGES the
base stations are replaced wth relays that use the access spectrum for
backhaul Migtotrepdit it eritine tiviasireass, quohly, 8fc Mivecanhal t@rigosdap ogiictepartnet wor k

is related to g.network's 15routi,ng and radi o, resour managenent, (RRM .
In the aPdVEr H@H&? dheltl™s ééenzrfé’r%,redt ﬂ% BASRGAT it Oé%( gﬁwr Yeé]ys)areah)ﬁgt h(l\a/p
backhaul jpg hebues Ksware Thixegians rrableaatethid RbparsmneRiatt agass. whi ch

are chosen in advance to provide optimal traffic throughput, subject to the
assunpt i n exhaplet tlearbalkdohitialcv oy Ibadgniseting sclf S&H &éilsaae Ve 4lybsdgeer t ai n

oot el 0, 0SB 8580l LIS Rl L RSREERRE Ao RSRRLIgE v

t he basemgF Ions are ool ces can anged
drangd i cakdsyeld. Certai n enbodi nents of the present invention seek to
provi de an inproved nethod for inplenenting a tactical nngi g, W rel ess
net wor k. Todadntaxapwle g & ggjative event 1s when™a neighbor cell's R R?) becomes

stronger than that of the serving cell by a certain margin (i.e. relative threshold). The
celi(s) involved in evaluating an event may operate on the carrier frequency of the
serving cell or y may operate on different carrier frequencies e.g. serving cell on carrier
20 frequency F1 and neighbor cell on carrier frequency F2. In response to the occurrence
of one or more of the above events, the network can take further actions such as a
handover decision, which may require if to send a handover command to the MS.
The above described measurements and events are used for mobility decisions.
There are typically two kinds of mobility scenarios:
25 + Idle mode mobility: cell reselection
«  Connected mode mobility: handover
Cell reselection is typically an MS autonomous function without any direct
intervention of the network. The cell resclection decision at the MS is based on
downlink measurements on the serving and target cells. The network can conligure the
30 MS to use RSRP or/and RSRQ and the associated absolute or relative thresholds for cell
reselection. The configuration is carried out by transmitting relevant information and

parameters on the broadcast channel. Thus, to some extent, MS cell reselection behavior



25 counter approaches to inplenenting such a wreless network. The first
one is the cellular approach. This approach is simlar to the current
cellular network in the sense that it enconpasses base stations and nobile
stations. However, |egacy base stations today are not planned for any
nmovenent; only the nobile subscribers are expected to nove. In order to
enabl e base stations to nove, several challenges need to be addressed, 30
such as inplenenting wi rel ess baci chaul which should be able to alter its
connect | VI t C(?M %e 1%6?\&&%6911(?35@9&"{{%r?i'léa%_ljeg ICWSE)HE I‘B%S %ﬁé{i @qelﬂ
subscrlbers n a dynam c changi requency planto avoid

i nt erferm@haﬂ}heméﬂngﬁfmaﬂg adol xeseﬂmmhender soI ution for a noving wireless

network is the "npobile ad-hoc netwo ich e bits hqrizontal
t opol ogy wher BagHYR: ﬁ@dg thteﬁ]éﬁmdsésr‘f‘l‘ﬁg Cé‘%tr NF%’%FH%V\?‘? ”SE‘VOITGF%TW%FXF@W tas a
rel ay bejmeen. imo.Rodesst hat b?%%dﬂ@b{,@@w%s GANAE GhEM it #ionSUBR rdpdretivor k
faces significant challenges to naintain effective routing that shoul d

tracks bSeveapialy coywandleabddyfoe hamtyivpy. Bonidet, whirgl mTseyenzing scpbee 12y
significant, diffic S to.su ti_service networks while

mai nt ai nirall %b%Bsteﬂbéﬁ}é(f P?%V"ak i %\%H% nsdé)}/?/r?ce Certain enbodi nents of the
present i nveniNe@N4@r epdsercal eddlae capprvaetios angewhes endretadepnrdhonbwt hese
approaches. Certain enbodi ments of the present invention inpl eman}

mul ti - hopchigdcaye ihiné isdaged pn MARETM A EEC ek ST CHR SO 62K Reltr dMBase 10
station y | oC. in a
fixed poé?ﬁ%géﬁég Q@#@Jzéhsc%ﬁf%ggl} 1%{1’?Cﬂﬁg%2@ B%Lé%u@% ?t%:agggéﬁl@gl )cg)l i@tg}ﬁzgnal I
basel st aﬁmompectmhﬁtmarae thedh imoa wiffi@bes snananeandei mheprrothd@nblana@hquér

ordinate relay or fromthe ﬂacro base St? n. Each rel aZF 3 Cﬁable to
serve noHITEUYEHIGTE IS YEUBSY HEHALE 1 a9 PRETARAR ¢ IFOEI NG Hnd
frequency asgl QRRERkC @Ja%%%%e%gc% el @h&&&@ﬂeb@@ﬁtdtﬂlzx@&?ﬁn s6@kathan with
15 MANET networks due to t fact that the backhaul routes and frequency
assi gnnetit basaest@tmzy aresiplicet edtht slayh éhat ebails, aoghis| @ciByn foiubdckauding
frequenc ghment s are ne, t.hrou onvent i,onal oyer ess.
Such net%ﬂ? ghq Hippdit® nﬁf‘t MallRER %fesué:gpab‘?[ﬁof ] <1as’slreva”é‘fgcmj tlv‘%rlg o the
way #%G Cl%kl{lhlé ard Irgl@{gvvggd@cdiﬁandg@ﬂbhﬂ'(M[\ﬂﬁCkl ng is nore strai ghtforvvard al so
due the fact that its topology is far |l ess conplex due to its tree

20r esenbl ancelﬂr dbhetboy BrARDEPINE s Fecpaipd| By base stationgefQrairlagnbaef nBht s of

t he pres |nvent of a 4G
£ UrRan CrE LB S R LS Al RS RRRAS ! DG PESPUESE, 21 Gne
nove. ASa(Ezhlﬁd%ady pelesdd iobaghal andiashidegipat,echbjert Rbgthe 18ssuthpporc ahdtythei nst ead
of an entire network novin V\/mch s the MANET assunption), the nethods

25 shomnbdﬁhléﬁuéfégéﬁlif‘b’@éﬂﬁélr%% a networking case in which a portion
of 1S Infrasidpehur ﬁm@ﬁt’é r@ﬂﬁghé% 13{?‘&1{‘{%@ 2 @ s@e&ﬁ&‘%@%naﬁ@%' on,

whi I'e anot her part o e network noves along with users' nobile stations.
Cer t ai n ehibbdheéntes sofiotherqpresdatant nveekitdubing coaririrmenees cent balchaedd
managenent appr.oach, which is related to a permanent part, and a

di stri but@d*vernagenent approach, which is related to the 30network's noving
part, into 0r@crf%?%ﬁ%@ﬁ?ﬁc&@'owth@?msem inventtdh S&6&NtApREIWOEK imbREred

backhaul ing of the nailed down in rastructure is steady, while the

backhaul mgigodffot hephmvnh@ antetiest mustng eiedess stuespPeday disse tee %9 r ai n

i f b h d
pas @ st ATOR OPRORBY 10 CURUE R pF SB1 e o TR VARt hor k * on

the movegeiuhr agfbainn 1Tenbagi-sRAts sigfild he trraesent célnventdomknayhetilse ze a
sol ution of in-band backhauling. In this case each nDblle base station is

turned ithtlot anpasdsessy kisaytabyns ded pbtle sfatiogs stawe dlwpbi Peestanon,
Cer tai n grhoq § YEPHIORORIE stRbAbED al LeligegREC fi C
case of tﬁ% V\I%ll’ E%P%?anﬁéd %}taﬁ 1%3\? deé*'br%tgd““ Oﬁf g.&' 1, tlgn' V\}N c‘ﬁkt fie st andar d
base st atiban il ayler toQﬂ‘nabihe)aE’Eeitmﬂs th sotte wicded! ¢inflongosmetdiperesaddressed,
30 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



10 One |l ayer of static base stations - sBS (2) that are located in
permanent | ocations and act under usual conditions and according to the
standard rul es of the FUTRAN and Another |ayer of noving Base Stations -
rBS(63) that, with the backhau ing nobile station - rM5( 51), are actually
nobile relay stations (63). 151 n order tso overcone the probl em of
backhaul i ng changes due to the nobility of the relays, certain enbodi nents
of the present invention base their network managenent sol ution not on MESH

or NANER&@@&J_ 1,850 PHE OB NRYARPE QRC PmnbBAL 69RI RESo&eNthahizesd and

distributed radi o managenment into one Routing and Radi o Resource nagemnment
(RRM) solvuichoexhifiitsi Borgmpptabacpolpsy ddprced: nndEiaihe7 servhe a@ OnethworkerRRM i s

divided intop two entities: Centralized, RRM entit 62) that. is._i,nside the
WE (or RERPENT W A REEVRGH R “ahees P L 17 DR St R PR L83 S8 Fel ay
Radi o Resqibge ;fd&f@@@%ﬁﬂ[ﬁ&am ERMc6BS) to (Rtain (E@ctivbabu@ie Haocabed dazkeach
relay. 25The Di sNet 61) in Fig. 7 is an entity that co-ordinates between

the Standard dapmically RRVIgBE iopniseliyiy They adilsot fachutigdiFRt v §TREtsioPk
activity, In Se [ - i hey [ hay ivity to
fhe st eatlpP R Galhe bRty SRR bR S bRl Dt e P P St e but ed
r RVs andCaetinenksdimemagefrertprisnd ovention groperd r ahiddedpparck rsotmgwireicn RRM

that is |ocated in the MVE 2). | khaul i 30l i nks . d d
e to NG L dFFer BNERCDRS o1 hBKgT ELaSE They! HHe ey brd- CHE"r ange of
the st eaﬂéﬂ&ﬂbﬂt%lﬁ%ﬁ rSh@tdsRA of SBSSET. ThensRWek QMBI 20PRE@bhen and

10 provide backhauling connectivity by utilizing mu hop routes between the
mobi 10e reht@ysthat is usually the only node that is planned to be located in a fixed position,
relay stations which are base stations, typically small base stations, that are fed m a
wireless manner either from a super ordinate relay or from the macro base station. Each
relay is capable to serve mobile stations and subordinate relays. The dynamic routing
and frequency assignment problems are of a significantly lower scale than with
15  MANET networks due to the fact that the backhaul routes and frequency assignment
are only restricted to the relays, while MSs 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
20 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 WiIMAX) cellular network in which part of
its base stations move. As already described, and as depicted in Fig. 10, typically,
mstead of an entire network moving (which is the MANET assumption), the methods

25  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

30 network’s moving part, into one management solution.



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 5 end-user MS neasurenents into one Quality Grade Result (QGR)
according to which handover cell reselection |oad control is carried out.
The network's nobile relay managers -- rgRMs, can communi cate between each
other and establish alternative routes in case of backhauling problens.
Such a network is depicted in Fig. 2. Mbile stations (14) can be connected

directly to the core network 10, . vi.a a fi r.d- tat. 10), or
t hr oughya rel &%) D%Y\fovt(g\;}éer éaerlrwéLﬂ%lﬁgOfitlrllé(ggrgr%{ Mé%régga?g& asz:e%@¥’fal ail

functi ongnas Re Shandan s basee siatnomi{asBRtuat ciit Scabopss], siudelp @ndinas a
nobile station (rMs5) at its backhauling si n enbodi ment s of

i de. X rtaj
the the pre&seiccs pvempldicars e aeedPeny g@féﬂ%%%f&h? EOhBHEGERBRT of such
a mobi | e rel ay, geLwor Ko s d6RIL RS !EDEJ'E%{Q;N@WMNQ crebid Byt ad heve”

managenment solution is based on special local RRM magers (rRM - relay
Radi o5 Managér Jembbdesants RiVsthar presannisetginbetaye ehlissach softher @verbaandar d

SI/X2 LT R4 Vi tocol s, and are responsjble f _ ,
Gol | el BetPBie bl Be B e LR TRon 1" 01 TS CHEC WP e RIE wher e

the cents@liized: RiMdSd 4RBhE Station COBILAiNkmPad inser@f oft the prretmonkenduie aico
degradation in performnce of the backhauling 20network. Each rRM typically

i s oper atdlatel toothpepdcoinsase of satgorlo ol thtaf demibley 1AIFEE of » ENfideowi ng
functionalities: Ml ti ’ e | _ decisions with regard
to hando@grr‘&aéﬁgaséeswoéI(laﬂy?g&lt%gﬂm&&g%gseﬁg&ggﬁg%% igrés"rs sel ection 25
in-cgll conneght Wytyof@ithatse stations -ABSI (APihaf hedoditabmaranaindnheceday
structure, according to certain enbodinents, is depicted in Fitg, 7. Inthis
sol ution the #wl ay indeepnal cpadidont atd arrording tp By skRdart Wi miePRdlh mobil e
station (rM5), a ¥k dard. Their PHY and MAC | ayers are according to the
E- UTRAN (or V\}Jm i t hout changes. 30According to certain enbodi nents of

t he i nventisonanghfungti enaldving BaspBovibaed rBS(dHethaRMitthéte bakbawieg from

the rM5 a report such as a_conventional Network Measur nt Report (NWR)
via the rMs smebhesipém pevlp( 5#%@?\“\%‘%@‘@%%&4}%%@% 6@5

15 in order to overcome the problem of backhauling changes due to the mobility of
the relays, certain embodiments of the present invention base their network
management solution not on MESH or MANET topologies but on a new approach that
combines centralized and distributed radio management into one Routing and Radio
Resource Management (RRM) solution. This approach is depicted in Fig. 7. The

20 network RRM is divided into two entities:

e Ceniralized RRM entity (62) that is inside the MME (or ASN GW in WiMAX
network) and

s Distributed network (60) of relay Radio Resource Managers — rRM (58), (59),
(50) that are located in each relay.

25 The DisNetRM (61) in Fig. 7 is an entity that co-ordinates between the standard
central RRM activity and the distributed rRMSs network activity. In a case where all end-
user mobile stations have connectivity to the steady nailed down base stations, the
DisNetRM updated the distributed rRMs and networks management is done in a
centralized manner by main RRM that is located in the MME (62). In case backhauling

30 links are dropped due to terrain interference or simply because they move beyond the

range of the steady nailed base stations (sBSs), the rRMs come mnto operation and



11 to the renote base station in which the MSis canped on. In this
solution, the rMs is controlled by the rRM and provi des neasurenent
information both to the renmote BS as well as to the local rRM The rBSis
connected to the rRMvia an Ethernet port that carries the standard 5 R6
(WMAX) or SI/X2 (E-UTRAN) nessages. Theobackhauling traffic of this nobile
relay is carried over the rM5, and due to the fact that the relay is
nobile, there is no guarantee that the backhauling bandwi dth is sufficient,

or that E}Q}%fﬂ% b&idad ;g%gllehmttyﬁgﬁ%ﬂtzf gnmﬁﬁx A rol t@s %\a‘ﬁ%eﬁa@lgsmoﬁz

i mmuni ty solutron |s € nunerous routes that can be estaEﬁished
bet ween tdweysnobil e relays. Certain enbodi nents of the present 10|nvention
provi de nmethods taqo. manage the temin such, a uni cas

standard co g}f“%@t%&aﬂkemf#{ﬁﬁmhd e %Jsseplgf”gl??é%n%ﬁﬁe fhige afi’é’l ay
stations;@s@céd asf:@lns hbgv PRIy asimen Mmmkhmmg h2ad®BIhbR desulish@dV5 t hat
perfornms nmeasurenents (like RSRP, RSSI, to maintain qualit

servite. &Bhgﬁﬁh@ﬁHﬁﬁ§§émﬁ§%sWPéﬁ@d@§ﬂﬂ%éﬁﬁ%w psUlindP (@Rt aksordieate %H@CISIOHS
are rmde ndovgr%%n ste%gg g)a&%ompo%tg\@e{r gdghtese M5 nmeasurements are

suff|0|en %ase 8}gatlons are sﬁeady and the backhaul i ng performances
do not changel%enmnmmwsmmaﬂmﬂmMpmkm@ﬁenaﬂndsnﬁmkmﬁﬁemuabobemmmmcmmjch base
stations and rela% are novi ng, is n essar nS|gﬁ% t he neasurenent

of each NBFF# FsibdivRAleraaits @HWH&%CW% 8%P SRS atiSh & "HFKr out e of
MS5 in Flsgicp%te%qm}@g@sl@obg@ sSRBhLE m%/cﬁméeo@%km%& {Phe cKre(reB)o@nd d

(17). The problemis that in cases where the rRM handover decision is based
on tHe meiasufieskrtasdafl Hvssskahbiy(lﬁ)t onﬁyomit atigls (1h} or sovesildeleas it t he
nmeasur enen of rMs n B53: altho i on reasurenent,s results
are of anﬁhbﬁolﬁﬁ’éﬂﬂeﬁ tzt:g?ab f‘ﬂ 8‘1“?315ra(§15’1 “[S%r Erl‘sﬁﬁﬁ@gé #%ﬂ?g i & A5 hE8F quality
i f neasugemEntsoafe Saeh (easkidie)basiowlibhalict he quality is not sufficient.

In 25this case, a decision to handover 5 to this route ngy be erroneous.

Certain enbodCrgnnsngfodunentppbienhe preseritinbentisneie seaicd Hegedigdesosicenc es

and_sol vig L2, aR0UP L JeRth i ed PLORLEINOY RIGKE! O riPthody flak, fgke nto

consi der a e neasurenen ons and t he

r VBs)s al eagdehrnspaiaiibn ¢s basttieon ApdciatdasdrRRBhisagenerki al felof Redie nobi | es
al ong each specific route may be 30conbi ned nd a qual

t sul t
(QR) melaneiopr GVF el Movede e S Hadey el g A fgﬁ?d@‘%@& si ons
are baseg, W%ARIS' b?ot%, LR8 Yt responsibie for the Handover, Cell selection/reselection

and Load control of this network in cases where the cenfralized RRM is unable fo
control parts of the network due to degradation in performance of the backhauling
20 network. Each tRM typically is operative to perform at least one and preferably all of
the following functionalities:
e  Multi section route method to make decisions with regard to handover and cell
selection
¢ Frequency band carriers selection
25 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 fo
the E-UTRAN (or WiMAX) without changes.
30 According to certain embodiments of the invention, a functionality is provided
in the TRM that receives from the rMS a report such as a conventional Network

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



12 According to certain enbodi nents of the present invention, there
is provided a nethod in which the route tables are built, and contain the
M5 neasurenents for each section of the route. The nethod scans this table
and sorts each route to several grades of service quality. 5The QGR of each
alternative route is transferred to theiMss as well. Each MS receives the
QGRs that are related to its alternative routes. This is inportant in the
case of idle node, in which the M5 can choose the base station on which to

canp, wi {oht%gtrelﬁgtte\’& gsf&ﬂ&? R %’ﬂ?c'ﬂtt II\ES tlsht,ea &In&?rlg tH@%@?uﬁ% Jh@ IMBem

relies on its own nmeasurenents on y, it may choose to canp on rBS without
backhaul tagrolldhey QERRMbiné prasGdgs messsmesiehhindorootion hiotigto thé ranhee @8Rs= 0 f or
a specific, rBS ga th the M5 quality neasurenents arc good), the MS can
deci de t 8°Law} B8R rBS (that has inferior neasurenent quality, but

still may havenbagkhaubiRgkd (Cafe @M o dimemdtSHoef thiherpéesertantinent i on
ainto provide partial connectivity in a nobile network, between %;oups of

speC|$|cRé&Bé A%erisS AR (CeUSRAN) 1Bessegesi bie bickipentoiiti@cio thig maifler i or
condi tion, (o cgg}’egevx% D pe rl\?é S%%nfﬂféct%etﬂ% facl NRaRE ROy R B, 'oﬂ@&h!ﬂ@ ¢gor dance
with certarn’e nent's o € presen nE

I'nvention a nti y whi ch
users Ca@mbﬁﬁ@ﬁﬁnuﬂmd&EEHmMH@hmmﬁhemﬁiﬁmﬁﬁtmnpnmwhﬂahhandeaka@ﬁmgces in

this portion of the network to enhance connectiyvit For exa in Fig.
2, al t hotifReE®td aH- B el rases. e SEBWREY FEHUBP 1%%@658?%%?@5@%%

r RVR( 12) 1, and, nRVB(bAk A% AREdL L thoap @@@4 Vi t¥aih @ndbD&InfenES tﬁ@gréa@ndover

deci si ons between rBS2 and rBS3 can be made. According to certain
enboﬁ]nemVsnm%&t@ﬂd@neﬁedsu]mvwﬁﬁﬁmm$NWﬁlmh@pbamsumebawkhaul|ng section

wi th poor qual e rRMis . able o anal yze ther the o) lity of
this section i'8 f%ﬁﬁ%}dC%E”%¥¥%§%ﬁW hgﬁﬁ 66¥M(W§ @§1ﬁ80 ?éd rBS or

25 nei ghhatonk B fixRd stehody Gaserk te'l’t@nd’nmc(iai@ dh@sﬁ}lei hemhpevighbar pérRMhscan
operate its rBS in sil ence node, in which the MAPs in the downlink (DL)

por t i on WfastifrendiEsaiEe ROR b & SShJtSR@he MAgERAEYIE of g vicRBesd vadeisve the DL
tr ansm SSI EPSEEG%EE}AESthdaQSgPGR em%aﬁ&w%h?tehﬁg (gj:rc%%rgr %Bﬁé&e ﬂ g&chg sﬂﬁ@érﬁt st hi S

case. t o anot her e invention

conngct i pankyrkh athﬁsewam@ba&@émuﬁts ng: sidhties:, ahee baansfitemk ede ktnady atdamdar d
manner between all the rRVMs in a way that the sane updated Section
Measur enathaphipe sedeinsnscs ¢p wdhaER M (Fig. 3). The sane

In the network scenaric mentioned above, in which base stations and relays are
moving, it is necessary to consider the measurement of each MS/TMS in every
section/hop on the route. For example, the route of MSS in Fig. 2 contains 3

20 sections/hops: section g (15), k (16) and d (17). The problem is that in cases where the
rRM handover decision is based on the measurements of MSS5 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

25 this case, a decision to handover MSS 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

30 combined and a quality grade result (QGR) may be provided to each route. Handover

and network entry decisions are based upon this QGR result.



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

Accordi ng to anot her enbodi ment of the invention, update nmeasurenent
information may be transferred between the rRVWs through the rRVMs standard
protocol, 5 neaning R4 protocol in WMAX2and SI/ X2 protocol in LTE. In
cases where one of the rRVs is disconnected fromthe network, there is a
nmethod to update this rRMin a specific update message. Al t hough

the descripti O/QCC%T‘dEB % Q%ﬁf&ﬁl&%ﬂﬂgﬂcﬂ@ Rrigs dﬁrekcﬁﬂ %\reﬂﬁgﬁquéé@ i %VEEI%AN LTE

system the inventio e enpl oyed in W MAX
syst ens asthadlih.which the roiﬁiaealﬂes gretbhus apd eencledthel \fISan@(sm@mne foi tdrhcert ai n

enbodi nents of .the present invention, od for Ienentl g t ctica
B UTRAN, TPk TR SR iRy et BRSO Ry St ol 8 SOt re ove. al ong
wi th the,end;ils@lapbil e stations. The noving infrastructure includes a

plurality of nobile relays (nRS), each accommpdating 15 a base station
(rBS)S typi caﬂ‘}ﬁ @GBrf] dach aliernaltust foais, is irebilPaed tathic S¢ ﬁfNB)?HaEl@PhI Méal radio

rmnagerrepetc 1 ((él ng&{ at aryl a%%?c@“d {éxjﬂgtl\pe Lﬁ:\]l&%s'? ]1@?&% r{aﬁ yt?xe C§SCI n- band

mul ti-hop 0 en ance i mruni ban
backhaulbmgeﬂ@@@@nh\ﬂﬁabUﬁQWS@acmﬁametn@mmmqmﬁ&m<mh@hmb&0@ﬁmpahmemnat|ve to
the routes that were dropped due to terrain or other interferences. Each

route i ntdtAESs AVPVEPElL t 8F seedidnsasesekionheoMrbtiiBen EndiSusER nobil e
station oL ?bn@@&ll#,ﬁ;teﬁql%}/%b{od@/@'t&&;ﬁﬂ ot ?B@W?ﬂ%ﬁ{ @&kwmgnﬁhéo@@&h@%' ng

sections, which are nks between the nobile relays™that 'take part as
nodeH)lmxthﬂusduiecunhng HA@@@Kh&ew@d@daspmnﬁ@cBdeﬂuR@hnhhhﬁémudnm

enbodi ments of the Or s ntiaon, .is a networ rel ay. managers
(1 RNS) | SEH S B SPRRRGEF NRRRY (et “28BE N HGCER L RS o

appr oac hmandrhiest ElhatH@Qﬁllt BRNAGL N8vaRRkRAGR ). Nt 0 one managi ng sol utl on. This
is by detecting the quallty of each end-user section and the quality of

each backhaul G@gtasle@mﬂx@ﬁma@@@ radi By thoesehie LvBKtign dainMSstonwaside maniad ( RSRP,
RSRI RS 1%6% qéjclgra?lell:]na? Inegfvork %ngggalgllo %ﬁ%rfasdgl:lhg St SCBlb% W%“la% :%rrlﬁt he

actual r 'O\ Ve Fout et -of user on (M5).

The r®suctBomseth3d ot eapicasdiot eondigored nisesveNbe dsconddednthdaeinsions for
handover and cell adm ssion and cell reselection are done by having for

each routi@vitlp iguareTeynicesith toeppin pEbRES %n@l%%@éuw%ogé@m dfs. 14
Furth t t t
urther ldéhtf’ggealt;egﬁg%?s Ml c%ﬁnﬁ\gﬁ&fe%@ﬂ@h{ﬁ%% #dab g%(?ﬁ@% szYc%E‘ I on,

the QGR 1S y a wei orit urt
accordanoemm@bhkmeﬂtﬁamﬂevﬁoﬂwmhmﬁscomumhenpﬂés@mmnphyeﬂ@goa,&ﬂhﬂ@n

f ﬁgt ral Is%zgt(ljonRRM 1(755215 dl:;SCOgr?GCte n C tas(,3 qrew tp(r)]ort QS&I{‘[}QI m&tﬁm&{n‘é Sﬁ\%(fﬁ" ough
20 maintain connectivity to their MSs and handover decisions between rBS2 and rBS3 can
be made.

According to certain embodiments of the present invention, if there is a
backhauling section with poor quality, the rRM is able to analyze whether the poor
quality of this section is caused as a result of transmission of its co-located rBS or

25  neighbor rBS. In such a case, the rRM (and/or the neighbor rRM) can operate its ¥BS m
silence mode, in which the MAPs in the downiink (DL} portion of the frame may be
empty and thus enable its rMS to receive the DL fransmission of the remote base station
(rBS or sBS). Fig. 9 depicts this case.

According to another embodiment of the invention, the connectivity tables and

30 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 TRM (Fig. 3). The same



5 centralized distributed manager -DisNetRM (61). In the distributed rRM
networ k each relay manager (50) gets neasurenent reports information from
the other participant relay nanagers (58), (59) over the relay nanager's
sub-network (60) and neasurenent RSRP, RSR1 and RSRQ neasurenents fromits
co-located relay Ms (51) and end-user Mps (55), (56), (57) to build one
radi o resource neasurenents table. OAdditionally in accordance with certain
enbodi ments of the present invention, the nmeasurenent information is spread

o B o0 e ko RS8R YR At OO TV i T By Carce

w th cer S I'nvention, predds the

Q&R of ahhd thbenalaesads tveMOmtepet@ntine MS over broadcast nessage. 15The
MS broadcast nessage relates to each basg station and is sent to the Mss
that canp on thcerdngdostugthgnembodimeny 9§ 1Be olfvaRidpD i W dgtec Sreasie®eHi t h

certain g LIRS 1 0 d R rREGREMen Y SO @houk$ 1R MBIDRJ08 pARG&Idi Ng on
handover and network entry in LTE/f WMAX tactical network that is based on
LTE ndbi hearie &¢rotbroitihiVBiMaXwodks 1/ Xd ptoggob et WeEnrerideusbere 020oMBs up to

the static base. statio be estabpljshed through the. rel backhaul i ng
VBe i n_sHOUr At o R i Hode EamplTCe b dsap et sS4 B3R T 7s) Yo
t he radi g)eggﬁtdpgﬁgnggssg%@ph alternative route that are established by the

nobi | e rel ays. The nethod conprises all these nmeasurenents to one entity
and deci des abbtoushritiovisseragnve BEninsgition aer dictons dirogpdide ttherdal |y

P01 S\ SOEEE B I SRR B0 SRR oy o Pt SETl b penton
(rRMB) diystefisbytoed. net wor k. The nmethod exists in each rRMand is
AR ML CRE RO MG SN 0
PLOw e b APSE ABIGE L ADESLAAT PROSCEIITNS O, st dent | on
i nst al | ecetivorkeamdhsuriBirande dinsthe inbveesold wikhgbalantypsaeasbienetoss. tlbet he
remot e bz%gging infrastructure includes a plurality of mobile relays (mRS), each accommodating
15 abase station (rBS), typically a small base station, mobile station (rMS) and local radio
management unit (rRM). The backhauling of these mobile relays is in-band multi-hop
backhauling to enhance immunity. The in-band muiti-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
20 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
25  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
30 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.



15 station in which it is connected to, as well as to its co-located rRM
Thus the rM5 can be aware of its existing backhauling quality and initiates
handover operati on. Yet further provided, in accordance with certain
enbodi ments of the present invention, is a cell reselection functionality

| ocated in each M5 and which receives, 1% periodically, the QGR report of
each route. Thus, while the nobile is in idle node and wants to canp on a
new rel ay base station, its decision nay be based not only on its own

measur ement s, phudt. qp atcbﬁdg@&k@ﬁylcbﬂanré\@%dﬁﬁeayro@rrﬁ@ﬁaesee Welidtion, the
Still further I'n accordance wth certain enbodi nents of the present

i nvent i oRGRaislvagattoMera Wurgbtadolﬁwmﬂury is located in each rRM in this

di stri buted netwar t.he rRM |s I ndov

operation of gtt@%%’lél fifdeaﬁ%%} P}?\‘fé i certap gy ‘%Fmen %ﬁpmﬁ? and™ gﬁn the QGR
-- Qual i iy GhasecRasrM (d1ass 3omuarkﬂdaaecmalkruese ;mcmiwmm megituougXthe bad.
These val ues are conbination of the SNR and the statistical netrics. The

SNR it hentinirAdndipISNRA thigaet s R B BYT {p- %H]&l(%\%trlbweééﬁ%’{ BFVath eirh
accor di ng, Jy mtagf&%?\%?@ FoTHRAN A AR CRpod NS iR AN broff afhGinaTRyuliBags and

Medi an on e set up iIn Xperiments rding to
certai n eibodimenissS8USEY)sovar dlesrhbrwmcmagmmjsm-ndawtk [ and oreafwem@ER. The

statisti re of the co-|oca be attached
T the. | BORPI BORE BELROETPeHES TN o M AL B P AR NSHST ty ¢ hat
conmput esnandssy2Geh, Q@?P{%tb%%dtoﬁe‘rzﬂﬁo K8Qlrcd %Q«;ﬂr@aﬂeﬂmgﬁaﬁb good or best QCC.
Thr s allows the uSer to locate the relay in the best backhauling place,

e.g.1Gn tactiédfitiappli watdcorence with cem@wrrdiqﬁgnws @éﬁh%ﬁﬁ@s@mwrr@ht s, in

th hat he relay R
hat 15 Beece SETy THEa 4 REtRar oo B Bt Jutey " MR 8 e R

to the bpgkhauling relay B that it - R-- is As anchor 25 The
backhaul ing rel ay then becones aware that another relay is connected to it
and typi cal | yFrilisedn goensdancg| wigle ceénip sigpAiments af dhp Breé%tdeﬂﬂmlpw H€cor dance

with Certn@fhg)%?%%?c\%'&gg@% BF aif IR REEIAR rduNUEBIALDES dv3r Brd¥BRIs! Biossa

communi cati tem conprising a core netvvork inel udi ng & core
devi ce amng: IS ﬂreﬁ&hstm&ssgeafelaﬁesbasa:hgiaart stetion ancpisweal totthe biSsbizeampat i ons;
and a 30 popul ation of nobile stations comunicating via antennae with the
base st atll BHs?25¢ Hal'Phse stations including at |east one noving base station

‘é\{];froﬁomglzg%%gfev;{é@ %#&B%ﬁc%fﬂhcérﬂﬁl ARBbLhigBEAl11R0Sr804 il Rglidides base
y, a first
is a method for deciding on handover and network entry in LTE/WiMAX tactical
network that is based on LTE mobile refays. In this network, routes between end-user
20 MSs up to the static base station may be established through the relay backhauling MSs
in several hops. The methods comprise measurements {73), (74), (73) 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.
25 Additionally provided, in accordance with certain embodiments of the present
invention, is a method for establishing the same database to the relay radio managers
(rRMs) distributed network. The method exists in each rRM and 1s responsible for
building tables (40), (41), (42) and the section measurement table (43} in each tRM and
updating this database.
30 Further provided, in accordance with certain embodiments of the present
invention, is a functionality for distributing rMS section measurements which is

installed in each T™MS and distributes link guality measurements to the remote base



16 radi o manager and nobile station functionality all co-located with the
base station functionality, the base station functionality having a

physi cal back-connection to the first radio nmanager, the first radio
manager having a physical connection with the nobile station functionality,
the nobile station functionality communijgating via 5 antennae with at

| east one sel ectable static base station, wherein the first radi o nanager
conprises a radio resource nanager; and functionality for receiving
information from. and sending, i nf t.Lon: aot.her adi a6
respecti@@ﬁ?]gbgkggdggdxﬁf?%&%@hgf&ggf%%gﬁ%gg48%$§{?gﬁS?Hgﬂg@?g?f%ging t he
i nf or mat keawhe «dek ekRiinebmiatler dualityejné dtitiates heaktveoneraobi | e st ati on
seeking to be_served by an 10 individual base.sta%%?nrasagg%ated”vgth t he
i ndi vi dual coYcbéuthes rradfe! nRrsgaranehEh SPEFRaET B IR Ui N PP east
some of Hiﬂffcf?tg&?t tON cE]EgésrefycHQn GuRtibtdiRs 1@htcot Metachads SliakhieRgecei@spective
connections back to the core network, 1nfornation regarding quality of the
firstsradimodetagie QGRuvbaryobesst revtat Tlow: whilsrihearobos ivacklesodh@idcor e

t K, d inf ti di hany dal 1 11,89 ' 1 fiariad di
15, managdeng (B Batet SEa o, and faba ctalBh e AR WALl DR PR ol o

manager' guaWikahase cshk it @R thabLkhaspeeHISy etaasakhentsaspredvi de, to nobile
stations in the vicinity of the first radio nanager. Further in
accordance wi BAl deithesiin AiRBEIICREHSCHRIN HRPGS BB BIFFTOATY PHYY @

i nfonnation, regardingaual ifies iof OC 1) Ui sCAORBEIHONSw O, RSRes! i vel y
co-Iocaté%ﬁbE%gﬁg#%gﬁgﬁg%g%gﬁgégﬁapg$the corg network is provided by
respect i vieWyis espbodist &g hmadier npnager o itsicallacged 8dfed one of a static base

station fromanong the at |eas ne static bas. atian the core
network; and & HONGnY-pHsé st ﬁgnﬁﬁégggr¢(§#3%¥3éﬁé%ﬁﬁ?ﬁéP%ﬁgé*?%“@he
| ndi vi dugh, £ 0o JBRRARL iy CO- I1Aaat Rde TBIbL @cdanibeioflol e SR et n
accordance wth certain enbodi mrents of the present invention, 25 the

i nf or mat stensticel quatiist yThef SNRs iowWrs oonneet iSOFR bhek it ocedsé ©oraoddeirk i s

provided by its own co-|ocat I b on. Additionally in
accordanE@¥ﬁﬂ?HO%@¥Pgﬁwg§W§8§gﬁgﬁ?gh§¥§%%§hﬁresent i nvention, the

i nfofemation renghannelor auabi by MMaLE hdoleein haste SP@C wifisheasee upbih dekdo
provi de nobile stations in the vicinity of the individual co-located radio

manager kxpgpmowvisded 30by reports generated by the nobile stations in the
Mnventi on, t ne T GeaceBRETERE0EF T S ST TERLS PR L
base st agican TerstBhidl encalifresieatsiodnis: dorlotdied ME imedop rofay vy Henddiavhedual
co-locat ?odth[z:- ?odciagoxgrﬁegg se gf tihg rc?]zrq? \%hg%gl\/}) %lqa;/ li}aswep 21,\/?1111%861!13 ﬁ}? Ech% ccgrnqgétlzse an%t ation.
20 indicates to the user locations with good or best QGC. This allows the user to locate the
relay in the best backhauling place, e.g. in tactical applications.
According to certain embodiments, in the event that a 3 (say) hop
communication route is being used, the relay R that is connected to the core network via
another relay A, sends a message to the backhauling relay B thatit - R - is A’s anchor.
25 The backhauling relay then becomes aware that another relay is connected to it and
typically finds a best place to remain.
Also provided, in accordance with certain embodiments of the present invention,
is a mobile communication network system comprising a core network including a
caore device and at least one static basc station; a plurality of base stations; and a
30 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



Still further in accordance with certain enbodi nents of the present

i nvention, each the co-located radi o nanager is operative to conpute, for
at | east one 5 individual nobile station, route conparison infornmation
including a plurality of routes of base stations via which the individual
nmobi l e station can conmunicate with thejgore network and at | east one
paraneter characterizing the relative quality of each of the routes and to
communi cate to the individual nobile station information indicative of the

route conpari.son info i |0k i ndi Wi i ation is
operative f%héé?%%gééﬁﬂgégggi%%?%%ﬂggﬁ%%h%gﬁ%égge h%dgg?thgg%Jﬁgﬁﬁly based
on t hei nf orfomdoanity nile batd swaicnffutdienelitydaciogpapliysoa! bavkeromatdton to the
Additional”y in_accordance %jth ertain %nbodinﬁgts qf thetpreﬁﬁng

i nventi on, THeHRraARAEEr Ns IFILEYC dyhRed VIt MPENE VRNIEOBvEH 86cti ons
whi ch t ogethel . 185mPesRIndIRUt @ BN SI8GEE AONARMLRG EdrSmaMBadiRvMal ue.
Further in accordance with certain enbodi nents of the present_ invention,

t he par ametastenoiarabt @rleast e rssleeablyugipiia Yasesstaticonphaiain] b SEstned8ur ed
qualities of route sections. and f I i reof.. o} L e

secti ons mf?%mﬁ%}§@F9“$?u%f3§?iﬁﬁggﬁ%ﬂ?%%%ﬁgaégféﬁ@%%@gggeﬁgg%g18% due to
thei r unpr eglioehadis frby, andQefting intbimdtivartol ptlac cadidanaegest espentitvalyn

enbodi ments of the present invention, at |east. one individual co-|ocated
radi o menageriodid HEEsORBINIE PEENbHINE 8T dRt URGEIRI CAPTBH Facll i tati on
functi onal 'dtf%ng&%r@ﬁét?(epr th QefREOHI1ER: BhE Bfhi16 QMR LatihOMo bBQEEEBYIRI Ng the
core network, between a pldrallty of nobile devices in the individual radio
manager' s vidiidizblyhas@Saddi tdsoriatet! yiihthacodivthnt eo-oaisdgedivapanagerbddi nent s
of the presgpt inventian, t he aniQ%;b?se(§tatioqyobseﬁ%es 2 ﬁk'%ﬁ%e peri od
during whi ¢HOFPaRFPEIuAREAt Sst PSS PITRGULR L B T 61T S "Hbbi | e
station.  guaiions’ Selddotif UEERRLLHIN BE&KOLIRABGDrWinkRy R IidbMmAdRodLmeMLS of the
present invention, at |east one characteristic of the silence period is

dynani cal | yudityeri-thi néut bylie hemagmovinpgnhRseee selen 6 fo8neHon degl &dtheadi o

ranhager. ]égre network, and information regarding channel qualities which the first radio

15 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.

Further in accordance with certain embodiments of the present invention, the
information regarding qualities of respective connections of respectively co-located

20 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 certain embodiments of the present invention,

25 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

30 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



Further in accordance with certain enbodi nents of the present invention,
the characteristic conprises a zone in which silence is observed which is
defined over at |east one of a frequency band and a tine w ndow.

Still further in accordance with certain enbodi nents of the present
invention, 5 the E-UTRAN network conprises a tactical E-UTRAN network.
Additionally in accordance with certain enbodi nents of the present
invention, if a nulti-hop comunication route is used, in which a relay R
that is conne cted o t he. cQ [ sends a
hat 1o CONDEes B BBl RaNRRIRLI KLRGRRTLISS ELAY bRl
aCCOfdance:ﬂMi&)Eﬁﬁb@h@beﬂb@dmmnnts of the present |nvent|on the static

base station is co-located with the core dev ﬁﬁ! further'
accordance wi PHI BRI R ErBRIGTENUS cofalR (a8l %ﬁﬁﬂggﬁfof eH??%HIn¥%@OBhyS|ca
back- connegt,jon, ConpnhSes alifthal.06t ;@@ﬁ&aﬂi@m@%@m{e Stoir | 4t fetttder in

accordance with certain enbodi nents of the present invention, 15the radio
resoui ce mandigeualcowpilé sesioanrEUTRARNT®E B {owywoan cackdindge plurality gpfs o

provided. i, aceprdance L, SoEaD. SORGIITSIEOL.L0P ERT ESENLaINENt  on,

is a nDbllé conpr|5|ng Provi I'ng a core

net wor k i nGliudineGos £aWerkdad ﬁ&e@ﬂdn@paﬂaﬁﬁ&? chmecstiaihichdaseivstabiion; a
plurality of base stations; and a popul ation of nobile stations

connunlcatHﬁgavhaﬂéﬂﬁenﬁﬁésmﬂﬁhRQGOWﬁémbégb1%ﬂ5?|dﬁ@v“wﬁ%“Hg@ﬁ LW ons
| ncl udi ng %ﬁfol 1%&(% ONEARY! }Qasg ﬁé Aok YEH GROFAIBN LG RerYinarANt ennae

with the atrons and inclu es base station functionality, a first

r adi py managediviaing mobid satsdmtsi qurdtivace isdneld byseaitdtionoo | tecamecktod tchatt he base
station functionalit t he hase .station fu cglona%tég havin% §h¥5|cal
back- connedf3sbrPaiy ttR&cck ops her o dith nﬁﬁ‘f?é’gé‘? ICY¥hE P r'adio “HEREGEr havi ng
a physical ;25.gonfpection with the nobile station functionality, the nobile
station functionality comuni cating via antennae with at | east one

sel ectabl e st Atlilitiobabeinsacapidonce WHErcsitpintdebddingnts i dioPiraiidgerenienpr i ses a

radi o 1 esouy ce Tanagel b, 200, LuneL i ARk Ll ol 858 Yigal DRERTBELAD. T om

and sendi ngd ?H%%?Wﬁ henagers, respec |ve cat ed

wi t hy ot her JaRyLRG %&eeﬁq%b@ﬂﬁnavﬁfgitwmm i or matl on 30 to determnine
whet her to reject at |east one nobile statjon seeking to be served by an

i ndi vi dual baEeﬂbﬁaﬂM©ﬁﬂé§§@dWéhééﬁﬁﬂﬁﬁﬂpﬁénﬁﬁﬂP@ﬂ@hﬁﬁﬁﬁﬂ‘PB@EP@d cadi 0
manager, the . nf or q%tmc%n/ %Clogl?éaﬁgalﬂ i} GA%n HRAR b ﬁT{%faQ{rQ@tqhglﬂlgse(gar di ng

ra Ci ¢
qualities SR respective connections back to the
core net worrkytei @Eﬁdﬁfﬁat b fhegaridhghaeos] sddn difat t loetef Becsions aditlo Imgnlager ' s
novi ng base station's connection bac licl)?(ihe co e network,.and information

regar ding dHaMHEDS GUEIlY ficagraRFEh At @quﬂiﬂrﬁﬁﬁ‘ 8P SN base
statipon, and base, §L.atd QRS RAhASithRaRhREbbllRint 86ine PFRBAGRVerion, at

least one individual co-located radio manager includes a mobile-to-mobile direct
communication facilitation functionality operative to provide direct communication,
not requiring the core network, between a plurality of mobile devices  the
individual radio manager’s vicinity.

25 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

30 moving base station’s co-located radio manager.



5 own base station, are respectively able to provide, to nobile stations in
the vicinity of the first radi o nanager. Still further in accordance
with certain enbodi nents of the present invention,users are shown a good

| ocation for QGR Additionally in accordance with certain enbodi nents of
the present invention, 10 statistical measurenents of a co-located M5 in
each at |east one relay are attached to location results of the relay and
wherein the systemincludes at | east one rRM having a functionality that
conput es and icates to t he upt.her in
accordance w Eﬂ'ﬂkérl? gﬁcor Sodi MA?%%HAI%& Q%Hﬁg{ﬁ%?lﬁgsé?tﬁg@ﬁ%g%%cmmﬁ [
backhaul i ngi 15;@&@1}!5{&33&@&@&5&&\@@& ih hxafﬁc}anmhd:mrs abetrayd vbichondeltteddvenati t  and
finds a good 15place to re h@l@ each rRM speaks to its

co- | ocat ed I#pas@estiag {reRIcaee ?@%%t H\%/I onal protocols e.g. as per the
E- UTRAN st andagd fﬁWH'a@@&iﬂﬁﬁc|v@1ﬂ¢6@1td"@‘é’&%@&m%§6f d Rvkapedkatibe 1ts
co-located nobile station (rM5), there is t |caIIy no conventi onal

prot ocol i nhd KeUSBASEndtvatk comvrsas amatalﬁ Uép peiserkt at i ons speak to end
units e.g. 20 .npbile statigns re Vi to base
stations. To g@&?%ﬂg Tr?lc‘éorg%(% ﬁ‘ce%% t'o” goer }gfﬁgg%o?\(@seﬁ ﬁ% g pr esent

i nvention, . riRME-H@%orRSHebadSI e @éSusla@,Szﬁ vitialh b o418y B. that myomem&dm@tm request
to an rM5 to execute an NMR neasurenent. Al so provided

progr am pr oductetwednyipiasphgr Eloofpiter RuUSatt 8 Mesageg; EU’P:‘?C&? ‘@B}%prﬁ{aér
readabl e st typically tangible, having a conputer readable
program co&]galg{gngso Sgaclfg}g%]érei n, the conputer readable program code adapted
t o b execut efuti@r iinpkeméatce anyh oertan lendbdirhentsref hlodpres¢rédvinyemignddiscr i bed
herein. It is appreciated that an r all of the conputational steps shown

and descr i 5EHCRereiH Wy b C@E’F?}Yﬂzhe ¢ bt &hefted. The operations in
accordance w gy, tﬁ!ﬁ%letrqg%@&d}géqc@%ﬁi BeRY endddRgeRELF aiBdsdy igvcaapmut er
specially constructed for the desired pur poses or by a general purpose
conmput er s plecibaldiyal berif-cgurahnfemirises deiheragt parkpysaedipna conput er program
stored in ac readabl.e stora

gtgllP gg}re!%ﬁg 4n Iaﬁiﬁﬁ]m}% a"?%h grgg[/ em%odan%n(%s of the }%IAQéﬁ(tj %1&'\"6%1391

processor, e use

a cofputer tl%ccﬁﬁﬁ@ bRt Rha &R m%bﬂéesQﬂthRdﬂ\l ir o zegbmrce ,maalglsraccept
i nformation such as information used by enerated by any of the nethods

and appar at usAshovievidert lldé@éfdali@@jwﬁbﬁéhtﬁ“ ef‘ dﬁ%\‘ﬁe@fﬁ}‘%lﬂ?%%ﬁme&?l%‘bl ay and
| nput _means, > L0 ;i(ggéonﬁ%umc ihe et%ﬁgiﬁﬁaﬁellb@ c%ﬁ@?zsg%n? WMibd Sepr or all

of the enbddi‘meht® F'esent 1 nvent i on unctTonalities of

t he i nvent i@ivehannuand adﬁﬁ@ﬂb\he&i ah@nelcastrmaye ﬁs:;cpb}:sfscslmd bylaaklgmient i onal
personal conputer processor, workstatjon or other 1gr amabl e dewhce or

conput er omagd weHEnit %B@ﬂ%ﬂ%‘l%@f?fd'éﬂ’}?@egtatgﬁnﬁ NEFITHEHEHEE YHIEac &)
specifically, GR0SLLUGL et p R 8EHHAY iRIRGRSS1BE ofc FRIRMIRE: BB A¥icRCT een

communicates via antennae with the mobile stations and includes base station

on

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
25 connection with the mobile station functionality, the mobile station functionaiity
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
30 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



10 and/or printer and/or speaker for displaying; machine-readabl e nenory
such as optical disks, CDROVs, magnetic-optical discs or other discs; RAM,
ROVs, EPROMs, EEPROMs, magnetic or optical or other cards, for storing, and
keyboard or nouse for accepting. The term "process” as used above is
intended to include any type of conputaggon or mani pul ati on or
transformati on of data represented as physical, e.g. 15el ectronic,
phenonena whi ch nay occur or reside e.g. within registers and /or nenories
of a conputer. | The above devi oggugl at.e. vi.a Y entiona
wired or mﬁF@PE%swﬁ%ﬁFY%FmggﬁWﬁﬁﬁ%ﬁ ﬁ%ﬁﬂﬁégﬁé, e.gg bﬁg¥%ﬁ§?pﬁéﬁg?&cellular
t el ephone Rah rde (€ Ars€ 0Py hehagtetswaskng babe astidite contetinetbacl@THe

apparatus of the present invention y include, accordi to certain
enbodi ment $OBT netHErk. rﬂﬁén@f%ﬁ%ﬁtl%é?ﬁﬂggnﬁ égﬁm él_uﬂﬁ%gr Vgtﬂﬁgfﬂ"%i diig g
otherw se %ﬂ%rghéérgs SR Ha am la{xdjgéé’et-_ 10909 R Iehh (WhBRt eXEE Waaledhy the

machi ne, inp nts sonic or a he apparatus, nethods, features and

f unctj onal idvirelsaseftatihe, dravesptitonlysthbnt pmdidde scmbée stheersi in. thaviceryat i vel y
or in addition,_the apparatus of the present 25 invention may include,
accor di ng Péti@e@rﬁ%ﬁaﬂloéﬁﬁlfé%ents of the invention, a program as above which

may be wr i tdi@nalRe@iiYaceQMRR BNt egbadicng dfahgyagent ianatioptisensal |y a
machi ne for executing the 1pro ram such as but not Iimted to a general
pur pose werpuver 2abd el %&%nal |y be configured or activated in

accordance wth the teachings, of.the, ] i @8- o AVt Ofvdabs:
t eachi ngs i‘ﬁ}] 6iﬁod]§p§t%dgﬁ%8#%g§e %%12 g@ é%@g’%}ﬂ‘%?%%e I2)per at eV oln é’i gnal s
r epr gsentiatdive @baphansdngabl obpestasdoMSsubsthnt ésist one relayThe awblodi ent s

referred to above, and other enbodi nents, are dgscr‘i bed inXi.RE@ ail in the
next secloceinn regats of the relgyandr Horsra e %%EFPHP?]IQ Tl iEst Pk “or@tifafi ngs i s
the prop 'ilét)f(g b St &%@s d | QECHES RS @leP 1RSI0 osdhain or illustrate

one exanp ow an odi nent of the invention nay be inplenented.

Unl ess spediufthealil ycstrdtied withereniabe ebediappay ehtthe ropsenhenyalipowiigg
di scussi on it reci ated, that .thr hout the

di scussi B&ha llt“itglflfﬁ%f%ggqr‘é‘?sr?ﬁv a§%gﬁpﬁqtherﬁgiggéss%?q%&? d ?éég%%{ij;ﬁﬁ%hoéb od
Sstlgmft '%1_@9@"1:9 r‘g:@gjnecti ng", ) "r?nki ng", t‘gr?di ng "_cal _cuI 9ti ng o
eterm ning”, "generating", "reassessing", "classifying", "generating",
" pr oduci ng'Typlcstleraoeb mabt hienks' t© ifsr@g}iogz@{gg bqspg"s,tatm@eqc@@fl]%g@,com\é@éigez;} ating",
pfgggglsggr%g#cgge g."e%blgearitﬂcie %QDT%H\? Qt%lnlia{rg%bnﬁlﬂn%aﬁ%ﬁ iﬁ}tl—:?. .98%@9(—’:}, A ar
rRM speaks to its co-located mobile station (fMS), there is typically no conventional
protocol in the sense that conventionally, only base stations speak to end units e.g.
20 mobile stations whereas conventional RRMs speak only to base stations. To overcome
this, according to cerlain embodiments of the present invention, rRMs may
“masquerade” as base stations e.g. by sending a request to an rtMS to execute an NMR
measurement.
Also provided is a computer program product, comprising a computer usable
25 medium or computer readable storage medium, typically tangible, having a computer
readable program code embodied therein, the computer readable program code adapted
to he exccuted to implement any or all of the methods shown and described heretn. 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
30 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 medrum.



10 conputer or conputing system or processor or simlar electronic
conmputing device, that nenipul ate and/or transformdata represented as
physical, such as electronic, quantities within the conputing systems
registers and/or menories, into other data simlarly represented as
physical quantities wthin the conputing;system s nenories, registers or
ot her such information storage, transm ssion or display devices. The term
15 "conmputer"” should be broadly construed to cover any kind of electronic

device with data processing capabiliti i I Slimtin
exanpl e, pers H%Fmgﬁ' WP&?%?“@%P@%F%@h%@%%ﬁ?ﬁiggggnggﬁo oﬁﬁ%%ﬁ%ﬁ?Won ’
E?V: ges, e.Bf %G§E l@dhﬁpl.(t{@r- Gereehh g{b-rE athesi @nglutgr oagss ofev{ddSR)gre macd omoatir ol | er s,
ield progranmmabl e gate array (FPGA), application specific integrated
circuit @%@mﬁmpﬂéwéﬁﬁsdﬁﬁﬁﬁﬁﬁ%ﬁ‘%W% ¥ rEnEEeESHD yiﬁgfgﬁﬂgypgggﬁgfmd The

present | nvents on ey, PEJEEE L WBERNY Ji8csebatiishiy drid hehiBets

. e,
t er m nol 0gy specific to partncd?ar progranm ng | anguagés, operating
syst efrs, inbludiseas)pusy Stemmens honsjancaithisdoel orpilod et embahenthef hicke. |t

will be appreciated that this termnol ¢ is inte n I
D SRBLECLALES, LIat. LS ST OLOR S SgEef e sanyEn Bneral
not i nt epded. L,orfhildi by DEoBCaRhaPhebhitrl Lompitct pfoctBoaRyorpanidCat dlicr
progranm ng | anguage, ‘operating system browser, system version, or

i Prg [ \é! duaiogp%m?d@ld@ devize BREERPDESCRISEFHONCOROREIRAN RSeither general- cart gj n
enbodi ments of the present i ti I : | I |

Sair awi nggumot of Sl EREonl BT Rf B Rl UL Sitahitel el LB W
net }[Nm k ?ﬁ&g@r MERS gﬂ?bjrlsgeatbka}is @rsligldyons machine-rekiaple Reimerasgihmsldplicdd
pictorial diagramof a nohile nulti-hop cellular _rela work i which it
base staﬂ%bﬁ§%@B@hﬁbﬂpﬁﬁwT®PPﬁqﬂ s @%Wbﬂ#?ﬁegﬁgﬂ%g%aﬁkr 5&55&%%15? aI >
rRVE compupgé éégxﬁaép&%%‘ﬁf %tical or othfil Grd# fbSstBrib@bikiale vHb R LamMAke Hordat a

base and a ne | ng the tables constructed and operative in
accor dangeemiridy Ter taimn "eobed] mentssd ofbovhds pntssded 1 nwehtle gmy type of Fig.

Sisasimillied & Agramanou i,0oM e Se5hh ol MeaRy SRRl &

15 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.

20 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

25 invention may include, according to certain embodiments of the invention, a program as
above which may be written in any conventional programming language, and optionally
a4 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

1) 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.



15provi des input to the handover algorithm in accordance with certain
enbodi nents of the present invention. Fig. 6is asinplified
flowchart illustration of a cellular conmunication managenment functionality
constructed and operative in accordance with certain enbodi nents of the
present invention. 20Fig. 7 is a sinplijied sem-pictorial sem -Dblock
diagramillustration of a centralized and distributed managenent schene and
associated rfCM network, all constructed and operative in accordance with

certain enbodinents of the present invention. . . i iSqa
sinplified pi ARk 8@‘%15&%%“ tﬁ%&%%ﬁ%‘r’i’%“%sg%r”? 2PN ?fﬁlt%%‘éfﬁegz%gout e, in
accor dange, W Helie %{Jrégrﬂo ephogi Jremissraef orehgapipesentiow ay embbdiment of the Fig. 9

is asinplified sem -bl ock diagram sem -pictorial diagramof the silence
node of mBSiticoperatd werl¢merdedor dance with certain enbodi ments of the

present | nvenﬁ%@?s %pgcmgi?\fhstgte%ﬁf-eﬂgisa%. Rﬁir@ﬁﬂ £Hnmaks &JINRSnAdigblssiaee peri od

during which efrains fromtransmtting to its own co-located nobile
statin, itgs geprediend thatthatgheaste greificdlorc Hiscasiasi stliznpfermisudh kence

period, such as a zone in which silence is observed,which.is.defined over
at | east PEPESBFSa f rOguEHEY - barfd"ERE A" t i r‘?‘gp%ﬁﬂ%mw, 1%@“8§nam %ﬁgﬁth%’

det erm ned; By ?rg RN RAS @ ¢ S1akingN' SesRedsnat edakatig  Menageting”, 23

Fig. 10 is ‘a 31?1 )i fi eid Bl%ckgdi agrgm.i | [ ust rg% on of an E-UTRAN nul ti-hop
rel ay netpmohkirgdnst r'sictcednatpldngper atrpyi@eiing accordgaeEBE Wi t h SCBEIHNE »

embodi ment s_of the present LveRti on. (Ef.g-o Ihel &nSiTRl Sbeddedd pughart

i |1 ustratHoi" oY Met eratrve in accordance wth certain

enbogj mepts @l drh@sesedysichy entprarssol ar sbuilidElegrérdblcespsineh dascdBasi ¢
measur ement tabl e; nnectivity table: Routj rr;g tabl e; Sections Measurenent
Tabl e whiheh ngenepulefarl/or niransEBid 438 o CRice A e 4 af S Eitb ot Prefit §°8F e
present | nyentd %%ﬁn the_computing %steg@s ke%i@ergré?ﬁl/ﬁbrolgia%%é{ Snfol FBeuaghul in
under st a% rng certaln e O}()lell r‘rg’nt S .
similarly represenied as physical quantities within the computing system's memoties,
registers or other such information storage, transmission or display devices. The term
15 “computer” should be broadly construed to cover any kind of electronic device with
data processing capabilities, including, by way of non-limiting example, personal
computers, servers, computing system, communication devices, processors (e.g. digital
signal processor (DSP), microcontrollers, field programmable gate array (FPGA),
application specific integrated circuit (ASIC), etc.) and other electronic computing
20 devices.
The present invention may be described, merely for clarity, in terms of
terminology specific to particular programming languages, operating systems, browsers,
system versions, individual products, and the like. It will be appreciated that this
terminology is intended to convey general principles of operation clearly and briefly, by
25 way of example, and is not intended to limit the scope of the invention to any particular

programming language, operating system, browser, system version, or individual

product.



10of the present invention. Fig. 13 is a pictorial illustration of an
exanpl e of a rescue operation in which various nobile stations and nmoving
base stations, serving nedical personnel, are advancing over a terrain
where they may never have been depl oyed, e.g. toward a disaster area.
15Fig. 14 is a diagram show ng use of tabled information, according to
certain enmbodinents of the present invention, to cope with the advancenent
shown in Fig. 13. 24 DETAI LED DESCRI PTI ON OF CERTAI N EMBODI MENTS
ghf_fpl!omﬁng terms may be construed either in accordance with any
efinition t eof —anpear| ' : 1,Qh iterature or in accordance
with the spe?‘?kﬁc%tqyg Rﬁ%@%ﬁﬁ@ﬁém@@? 000 I x Radi o Transm ssi on
Technol ogy CPI CHCommon Pi | ot Channel E- UTRAEvol ved UTRA E- UTRAN Evol ved

UTRAN 10FDDFr equency Division Duplex . , , . :
Certain embodiments of the present invention are illustrated in the following

5  drawings:

Fig. 1 is a simplified pictorial diagram of a LTE/WiMAX network that uses
mobile base stations.

Fig. 2 is a simplified pictorial diagram of a mobile multi-hop cellular relay
network in which its base stations are mobile.

10 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

|5 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.

20 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 i each

25 toute, 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

30  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.



GSMd obal System for Mobile comuni cati on HRPDCDVA2000 Hi gh Rate Packet
Data P- CCPCHPri mary Common Control Physical Channel RSCPRecei ved Signal
Code Power 15RSRPReference Signal Received Power RSRQReference Signal

Recei ved Quality RSSIReceived Signal Strength |ndicator TDDTi ne Division
Dupl ex UTRAUni versal Terrestrial Radio Agccess 20UTRANUni versal Terrestri al
Radi o Access Network mRSMbbile Relay rBSRel ay Base Station rMSRelay Mobile
Station QGRQuality Grade Result 25MANETMobil e Ad Hoc Network

Fig. 10 is a simplified block diagram illustration of an E-UTRAN multi-hop
relay network constructed and operative in accordance with certain embodiments of the
present invention.

Fig. 11 is a simplified flowchart illustration of a method, operative in

5 accordance with certain embodiments of the present invention, for building tables such
as Basic measurement table; Connectivity table: Routing table; Sections Measurement
Table which are useful in accordance with cerlain embodiments of the present
invention.

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

10 of the present invention.

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 deplovyed, e.g. toward a
disaster area.

15 Fig. 14 is a diagram showing use of tabled information, according to certain

embodiments of the present invention, to cope with the advancement shown in Fig, 13.



MVEMbbi | e Managenent Entity S-GABervice Gateway MSMobile Station 30In

exi sting cellular networks handover and network entry deci sions are mde
according to radio channel quality between nobile stations (MS) and
surroundi ng base stations. Radio channel quality is determ ned by
measurenents that are nade by the 25 M54 Due to the fact that the base
stations are located in permanent places, the backhauling is considered
steady and there is no need to perform any backhaul i ng measurenents for the
handover process. Fig. 1 describes the case of such a comercial network.

roasur embit o AT R EPNAE, e ESTRERMRSI g per for mances and

the nobil e station's neasurenent results. In a network whose base

stations are bi.l .as. in a tactical mlitary cel l.ul ar .comuni.cati on
ey, et B BabrR i ant o R e e e AR T o
guar ant eendrhidtapPacik b aw tHiengi P aFf IRETRAE BSINRYolien kePith itk dpdei e, ecat | ons.

10 Certain enbodi ments of the present invention relate to a network
ar chi t ecfellevshased on relays that establish multi-hop routes via in-band

backhauling. In this |l utl on eac el ay. has tandard nobil e station

(r MB) thatgﬁgﬁﬂies tﬁ§8%§%@%5 §ﬂ50§?%W'W%¥“#ﬁ@ﬁP 2¥%0es not however

typi cal ly payegkeyboasd,on MisspPhayse1and typically includes only the LTE (or
W MAX) nodem 15This rMs is connected to base station (rBS) of another

rel ay, whi EHJRRS it sEeumed WERtthat is connected to another rBS of another
relay. The s that . l.i sh these connections are according to

E- UTRAN (OF“&?@%&E sﬁgﬂﬁgfgggggtch a route contains several sections. The
qual i¢y of Fpach radi Breg@gilcl Ovisnmaser ed by the rMs of this section and

t he qualitéﬂof the whole route is an outconme of the quality neasurenent 20
results of G&M the selbpbhsier Epbikggienugsatyepi cted in Fig. 8. Fig. 2

depicts a gﬁg?frk mj@Bﬁﬁéigﬁﬁééh@%ﬁ%ﬁﬂgéﬁjma(13)' Each relay functions as a

base station BS) a s side as a nobile station (rM5) at its
backhaul i nB-&iRietd ThierimBS GnadmpivEoafroeokicrleCaymal e controlled internally

by the rRIM- _the reIay\%?&%g Ngnagﬁr. In the event that the rBS
2 E OOl PY

transmi ssi BACEnt er f FES! ofolP¥Fated r VB s attenpts to be connected
to s RSRP Reference Signal Received Power
RSRQ Reference Signal Received Quality
RSSI Received Signal Strength Indicator
TDD Time Davision Duplex
UTRA Universal Terrestrial Radio Access
20 UTRAN Universal Terrestrial Radio Access Network
mRS Maobile Relay
TBS Relay Base Station
tMS Relay Mobile Station
QGR Quality Grade Result
25 MANET Mobile Ad Hoc Network
MME Mobile Management Entity
S-GW Service Gateway
MS Mobile Station
30 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 1s determined by measurements that are made by the



25t he renote base station, the rR_ Mmy cause the rBS to transmt enpty
frames in the downlink. According to an enbodi nent of the invention,
deci sions of RRM - Radi o Resource Managenent, including but not limted to
handover deci sions or adm ssion decisions about to which base station the
nobile station will be connected to, or 2§65 30network entry decisions, are
based on the quality nmeasurenents of all the sections that conpose a route.
26 Each Ms nay have several routes to a static base station. Turning at

first tOJ\Jﬁg Due 1@ tﬁg‘rfftge %F% %Q %@%ﬁ( 21%) 1@ 1?1 %ﬁgﬁtegla&% ttlli'%e SBS in

the foll owing rou rou hi's route cotalns sections : (36),
(29) 1. biduhauigie [sBS:BdekﬂdSstemyt end:dmransnm sieetli mnﬁelf((l’&?)my (ba&)h,aulﬁ@) 5In

the follow ng exa gge assu thatb I\@ can measur e 1the

ref er encé“es“?lﬁh‘ﬁ%t r“ 998y A SF 5 f SSFTIORS Cc?&%%o af\?gmé‘ﬁf/la

i nf or mat 'n%o@bomﬁtm auRd At i QHage tal 008t (B rdads, to( BGke bh@thadh®,
nmeasured by rMsl and rM52, rMS3. Preferably, the rRM of each relay gathers

this Freaswesmentnt nfdrwabilometash aps retwerls bavkhatliner perRVEIANAcs Wed et wor k,

and cr eat eﬁg{estgﬁonw)/%9 ade Restll t (QGR) for each route 10 according to

this inf8H entm?uransferred to the appropriate M5, which is

MS5. The rRM degidesorabolidse hangdongonsoperastitn(adeor dicng: toilitddg cQRar and in
idle node, the M5 can decide to which base statl on to be connect ed.
In or der COBIUBIHIeN THROPYr NEREH PSEMIPEs faoutiansa dgweatically REXSS BifEnt Tabl e

(43) 1s aens Ograataﬁa%e% Bt 3886561 BEdoiinElIm A bl ReBCRPIAARES Wehibrgertain

enbodi nent
10 Cerlam 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 (rMS) that carnies the backhauling traffic. The rtMS
does not however typically have keyboard or display, and typically includes only the
LTE (or WIMAX) modem.

15 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 rMS of this
section and the quality of the whole route is an outcome of the quality measurement

20  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 station (rMS) at its backhauling side. The rBS and rMS of each
relay are controlled internally by the rRM — the relay Radio Manager. In the event that
the rBS fransmission interferes with the co-located rMS’s attempts o be connected to

25 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 hase station the mobile station will be connected to, or MS

30 network entry decisions, are based on the quality measurements of all the sections that

compose a route.



15t he present invention, the nmethod builds in each rRMa table as descri bed
herein with reference to Fig. 4. All rRvs work on the sane tables and
dat a base nenti oned above and t he handover decision and adm ssi on net hods
may be the same in all rRvs. Therefore all rRVs get the same RRM handover
deci sion and the rRMresponsi ble for doibgg this 20process is the one that
the MS canps on. Each rRM bases its conmunication with the co-| ocated
rMS on nessages that are defined by the standard, and, in addition,

specific msss%gcgl‘? M# ma \§e Jar oultes [Sa@t%lg%flsta{lm llu?l% %a{ MR ﬁonﬁiﬁpan

request to pe reasur enent s. contini ca S wt e ot her
r RVs th:’ng&hntH&e;eélﬂﬂktSMSGI(ﬁ $)ccan 26 comssageas tloveds irhie ETDwingtownes: W MAX - R4
protocols, as_is depicted in Fig. 3. Regarding this enbodi ment, the rRM
extracts the MBESEPeeYi [PEovE CB*FtaFlﬁée }I%Se(ﬁgfgd)r esponsi bl e to transfer

this measkr emaflouhan s SRECHLICARASUEATAL (TAPORS, (Wssage Lo the of her

rRVs. Each rRMtypicall | ds, e.g. as shown in Fig. 11, sone or all of
t he f®l | éwihegoBowaly @@mpéa,BJasa&sumeaslmﬁseﬁ@hMSEamne@nlmmaawﬁsIh@ meference

I AL N
periodi cglidity &fi @ctidndeBOr (18S (1) Sat 2kl echdB}d &ygrMaCcarddivg2t evishe Fig. 2
scenar | OP o Conneicét I \I@ Q[ ez;[c%?“lelg afhgfs E?S 13@%?&%&%& ;!nrflorlgjla 101 4 §41)11 to the
provi des PraigreblraticaR y& HE 1, relays

other TRMs in the network, and creates a Quality Grade Resuit (QGR) for each route

10 according to this information. This QGR is transferred to the appropriate MS, which is

MS3. The rRM decides about handover operation according to the QGR, and in 1dle

mode, the MS can decide to which base station to be connected.

In order to form a QGR for each possible route, a Section Measurement Table
(43) is generated e.g. as described in Fig. 4. In accordance with certain embodiments of

15 the present invention, the method builds in each TRM a table as described herein with
reference to Fig. 4.

All rRMs work on the same tables and data base mentioned above and the
handover decision and admission methods may be the same in all rRMs. Therefore all
rRMs get the same RRM handover decision and the rRM responsible for doing this

20  process is the one that the MS camps on.

Each rRM bases its communication with the co-located rMS on messages that
are defined by the standard, and, in addition, specific messages. In this manner it can
control the local tMS and can request to perform link measurements.

Each rRM communicates with the other rRMs through the rRM specific

25  messages over the LTE - S1 or WiMAX - R4 protocols, as is depicted in Fig. 3.
Regarding this embodiment, the rRM extracts the measurement report of its rMS and is
responsibie to transfer this measurement via a specific measurement report message o
the other rRMs.

Each rRM typically builds, e.g. as shown in Fig. 11, some or all of the following

30 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



regarding to which BS each nobile station is connected. 5c. 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 Measurenent Table
(STB): e.g. as depicted in Fig. 4 (43), is relevant because routing

deci sions are taken according to its papaneters. It describes neasurenents
that relate to each section of the actual connection route and a
description 10of alternative routes as well. This table is the input to the

handover ,decj Sj 1. 0GRl 8CES 1 t 10 FLGaiR .- bhe | eft
o de of g AR TRALI0 R IRE LRl PERIFD oF TREURRS Eof i g, 2.
The basi scenmasur enent tabl e (40) describes the quality result (QGR) toward

each base station that is discovered by.the : e, i.s based on the
RSRI, RSRP e kBl Bl &g RO il F 1%'2%@@?&5%%.68 Y (RsRP /
RSSI) (dRLavfier @ WMhich BYERE! mebild @80 6 okl oekis . The connectivity
table (41) provides information about the decision of each M5 to which base

stati®on to beReenneebedes gl as dehistadrintial P442) dascsibayde achal ionfrpndge of
Fig. 4 descrihbes what. ees. It can be seen in table (42) that the
r RM of e%%ﬁmFgﬁ%yuEgﬁgéyﬁﬁéggﬁéﬁity results of each section in each actua

route of deachsddbions MeasurbheniSeailé BB Meas us elvpitedTatifie. 4 M) ispredwides t he
quality results of al| possible routes q% each nobile station., In Fig. 5

the tabl BecaeScrPBEy dleFispassisl &4 Bufes” PgNESlﬁhdﬁ¥ﬁ?ﬁaﬁtdﬁtﬁﬁcg@ﬁngrio in
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t 0 be) conhactediveooutes as well. This table is the input to the handover decision making

process, as illustrated in Fig. 5.

The left side of Fig. 4 describes the measurement results of the scenario of Fig.
2. The basic measurement table (40} describes the quality result (QGR) toward each
base station that is discovered by the MS. The QGR is based on the RSRI, RSRP

15 measurements and RSRQ result toward each BS.

RSRQ = N (RSRP / RSSI) (dB) where N = number of resource blocks.

The connectivity table (41) provides information about the decision of each MS
to which base station to be connected. In the initialization stage, the right side of Fig.
4 describes what the rRM sees. It can be seen in table (42) that the rRM of each relay

20 has the quality results of each section in each actual route of each MS.

The Sections Measurement Table (SMT) provides the quality results of all
possible routes of each mobile station. In Fig. 5 the table describes all possibie routes of
MS5 according to the scenario in Fig. 2. The Section Measurement Table 1s a data base
employed by the rRM and the MS in deciding about handover and in deciding what

25  base station to be connected to.

Fach 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 rRM knows the connection of its local rMS and accordingly can establish

30 communication between the MSs that camp on it and the MSs of the relay in which its

™S is connected. For example, if in Fig. 2 link g between mRS 3 and sBS is



Each rRM has a list of MSs that canp on it and therefore has the capability
to establish communi cati on between them For exanple, nRS2 (12) in Fig. 2
can establish conplete conmunication traffic between MSS, MS6 and MS7. In
addition to this, each rR vHcnows the connection of its |ocal rMs and
accordingly can establish 30comruni cati gp between the MsSs that canp on it
and the Mss of the relay in which its rMs is connected. For exanple, if in
Fig. 2 link g between nRS 3 and sBS is 28 disconnected or of poor quality,
rRvVR can ,still. i Dk gt | - e vike rRM
typicall i/j%%#élleﬂgééggébg&a pg];’/er S, dgg%flpl%%yt%fﬁght g/ﬁﬁllnrllmil}:{%%?etw%} E\:/[a ly, the
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provi des specific radi o managenent applications for the tactical network.
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which it was neasured. This allows a person who carries and uses the relay
to have HAU§HHAFE@Fon of |ocation points which have good QGR In a 3 hop

situation, in WG i Yoaf ARECL e, helist alckisnbase 15
station (sBS) ]'nwg&%%g?ﬁ\fedﬁ%éél %}??’%Sﬁ%aﬂa%gﬁ?cét i %ﬁqi:tggcegrﬁaofu % hg 1f Iil’r st nobile
rel ayo ( 12)mayilisentyachapss dgeraticaliyhehidt therrelagliayn (Hdnovo ftbimehealobdsin pl ace
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by the M5, the Section Measurenent Table (STB) in Fig. 5 is transferred
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met hod provided i,n accordance wi.t.h certain._ di. nent.s.of . he i tion is
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each) posghiiresBSYLe: arlMolirlrelag! @k iappisca(iMplayeanfhie: annesilededy (&Diday to the
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MB1 in Fiegd aﬂieﬁs%ged@ﬁh%@&hé’di%gﬁyﬂé%{ q%'ﬁw bdserivas FP"éEg%%ﬁ‘ﬁ}r‘%ta%@aﬁtaé’onnect ed
vi a nobi éb%e.r elay 1 (nRS1) and MS5 is connected via mRS2 and nRS3.1n such a
case, to ensure connectivity and maintain quality of service and desired
user bit rateThd meil®difopbaridantr drhatwdirkentecias ibompcfformétbingd teerctamd ot her RRM
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20 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 provided 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
25 or two relays in one hop or two. For example, MS1 in Fig. 2, is connected directly to
the main sBS while MS?2 is connected via mobile relay 1 (mRS1) and MS5 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
30 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



30 the end user Ms only, but also on the neasurenents done by the rMss
belonging to this link. The nethod by which the rRM nakes a decision for
handover operation may be based on the nmeasurenents of the MS and the
nmeasurenents of the rMss that are part 29 of this specific backhauling
i nk. For exanple, M54 in the Section Mfasurenment Table in Fig. 5 can be
connected via the sBS or RBS1 or RBS2. In each of these 3 routes the
measur enents of each sector (neaning the nmeasurenents of Ms4, rMsS2 and

r MS3) af&tkﬁksg f@%ch&‘aﬂmgjﬁﬁ atiioP BxarRiTE ONKa ARk KectRhalibAnrPein0 Tt Vi ew,
there are sev use cases that are related to connectivit The MS does

not see iarijiz.0f ctinbe bameacgﬂatl& tesBSTHR B ael@BSgnt gk ef gicae gé‘ﬂ’t%%}ﬁ is a
rel ay BS ézgg %eélvsec?f gach 36{) oT (P’l%? g trﬁé%m‘e%e 419}{1%'8%?7@\/@& %ﬁ'&jﬁ‘[f@ )B”g'c( sBS)

10The Mm% can e a co nation o rBS and
sBS I n eagh @afo dhederacases there are several |evels of quality grades
(QER), which are related to each base station rece tion ynption at

The
t hi s St age |E“E%&ﬁ“ﬁ%@ﬁ“@PéP@F¥HEWe@0$@“3%%BFﬁﬁ?dPeﬁﬁﬁFﬁwi%@ﬁg adgllty
neans that %3? Threshold 1 that enables to transfer up to 64QAM Medi um
qual ity nean Rat RSRQ >: Threshold 2 that enables to transfer up to 16QAM
The MS does not see any of the base stations

¢ The MS sees one base station that is a relay BS (rBS})
e The MS sces one base station that is a standard BS (sBS)
10 e The MS sees several base stations that can be a combination of rBS and
sBS
In cach 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.
15 ¢ 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
20 could not be established in the minimum requested quality.

Each mobile station (MS) or relay MS (tMS) 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.

25 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

30 Where:



Poor quality neans that RSRQ Threshold 3 in which the connection 20coul d
not be established in the m ninumrequested quality. Each nobil e
station (M5) or relay M5 (rMS) sees only "one |layer" of base stations and
its neasurenents relate to this layer only. In order to get a right
handover or network entry decision, thezalgorithmpreferably relates to the
nmeasurenents of all the |ayers. 25The criteria of the M5 for base station
selection is done according to M5 neasurenents, as defined in the LIE
standard (TS 36.304)., The cel |  selection criteri Sis fulfjlled when:
Srxlev >0 3 fmer:6i¢M@M@é§13m%@$mTégﬁmﬁpwﬂﬁéVﬁ%bmghﬁ@etd#“— Pconpen, ati on

[dB] ere P Conpensat._ = max{PEMAX -0) - dB:-, (¥ x| extreas 45 t he neasured
receive |evel value"WgFi?h @m%@WW$"igggipﬁéﬁpégg%@ﬁégygi3§§ﬁ Recei ved Power

(RSRP) as defined in the standard. This measured value is the |inear

average over the power of the resource elements that. carr cells
specific 5 rErdrucs s mrses E°ebh o G ROTaG At Sieh Bcw it h.
ConsequeRLl,ys rbdid@Rends (RORPNEs goifcigrnedsiah@nal Thgmeketh vahe it iR case of
Receiver'S diversity configured for the M5, the reported val ue may be

gqui val efitear Exlvtzmg_e IOikaeﬁﬁhmagéh@fmﬂoh@ep@Wﬁm\?ath%fecs’flr@f thg| qellg ssesicr y
ranches. . eymn is t m n m.sul i Y Lo i cel |,
givenpin“ﬁé%WxTﬁPth18vvéﬁﬁbCPéﬂgggﬁg#%%Qéﬁh%fEg%ésﬁ%ﬁYﬁu%faﬁﬁgﬂérﬁfayers

as part @épehhe oBy sleetorlMfuesdrBighein bBldvakihTyipetheStBe TypRetdiverTtheliv@rsilyevm n
conputation is based on the value provided within the jnformation el enent
(-70 andcoyradipt ihsIMEdbireneried ¢ pye may; b sgERalent to thepepiadysiagsof 88t | is an

ggifgéiEggééﬁéﬁ%ggfaggﬁ%ﬁﬁz%Qﬁkxaiaken into account as a result of a
gher priority PLMN while canped normally in a
Qrxlevmin is the minimum suitable receive level in this cell, given in dBm. This
10 value is signaled as O-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 m 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
15 Visitor PLMN (VPLMN). This offset is based on the information element provided
within the STB 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 bils transmitting this
information. The offsct is defined to avoid “ping-pong” between different PLMNs. 1f it
is not available then Qrxlevminoffset is assumed to be 0 dB.
20 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
25  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

30 RadioResourceConfigCommon IE, which is part of the SIB Type 2.



15 Visitor PLMN (VPLMN). This offset is based on the information el enent
provided within the SIB Type 1, taking integer val ues between (1...8) also
multiplied by a factor of 2 in dB. This gives a wi der range by keeping the
nunber of bits transmtting this information. The offset is defined to

avoi d "ping-pong" between different Pt BNs. If it is not available then

Q xlevm noffset is assuned to be 0 dB. 20PConpensation is a nmaxi num
function as shown in Equation 5. Wi chever paraneter is higher, PEMAX-PUVAX
or 0, is the walug.usednbal JRERIPEASRAIEOBccPEMM & hs b ieids@xianum
power a MSis allowed to use in this cell, whereas PUVAX [dBn] is the
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this relationshi B’ PEVMAX can take val ues betrmen -‘3%&to +§i¢‘, dIBm Only when
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As expl ainbdcatoe wéiethat it igltdnelém}eazlrwﬁtoenst. eﬁcept for Qrxlevneas are prov: fled
via systeminformation. .In a real n rk.a M5 may. recei.ve, sgveral. cells
per haps from EF“F Oé/P]e_ﬁ“fClsﬁ@{ o Réoper S&%\ﬁéy b?ﬁg%@gn%dnﬁ/coﬁdﬁ%‘%\éo glfet%lfl fitIyeadi ng
the SIB Iypeoteich dchiafrdigd In &ehonEsn tothetaficaPEratale 51 e war Ksef PUNND
ldentity). First the UE may | ook for the 5 strongest cell per carrier,

t henid or atchwaPikiNde deme ot ¢l b thddelbetving stehe seiteblyppierad ¢.& BedPHR i f this
PLMN is a suitaple i tity. Follow.n i it rjtierion
and deci des W?TZ?HE? I\?fq}a% %{feslﬁ)lg Ca(%} ’ %éﬂy g? Cﬁé%l.ﬁg’,%@%%ﬁgﬁ %Egﬁgo@gr

deci si onc@emhuendsdisoncdvBl magtisheutper f ormed according to the quality grade of

each actual route in conparison to the alternative route of this end user
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ordered e, Q... D : l: - ¥ y be
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b. |5 casegnwhened theddral & severailthal bedkhatlinges, each route section is
checked and if there.is a ve

checked separately. The is ch and r oor, QGR
result, the rodbé&ray f%%‘% RIS SREE EORST GeV g &Y S%Ct]rOBEIFIéﬁ’y%BY%gﬁt_
backhaul ifldmum QGR FesHoli, CRASGRpMBH 85 1BAL LERRIE BER. FBYSh@lmEAUYER i N
whi ch all sections are above the m ni num t hreshol d, a conparison is

done bet wesmn trhewh rdhe infakémam QERas@cvitb e mindaom Qe @ dagh aligayivand
conpar edmvlg'{et‘h the m ni num QCR of each alternative route.
20 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
25 (rMS) that carries the backhauling traffic; however the rMS typically does not melude
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 rMS’s ability to be connected to the remote base station,
30 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



20d. 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 nethod operative in accordance with certain enbodi nents of the
present invention As described previously, typically, each relay has a
standard nobile station 25 (rMs) that 6arries the backhauling traffic;
however the rMs typically does not include keyboard or display, but rather
only an LTE (or WMAX) nodem This rM5 is connected to base station (rBS)

of anot h‘M aEﬁL:l‘?%mt ’Jv%l?ll(/cl}\ Qﬁébletrﬁctgﬁ\@ VB h3thbs GORORCIDiiLinangt her rBS of
anot her e event that the rBS transm ssion interferes with the

co- | ocat é“dje (SNBicm Mbaduwwcmérabé wenhectetdyed ashedateoicedbisaRM and dre, 30 t he
r RM may se t to trans g the downl i nk. As
Goscr | bedlapairs aher i) BRELF 5 ButcaLd St BOSRr RSB e of 1 owi ng

tabl es: Basi c ARRRSUHRNBBb v, @btie i Toanne Gl fist o YW EakH @ cafRpuin @nd dldr&breSect i ons
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carry angace to another. The application layer of the tRM ties the connectivity of the relay
{QGR) to the actual location point it was measured. This affords persons who carry and
20 use the relay an indication regarding location points that have good QGR.

In case of 3 hops meaning 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 the best place for backhauling and stay
there.

25 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 certamn embodiments of the
present invention, the method may be based on a suitable modification, as described

30 below, of the following algorithm: Fuad Alnajjar and Yahao Chen, “SNR/RP aware
Routing Algorithm Cross — Layer Design for MANET” (JWMN, Vol 1, No 2,



20use the relay an indication regarding |ocation points that have good QGR
In case of 3 hops neaning 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 the best

pl ace for backhauling and stay there. 285As descri bed above, a Deci sion
maki ng nmethod is provided herein which provides a Quality G ade Result
(QER) for each possible route. Usually in MANFT - Mobile Ad-Hoc Networks --
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10 the results of each section (e.g. as described herein with reference to Fig. 5). If the
relay is on the move and its SNR measurements are changing (large STD} 1t degrades
section quality.
In tables 40, 41, 42 and 43 shown in Figs. 4 - 5, the QGR — Quality Grade Result
has 3 quality values: G-good, M-medium, B-bad. These values are combination of the
15 SNR and the statistical metrics. The SNR is the minimum SNR that is needed for
modulation constellation according to the 3GPP E-UTRAN tables.

The E-UTRAN deflines an RSR(Q) parameter which is similar to the SNR:

N = RSRP
RSRO = NxRSRP
RSST
N = Number of Resource blocks
20 RSRP — Reference Signal Received Power

RSSI — Received Signal Strength Indicator
RSRQ — Reference Signal Received Quality
This formula may be modified as follows::

N x RSRP
RSST — N x RSRP

25 #sSINR = MT’I—

RSRQ
rsSINR = reference signal SINR

rsSINR =

In addition, statistical parameters e.g. mean or other measure of central

tendency, and/or standard deviation as below may be computed and may be suitably



10 the results of each section (e.g. as described herein with reference to
Fig. 5). If the relay is on the nove and its SNR neasurenents are changi ng
(large STD) it degrades section quality. In tables 40, 41, 42 and 43
shown in Figs. 4 - 5 the QGR- Quality Gade Result has 3 quality val ues:
G good, M nedium B-bad. These val ues agé conbi nation of the 15SNR and the
statistical netrics. The SNRis the mninmum SNR that is needed for

nodul ati on constellation according to the 3GPP E- UTRAN tabl es. The E- UTRAN

def i nes %1@23@ &?E@Q‘Estu?tﬁb%w ?ncdtl%n- mikarcob®itie mHRod, RSR@ T %p&keS RP
RSSI N = Nunbér of "Resource l? ocks 20RSRP - Reference Signal Received Power
RSSI - Redeimatidn$) grakatSet haghgt keptesditdatcohaR8RQualifRafrelecenddt: Si gnal Recei ved
Quality This rmula may be nodified as follows:: rsSINR =N x RSRP RSSI -
/'V x RSRP 25r RR =1 RSRO rsSINR = reference signal SINR I'n
addition, statistiycal paraneters e.g. nean or other neasure of central

t endency, and/fk %@d@ﬂﬁ\fﬂé\)i ation as bel ow may be conputed and may be
suitably pan)

5 Standard deviation:

2

N
8§ = ;/Z (rsSINR(i}- E)
i=]

For example, in the field, it may transpire that given a fairly large standard
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

10 perceniage 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:

15 E >SNRg( 1+ A)

25 oA
K

[f both conditions 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
agsociated with a certain transmission mode (modulation and coding). Typical values
20 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} fo the threshold SNR so no extra margin is

apparent hence the situation 1s good.
Fig. 12 graphs the above parameters. As shown, if E is high, large S is acceptable
whereas i{ E is low (margin SNR), the standard deviation E is preferably low as well.
25 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,



34 conbi ned, using a suitable application-specific conbining nethod, with
the above information to generate a highly representative channel quality
grade result: Mean: 1 E = sSINR(i) N ,=, 5Standard deviation: N For
exanple, in the field, it may transpire that given a fairly | arge standard
deviation, a lower total grade should beésallocated, if the fluctuation

I ndi cated by the |l arge standard deviation is found in prelimnary field
experinments to frequently (a | arge 10percentage of the tine) yield

unaccept all.y BEOT in R tiof 1§ HeliBhdbr M RaGALd Qv LOMRAtSures such aF0BAI 1 Y,
define the two criteria paraneter figures: Al and A2 (0<Al <A2). Using those

criteri anptvraneber s{ixdetserahae athevigdR say. disipy ehvenPob4ton MFLven
condi ti Og{iﬁm%gi%aﬁonSrll\llegl‘\.fvgrklnoﬁeéa.‘) 28 < A

Each mRS typically has co-located rRM functionality, rMS functionality and

5 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

10 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 sBS! when possible; this is
termed “‘the central approach”.

In stage C the forces on the right side have moved forward. mRS2 1s in a valley

15  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 s via mRS2 and
therefore the communication route for MS3 is changed accordingly, as shown. In idle
mode, MS5 may make this decision whereas if MS5 is in active session, or 1s occupied
with other network transactions, the decision may be made and initiated by rfRMZ2.

20 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 conneclivity
decision, 1BS2, is wrong. The section measurement table for MS5, however, indicates
how 1o rectify the situation: MS5 may be connected {o rBST.

It is appreciated that terminology such as "mandatory", "required"”, "need" and

25  "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 Hmiting 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

30  programs and data may, if desired, be implemented in ROM (read only memory) form
including CD-ROMs, EPROMs and EEPROMsS, or may be stored in any other suitable

computer-readable medium such as but not limited to disks of various kinds, cards of



LE If both conditions apply for A Al then the QGRis G (good), else if they
apply only for A-A, then the QGRis M(nediun) else the QGRis B (bad).
Al'l these QGRs are associated with a certain transm ssion node (nodul ation
and coding). Typical values 20for the criteria are Al =0.1 and A2-0.5. If A
is close to 0, the STD of the signal is3yery small and its average is close
(upper side) to the threshold SNR so no extra nmargin is apparent hence the
situation is good. Fig. 12 graphs the above paraneters. As shown, if

Eis high,.|ar i agce dherEni S shBWBE N eSNR) a1y t he
st andar dbﬁieé\ylggg?%%ﬂg I's %’r g%@?gﬁ?n\ﬁwﬁ%ﬁes V\%ﬁn 73 I%ll(cg." }??;1 s aiep}f”ct ori al
i |1 ustrabé omlefeand edalipbepotlyan hadeue, dpksiatd, ominigreowhintionsldedhmirgiesobi | e

stations_and noving base statians, ,servin i cal personnel ,. are ,advanci ng
over a tgP?‘é‘?r???ﬁhé_ EPPRYS _‘S?C%é%‘erheﬁ%@ed eg%ga’ébq &y, 4 ?réi.aﬁij% ¥ a

di sast er ;;ff18@entbd whd11RBPHAAL &l @rthatif ddeed aleuainvi@aindr @shipdudshe terrain
may include, 35 instead of or in addition to the t opogr aphi cal features

shown? ot her Iehrad és thastrraoifthe paesaridingenitnthanet Pkt.ure $ISTPREENGE whi ch
may di srupt .c nication. e I ' r o) <Eacly nRS
T oo 1 VB S ST S0 RERARER GRMO K He A 0T MR BRI TRES

functi onaly by thamesh@anshoAnf ids tlesstibge hefent, i siyss tembis oshownmashist-age A,
communi cation |ines are indicated by a triple line. A_secon tate of the
syst em | EASHEWHSHECTIONa G 18 OFB Y CaEL 86 114 Heas dray of eea?tgaﬂ?ﬁoﬁﬂoafﬂsm i d
line. A Lhgleshal @cllin sy $higMld Sr@NOVWo88inS LRYR Cic GOMUALAAL ibgn | i nes
are indi %:rgft g?{"’?@’ a dot ted r‘lii%e.l As srhO\(\’n\,,miO% stage%,&: al | the MSs a?e
convent i mactihy toonblecingsbdymgt herogBS) oHowdvelions gxecdi@blsttagdc Baadheeflor ces

nmove forward. MS1 and are_stil] .canped on the S whereas. al|l ot her
bl o bl es e es N S PO buf SRS e vied B DRIES s 4
gener al | 28GR0 ng_cb@lgjﬁéf tpgég?arﬁrﬁ?@(ﬂjsmﬂﬁ@risﬁgrew:&ﬁpdt&r eavicdeeiiy sBS1

when possible; this is ternme the central approach”. In stage C the forces
on the rhaytig sordeuthaveadpy edoganvendd. suRSE pxcchigbly gadel bgving SnrdicHas

ti ith S1, bt nnect i W . T, :
chown | e 2% O TaRRs Al B E AR 08 AP BB Pl P £ v

and ther gf @feas bhenconimd migaidseRok o uhe déFibdBhcics:, thangediaakcodet nglky, as
shown. In idle node, M55 may nake this decision whereas if MS5 is in active
sessi on, fegmigad cHeeinhraghniidit Y har et ke sleangadty shde wHeodedPshon nay
be made and, i nisti ; FLg. o L 5+ N Hepl-aphesqdescri bed
her ei n S%anp%ers%yﬂieﬁlg{e?e%%}q%n }%ﬂ%légiugh?%%&eggéqn%ﬁgr’o F%g. )1%@%5 shown, the
t abl es sdh@wetdratonitinsivagd sGh, MExrsmMsd dompagoti,vilonye oeiti @ndnpatioBS2y3yi s

oG T PSP RSPl La0Le Ler Mg houeyer, fnd! g8t gh o to
20 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
25  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
30  shown and described herein, in any suitabie 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 med:a.



It is appreciated that term nol ogy such as "mandatory", "required", "need"
and 25 "nust" refer to inplenentation choices nade within the context of a
particul ar inplenentation or application described herewithin for clarity
and are not intended to be limting since in an alternative inplantation,
the sane el enments m ght be defined as nget mandatory and not required or

m ght even be elimnated altogether. It is appreciated that software
conponents of the present invention including 30 prograns and data may, if
desired, be i ( f hudi.n ROVs,
EPROVE and. EEPROVET B ahg optr SR (R HTRR A JBHT BIg ke BLAEn (Y
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order; nachlne readabl e instructions for performng any or all of the steps
of any ofoltd net hods shown and described herein, in any suitable order;
program st orage devices readable by 10 machine, tangi bly enbodying a
program of instructions executable by the machine to performany or all of
the steps of any of the nethods shown and descri bed herein, in any suitable

order; a conputer r oduct . co sing a_.computer useabl e nmedi um
avi ng conput B HERaRRe G RO PARHGIRTCR A e BRORU P P U Eade P HEG! ng
enbodi edehB&tiRlchts @@ddiga;r bd el el NOcEIRHIBIN headabEabRIAGHA MG e §,0r
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drives, cau5|ng a conputer ar other device.to b i SO as. to carry
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downl oadedpilavikblergniiodi gpremytedrthal in b ddaenmtcmpsn@fdlmyg@fsh@\m amdt hods
shown an%adescr

upl oadi n sgibdo bFﬁh Pﬁ%kgﬁkwﬂ gﬁ%ug%gﬁéthﬁﬁﬁ%%fua?ﬁﬁggg?J@EE%m]ﬁﬁ%or

client/spERbf Ygh NGoSHE Bro@de Ransuas®R Wil sBpperdoniBinanyd dindlohafest he
steps of any of the methods 30 shown and descrlbed herein, in any suitable

order, edeshigredaboibisapiedin a@dnjftiim@t mvh stwbe by ithiar ean Ay t@o@rﬁmdéqé “seadabl e
nonnﬁcalnsgfgft %g?dﬁoﬁgzu?lgg ﬁleFeo%C& b%gaig' G GA 57 1ﬁu§1,181t0§ @gﬁ&lst Rehidfls UHChe

I ne-rea
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 ali of the steps shown, suitably ordered e.g. as
shown.
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37 Any conputations or other forms of analysis described herejin my
be performed by a suitable conputerized nethod. Any step descri bét Her'ei n
may be conputer-inpl enented. The invention shown and descri bed herein may
include (a) using a conputerized nmethod to identify a solution to any of

t he prohligrs or for any of the 5 objectives described herein, the solution
optionally include at |east one of a decision, an action, a product, a
servi e or any Auheying a¢lbrlereropBrurdession SHéem KeRWIsINEhat i npacts, in a
positive manner,..a Prabl ¢ bj i3 i.bed.:herei n: :

but put t 1 nget RO, BB Riaf! EEh KERIHRTPha SR (lcondl, bikdic 1 oy
are dgseidcbest inabilhaatanfigxtionlits epacdsatenbodi nents nay al so be provi ded
in conbination in a_ si n%I e epbodi r’ant_. Conversely, features of the

i nvent i on, Whereingich §aifetHist Wnenalios ORTAIES HeeBPTBUEF 61 BYEVWRE Y Pn t he
cont eéttleél&ft offe oL %ﬁ‘&?ﬁl@f BN dOfind Dhfkt GRES Bh 1RFIBEWIRY, RE wbfeRYh SR8
separately or 1n any suitable subconbination or in a different order.
"e. g. basestatise duvapeility has 4 pleyssehsemnettica tepechbfivcatekadpl mavdgech i s not
intended to be limting, Devices, apparatus or.systenms shown coupled in any
of the dr atPEge ﬁ%} mﬁg¥}‘%§fat185 E‘H?tgg?ﬁg{yeﬂor?w&wﬁ@i‘ﬂﬁla ?eﬁfl%et Wd‘?‘ng i %certai n
enbod{,ARASs BhscFBYioRFuk@BRAY WéhyADYieARPE SRIhat&iiwiihRd or Wwirel ess
coupling such as but not linmted to optical fiber, Ethernet, Wreless LAN,
HomePNA, poherid thaedi@@asagarimeashiidvidudendviphodey c@mmisesl ackberry GPRS,
Satellite incl ud{_)aﬁgo GPS, or ot her HDbi |l e delivery. It is appreciated that
in the descript? aWEmHF%%aﬂ%gser’saﬁlovm and descri bed herein, functionalities

described or il fustisralifd (&S cSMShEAE ARGMSHON Unith Sadibemeaigenamchldso e
provi ded as nethods and steps_therewithin, and functionalities described or
i |1 ust rat estosiwgngleyronberdthen sudpylivider eVt i5lavan al so be provided as 25

syst e Ande st RAl Lyt ipﬁfsg@fox-égﬁ 6R) £s456¢ nxa%a% | WIS Gl B 1eQUr] ement s

in the drawngs I's nerely exenplary and/ or appropriate for clarity of

pr esentptdiahmabie katimoteckineentedertval, benddfmi ti ng. Fl owcharts included herein
are used for sinplicity to exenplify nethods typically conprising sonme or
al | of theagplenkasgs@HADL i tably ordered e.g. as shown. MC SLIP CLAIMS |.A

novi ng Celéb‘is@@ta@iﬁmiﬁgéﬂt?n system conpri si ng: a plurality of
movi ng relays each includi ng base station functionality, a radio nmanager

and mobivhehss adirent faidhoilivoded! intopjle atatiog o1 drdeatogapvide cellulsymomenyniestion base
station functionality is operative to conmunicate via antennae wth at
Ieastseﬁﬁﬁesﬁgﬁf’ﬁ"e station thereby to define a first radio link there

bet ween, and wherein each base station functionality has a physical

connection to its co-located radi o manager, ) o _
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 regarding selection of
a cellular communication service provider for an individual mobile station seeking to be
served, even after said decision has been made, thereby to generate a database co-located with

said radio resource manager.
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wher ei n each nobile station functionality comuni cates via antennagwth a
unit which has base station functionality thereby to define a seconé}radio
|l i nk, wherein the radi o nanager in each individual noving relay conprises:
a radi o resource manager; and functionality for exchanging

inforgation with rAdhp,/RARAENS dHG! Ldadrdin saaavinmn{aabﬁxlgecgw%ﬁi_dt Aap said

i ndi vidual noving relay, whefein said information is use y said radio

r esoursseuvamagezer irelgkk edormdton ataihalafsem dssotlneited bhsalstatiob finetienddity on
seeking to be served, one of: a static base station; and a base station
functionality, to which to connect said individual nobile station in order

to provi deACgkietl Rbo@BFRRIAALT GNcIsal i wegeihhaidahrmaBon Ascdsisan @ewor di ng
to claiml operative in conjunction with a cellular network including a

cor e wewirce, manageeaicludae infamatonaskiaigedt from indodopedi mebidh H4tiagpbi | e

statiﬁ%%.qg%nunicating via antennae with at | east one of the base stations,
wher e P198%st one t opol ogi cal change in said system occurs dynam cally,
sai d topol ogi cal change conprises a dynam c change in at |east one

connection between a noving relay and at. | east one of a poving rg&ay and a
stati® base st af\isyrem ageordingfe CEmacvirginmgic giamatian obtimed Siof $¥d fEast one
radi O{o'::gt%&) %0%?18:}%9 %nétf?)ﬁgllitjryﬁs LA &Se&h 4 @@a%# orOiHe ﬁ?lfr haR Jriaf HabBlion it
uses to0 nmake a decision regarding selection of a ceflul'ar communi cation

ser vi garqataisiider sdidsecand ratikh inklual nobi |l e station seeking to be served,
even after said decision has been nade, thereby to generate a database
co-located with said radi o resource nmanager. 4. A system according to

clai my 1 wherei nys@jsllyi DEQRM:RE tONIdRed Wersal id adicRof ASRYLEE pARARASH
includes informati'on obtained fromits co-located base station
f unct acnalaintey with. a Lelby st @mmowiortdinngiandard land iteran seldainfermagipe rie¢lndesai d

obt ai REPaP S5 Bt e bt SRR Ghecb B A6l °°

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 cach said mobile
station constitutes a cellular communication node and wherein said links generate routes
interconnecting said nodes and wherein at least one radio resource manager residing at an
individual node is operative to compute a route quality parameter characterizing quality of at
least one individual route passing through said individual node, by combining information

pertaining to links along said individual route.

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

qualities of all links forming said individual route.
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6. A systemaccording to claim5 wherein said information obtai nedsf¢iom
said co- located nobile station functionality is derived fromat |east one
measurenent of at |east one characteristic of said second radio link. 7. A
system according to claim®6 wherein said functionalities are provided in

accor dance wthfxu(ii&&hul?& tg’rmﬁnblggﬁl e@&gagagdra%g gL €l ras‘tg,led in

i nforn®tion inc S I nforma prow y sal e st |on
f unct t@fjaddtion with acebuldanaeovi fnelrigla sbar:ﬂeammb at Bastforsysatenbae cartiding t o

claim7 wherein said cellular conmmunication standard c ri ses.3GPP E- UTRAN
Cre Mg & ROy s B US RUTLHS o6 GORTE AR ARG iy Gyt PROS e Ptfos ot

| east stg‘p Ognm&rmrﬁ%y indBRRGE rowkf cofﬁ'pﬁé/e%taex@u?ec&%hgétﬂx% &R BhAkdNal nydier ei n

each said hovin and each said nobile station constitutes a cellular
comumi & d¢asomengddiee statik bdseseiionsai d | i nks generate routes interconnecting
sai d nodes and wherein at |east one radio resource manager residing at an
i ndi vidual node is operative to conpute a route quality paraneter

char ag eri Al RgeftiRlcbidinglo Mimd PadbredNid Blitoth HigderstBlet By @AFSicign Widhaugh
sai d i ndividual node, by combining information pertaining to |inks al ong

sai d $tadd vitswalk incdutieg a cpte devies i émsh@%ﬁfatlﬁ@aﬁ%sféu@n, mnde ppRHdian efi d

di
Coi RBOTT HP B ehore pentar o HCira iR e b Qb Go el B ORELEY |

conputdcRdndivitiufl 13K xﬁﬁ@@bxaﬂmaﬂ@oedalbuﬂsvecdﬂmfﬁﬁb@tﬂy Righgpekspeahéctonqoidid t i es
of all links formng said individual gaé(f 12. A system accordln to
cl ai n¥tatlc weisiosl fans Bloyids omERIRIgatsFer afﬁ Wﬁ%ﬂéﬁ?dﬁé&q BANAgEE B calecd eyl ar

net WOM{% ' &%o]f‘f%&%xoﬁalﬁgrﬁet\ggéﬂ ﬁgbﬁé”‘gtaﬂlﬁﬁ%ﬁat%]@ cORbcg (D38 &l-Rlch@Bbagnd a
nopl | e

popul atron o tations conmunicating via antennae wth at |east one
of thaati@semsti@talions, and wherein said individual route conprises a route
connecting said individual node to at | east one of the static base
stations.

14. A system according to claim 13 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 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 said radio

manager, between mobile stations that are connected to said at least one base station

functionality.

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

to which said resource manager’s co-located mobile station functionality is linked via a route.

17. A system according to claim 16 wherein said route includes a plurality of links.
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13. A system according to claim1 wherein said systemis operative M®SLLP
conjunction with a static network including a core device, at |east one
static base station, and a popul ation of nobile stations comrunicating via
antennae with at |east one of the base stations and wherein each individual
radi o nager. t hat does not, ha uffi.giently high Lty ectjon to
t he sllg“?i c%n%‘fséevg} RECH n% 00‘\‘,191311}3\f§3"ﬁ11~?geﬁ? &3 ir%ﬁr}? ré&l;oélr%a?l %ﬁ%f@%@% s(r;lgidi o]
nManagaidisdea o abasutbas plusdlry b Foute! gadlitp padaiicyers Bigtaneerespondingeplatatityi ons
that are connected to sald co-located base station functionality. 14. A
syst eff wetOHHIHEVED clai m 13 wherein said systemis operative in
conjunction with a static network including a core device, at |east one
static base station, and a popul ation of nobile stations comrunicating via
ant ennge WAl dys@in dceaslingonelah 1 Hevikase ssidatradinsesmdeaninenagen peaddesrsadi o
manager that does Qég have a connectign.tq the static netwrk can, provide
cormuBiuEalty oW rouie AUeKivaParAEFeTSIal™ sty guateRabils slatien cPYESEEFOHEE &9% at i on
funct 9pal kiioReEEM RIS SiBLHRNS BRI maffeconnected to said

co-l ocated base station functionality. 15. A systemaccording to claiml
wherein at |east one individual radi o manager can provi de communi cati on,

via at,. |l east one base,statipn functional. .i.nked t.o,said radio nager
et wodh mobi 18R ALPGHRE Fhapmary Shmre vt ifmiRs Sale BtsiRe

stati QRed UNgHicAB& Which idR-itsA vy dcideCORidh Ditthaviah date datiefiatiomragh
resource nanager is operative to selectably establish communication between
at | ediss tohe comisicled, Bt mekoprid davisiondwsed at tepst i PHt ap sdidduelist af foyts
functiqﬂglit agg at | east one nobile station connected to a noving rel ay
to whilth"$Bi"d"¥&86ur ce manager's co-1ocated nobile station functionality is
i nked via a route. 17. A system according to claim 16 wherein said route

includes a plurality of Iinks. 18, A,systenLaccordiggito claim 10 wherein
sai d Phdi oAreEistr e rdgStamdsVReSH Bid BErEAiAn CotELITT o 8 cBnpiess a

Pl uralbh¥e Qb ksl hiuBel SIPRAES: DA mBafiRLhGRARAAI NG plurality of

route altérnatives. system according to claim18 wherein said radio
resource nmanager provides said plurality of route quality paraneters to an

i ndi vidual nobile station connecied. to,the base stati functionality

co- | otht edAPETRETH IR BeDUR CEi LG Ao D0 RS B 4 SOREHY ¢ o

cl ai m L9 whese MngRhdid Nl Vbval b A€ 1atabhONmeSuaReaAt bVt Mhenoden a
node 1n which it 1s 1ts5 own decision to which unit having base station
fini cthapavadristiy of said §irst caddelivlonnect ed, to nake sai d deci sion based at |east

in part on said plurality of route quality paranmeters. 21. A system
according to claim6 wherein said information obtained fromsaid co-Ilocated

23. A system according to claim 22 wherein said information obtained from said co-

located base station functionality includes said at least one measurement itself.

24, A system according to claim 8 or claim 9 where the information includes a rsSINR

(reference signal SINR) 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
antennac with at least one of the base stations.
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nobi | e station functionality includes said at | east one nmeasurenenfcditisel f
22. A system according to claim4 wherein said informati on obtained from
said co-located base station functionality is derived fromat |east one
measurenent of at |east one characteristic of said first radio link. 23. A
system according to claim22 wherein said information obtained fromsaid
co- | ocated base station functionality includes said at |east one
measuReénment |Sy$@hfaccgﬁimg°\t@y$manﬂéciu@r dispgeanapreding m 8lar netvairkn @angger e t he

i nfor 0 a_ rsSINR (reference signal SINR) netric. 25. A system
accorggﬁ% @ngﬁﬁWﬁgft SRR M R AP T Hual nobile station is connecteé to
an individual base station functionality and wherein a decision to transfer

sai d individual nobile station away from said individual base station
f unct 2&nal systeni accprties tyclainy égﬁmﬁ@e frapllgest one mabdlgsedonifunsctionalyy |Hrqa!i w dual

b t
ase egfat dn%r}n 1%{2':1%3 m%@fngtrgla é?d %éhei%%%é? r%’ﬁ&g f&n%ﬁg%ﬁ tg]aé‘rtn One st at i c

conpr ng a ce core device
base Bisalstadion f@nﬁoﬁamm@!ﬂla&hbﬁﬁg @eﬂa;ﬂ@theﬂ masﬁaﬂumﬁdaﬁmmnngmia}ng vi a
antennae with at |east one of the base stations. 27. A system according
to claim26 and al so conpri si ng a relay network manager (D sNetRM | ocated
at a sgati g DEINOTKHAl QeM géamé SYSLEMLAL ORI HHRG EQ1utdrt Bydrk

wher ei'n, for east o tlonfunc lonality in at |east one

i ndi vmdhﬂ[ngm\wmgdavedf:ayt; lessalcﬁhewmttc twise shatibasarsbs postlatidnool mohid¢ sehals ty

conmpr i ses 8 base. statlon [unctonallLy,0f,8 fpyi,ng relay other than said

wherein, for at least one mobile station functionality in at least one individual moving relay,

said unit which has base station functionality comprises said static base station.

30. A system according to claim 1 wherein said information, but for said exchanging, is

accessible to only a subset of said radio managers.

31. A system according to claim 1 wherein said information comprises link information

characterizing at least one of said radio links.

32. A system according to claim 28 wherein for the mobile station 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
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29. A systemaccording to claim 1 operative in conjunction wth aMééLLul ar
network including a core device, at |east one static base station, and a
popul ati on of nobile stations comrunicating via antennae with at |east one
of the base stations, wherein, for at |east one nobile station

funct | i | S i el : i I ‘sai Nk whikch has
base St aedpiierto R ARGy MBI HIRACCE, Boula, famnhdighil
syst emoade stadomgithahebai mule wohee eif thesitd Hand stpnwtsi on, but for said
exchanging, is accessible to only a subset of said radio managers. 31. A
system according to claim1 wherein said information conprises |ink

i nforgation chanaghpild ZMGudicati@ashweesyefers ahdathadh @ohjubkifon wilk a cbreSyst em
according to claim?28 wherein for the nobile station functionality

co- | ovetvedk wictudingad ebradevinganddt dsasoetvetatichpse station. ithrisysieguedmpringig rel ay,

said unit V\,h{ c%. ha? bayats%ati gn functionality al so conprises a base
station fuRTEHET PE o8 W ng relay rather than a static base station,

thereby t 0, pbEMieh GuhbbitdRionapahindunicitisOvidainttnBYysianthe Ble sthtisnst em
according to claim 27 in which an indjvidual nobile station is connected to
an i ntheiagusiptigngdactadiag ableastone maying basy sSEHEN RRGTHeIHBUIYeRFSY 8 A1ECB14S ansf er
sai d i ndiyi |. I j Le Lndl v 10N
o W SRR SRR IR S plebubesrustelier
34. Amsyit emiace inctdomgitd gl cd-hicmed Qvitindle dasostabopfunsiiomgpligy,cel | ul ar net wor k

including a core device, at |east one static base station, n%_a ul ation
of nobile Y¥abIseratBntiprieRibhgavirg %H%M@’ﬁ“ﬁﬂn%“?%é% ttﬁl"o ’éSto‘%g e base
stati gns, WhenRi frsdahflo! NI UM inFOPLh&ish AlohRELERCHARShE O nRBARMthiRIR
conneglt ?a ’V\n{t h tshe u?li t hFl Vi ng basebs ation functionality MCSLLP whi ch,
accor flinagornatits ahel nuibile atdtiby fofctiooslity capuahitigatipgramettensie withwi test ewi d
i ndi vi dual nobi.le station with the best route to one of the static base
; esctable static base station,
stati :
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 fo 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.

37. A system according to claim 35 wherein said information regarding quality of

its own connection back to the core network is provided by its own co-located mobile station.
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35. A nobile conmunication network system operative in conjuncti ofGGUT a
core network including a core device and at | east one static base station,
the systemconprising: a plurality of base stations; and a popul ati on of
nobi |l e stations comruni cating via antennae with the base stations; the base

statiqps includign Vv Es.54 8l Ak M MRLgdses via
ant en(rglge wtht #egﬁ%%n %le st {l%gcr%%ﬁajrlﬂg}l%gﬁl c?zsﬁtfgseﬁ\sef?é%?%%gf unctionality,
a fir sdgardichi chammelagalityawtichollid dast adtioms afaiatdt ito padvideymabile mﬁdrxscatﬂeﬁ W th

t he base station functionalit t he bas ion fu nal i t haV| ng

g BECRE Aol Ga-lpetd edie Tegt B AHAReR PITE] PRocp

{nﬁnagg%ne?gg& ’QQsﬁdBﬁ%?lle%?a'noﬁ&%@%tdl&ﬁltw th the nobile station functi onal ity,
e I

station functionality comunicating via antennae with at | east
one selectable static base station, wherein the first radi o manager

conpri,ses: ara esourc n d nct i onal i ving
i nforration f ro% SYAIE %@H&F%n% ﬁ%&ﬂ ?I%Wr}l SFsi Saldd?ﬁ? atl’%]d’feéar mr%s@u‘ahlE 5

r espegdiel¥aitBid R6aLRGW bdie olahek fIraNOBIE: HafmsSh ad afsity anthefitdividahing t he
info' illation to determ ne whether to reject at |east one nobile station

seeki nglecotadaadiomendedryis pipvided byl @A waloeatsd a1obPa s@Eeei ated with the

i ndi vidual co-located radi o nanager. 36. A system according to claim 35
wherein said informati on conprises information regarding qualities of
respeggive ConnﬁCéﬂs@ﬂSa@Brdi@Sﬂ@&ﬁzhmveBwlmeeih egidtogitkr radlo mamagadeoperbidak to
the core network is provided respectively co-1| ocat ed rad| 0 rraﬂgt%grs Vi a
a sel Bceamepundonpgtleast QIEeaWE”l(Bl&z@O?{ 16 Bt BPR FPEMCsBAGSPHEoa afigy Be static

base Egﬂ%élﬂ oPhodt €A & £5400; gwhgﬂ%e individ Bal TR G RRAGas LahhRAiGaPabl

of provi SetVice to the indivi radi o manager's co-located nobile
devi ceith tBd corA nsywsdre mlaat:l@as}l iong ptrametaaichudscvibieg eharebaivd guatity rofetdhor!

rpfg\a/ r grlén% @ ?%(& Mﬂ]&%}uﬁ&gg@gﬁ%n &%FVIé n bac%ﬁit gtattiohnem grmeatiggtivﬁga(tiv!esof

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 (signal noise ratio) value, over sections which together compose a route, each

section having its own SNR (signal noise ratio) 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.

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

plurality of mobile devices in said individual radio manager’s vicinity.

44, A system according to claim 35 wherein said moving base station observes a

silence period during which it refrains from transmitting to its own co-located mobile station.
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38. A system according to claim35 wherein said information inclyges p

i nformation regardi ng channel quality which other base stations are able to
provi de nobile stations in the vicinity of the individual co-located radio
manager and which is provided by reports generated by said nobile stations
insaidvicinity. 39. A systemaccording to claim35 wherein said
information regarding quality of service available fromits own base
statioh fon sl ecotditg onslaim thevheiati af {gasbbne lebaraeidiisticdoiabai¢ gilkwegat ed
radi o manager is proyided by its own co-located mobile station. 40. A

syst eﬂ‘?ré’gic‘ggﬂ?aﬁﬁc{ib’ (}c/qt%ﬂnl’r’i‘eé%b%\tfﬁ?ﬁ FEIVHES fi‘“as%ﬁﬂ%ﬁ cgg%‘faéﬁ%ﬁ:ﬁﬂlgd%?migg' operative
to conpute, for at |east one individual nobile station, route conparison

information including a plurality of routes of base stations via which the
i ndi vi@ual nobi Aeystatacerrdgario commadivdmran ipidiThareteaisiecananitss k Zafdnat

ot o8 SRR as A v aeb ot AR ol Rl b BeY Bealohel baRP R Pl

i ndi catjgwe. of said route conparison infoimtion and wherein said individual
nobile station is operative to select a base station to be connected to at
| east partly based on said information indicative of said route conparison

infoipmtion. 41._A.sy : ol o L A F%}gr' S al xter IS
basedﬂﬁpon a m'%is%ﬁren ﬁkgﬁﬁﬁaﬁgh{;%gﬂfﬁﬁg@ég ue, cgv rl'~l §§e%%aigg%gr%mi ch

t oget heRACOAEGSE.a route, each section having its own SNR (signal noise
ratio) value. 42. A systemaccording to claim40 wherein said paraneter
characterizing route quality is a conbination of neasured qualities of

rout egsections z@.@gst&m%Eéfﬁfﬂgqg%laﬁrﬁggeﬂieréﬁqpa hhdi-hb e Wb @SR fhii@Nfou &h
| argely fluctuatihg quality nmeasurenents are deval ued due to their

unpr edhied mbihich . relad R thiet Sy sorerri@d dortlti eye tnetedtdi iz 38othprerckiynAateldyeBst one
i ndi vi dyal co-1ocategd a‘gio n . n¢l ud a nobile-to-nobile direct
comutt %?P’&ﬁsagﬁﬁq?g?cgi’? ngfrgﬁe\f?}%g%H ‘gyo’ aggli?rati ve to provide direct
communi cation, not requiring said core network, between a plurality of

mobi | e devices in said individual radio manager's vicinity. 44. A system
accordfi.ng to clAisystes aserdaiamtoselpien ADwhetribaaid statiet base sehge iy exlogaél| ence
peri od.tgur.i ng Vgﬂ ch it refrains fromtransmtting to its own co-located
mobi | BRSEECET 948 45, A system according to claim44 wherein at |east -
one characteristic of said silence period is dynam cally determ ned by the

novi g base station's co-located radi g_manager. . 46 Aqiygéﬁg(m according to
cl ai U5 wher eih S4fEN claPEBIl? HIlE SSnPhesEy sgid, gRysic CRNB8Ace i s

obsgr(\;/o'pnvé@g &{‘Eihﬁm%{aﬂ&&?c%nﬁé!&iron?t | east one of a frequency band and a tine
wi ndow.

51. A system according to claim 35 wherein said radio resource manager

comprises an E-UTRAN radio resource manager.

52. A mobile communication networking method comprising:

Providing a core network including a core deviée 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 basc 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
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
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47. A system according to claim35 wherein said network conprisesi@sLLP
tactical E- UTRAN network. 48. A systemaccording to claim35 whereinif 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 hat.. R i,s A s..anchor. . m J: | ai m 35
wher ei n sa?ta&%l{ g%(rfc OBy éea{nio He iSgaug%-ﬁugég(fnggt%@%&su A %@%S@Q rel%??:%. 50.
A system age@rdidag dne selkabble3Rtivhassaitnionai d physi cal back-connecti on

conpri ses an Ethernet back-connection. 51. A system according to claim 35
wherein sai d ratherciesadr et o GemagSPRRRIEES ¢h Il UTRAN el B s ce
manager.  Afichdibidi G LA IhE AL AERIRRK LM IPHIOM £BIRE! Shi%adio
Providing a core network I ncluding a coré device and at Teast one static
base st ati gRnhagrPkespadtively @flobasé withathensiviagbasa spaipos;ahdon of nobil e
stations communicating via antennae with the base stations; t he base
stations including at | east one noving base station which comrunicates via
ant ennae Wgéiﬁg ha MRRkago t?(%!d@ﬂ%ﬁnﬁl@dyh&ﬁér%er%jé@%@_lé&s@fth'i'nJHi'i@%tétt%m ity,
a first radio manager and nobile station functionality all co-located with
sai d lbakmgst bt saned byet ididllud paset hasiopaswostted wih stiddustiredialnianggdravi ng a
physi cal back-connection to the first radio manager, the first radio
manager havi ng a physical connection with said nobile 45

53. A system according to claim 35 wherein users are shown a good location for Quality
Grade Result (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 (quality grade control).

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.

56. A system according to claim 35 wherein said information includes information

recarding qualities of other base stations’ respective connections back to the core network.
reg gq I

57, A system according to claim 35 wherein said information includes information
regarding quality of the first radio manager’s moving base station’s connection back to the

core network.

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

stations in the vicinity of the first radio manager.

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.
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MCSLLP station functionality, the nobile station functionality MCSLLP
communi cating via antennae with at | east one sel ectable static base
station, wherein said first radi o manager conprises a radi o resource
manager; and functionality for receiving infoiniation from and sending
information to, other radi o nmanagers, respectively co-located with other
novi ng base stations; and using said information to determ ne

whet hg. t OAr @jetiedd atcokdiagttoodeimmill aesimtaidnifeeiitiog tneludes Sefovedidny an

i ndi vi dua|, base station assgciated with said first radi o nmangger. 53. A
syst eFREAKE™E AVHEY 106 thy RO WBRerTS BOKPS bare SEHOM ana%wnﬁwe%ﬁ? 8 f or

Qual i Eyre@éﬁ%k.Resm t (QBR). 54. A systemaccording to claimb53 wherein
statistical neasurenents of a co-located M5 in each at | east one relay are

attached to location results of the relay and wherein said system i ncl udes

at | east one r havi n functionality. t.hat .co tes .apnd indicates to the
ser PhcARTOMS HHPRoRd PR dhgeTt S G AiGReRare iPRemaio (Eraie
accor gipgelt Quatitiad Whit e fedt Radib enDasérchawh IhAg 58laY, QAR StaAYR @hthat
another relay is connected to it and finds a good place to remain. 56. A

syst ethapeeidr ishypdicomahagens 3sviheseaitaiiosaug resifestivdy iable toriepridestoimelslenat i on
regardin ual i t.i.es of.,aother has tions' respective connections back to
t he c%{?%&ﬁgfl%)er‘ﬁ?mﬁ%#thﬁ %?/tsrf@r%ngaén%%%di ng to claim35 wherein said

i nfo' anon includes infonnation regarding quality of the first radio
manager's novi ng base station's connection back to the core network. 58. A
syst eff-accor di n§ TEbEE FOMMBUGHIOR RAWEEK &YsteR JIFERALIVENT FREVEEST | Witlh @mat i on
regar gi.ng . it I Ch.saj [, 'We'P ' Rase

G a1 oo A B e B B e B s
st at i antioraned hespektion ef ynodiik ataionpravindeicating viokinteanst avithaim $easnoehel

Vi cini t% of the first radio manager. 59. A nmethod according to claim 52
wher efhf bass Y REGPHAYSIH SPREEIA®S i nformation regarding qualities of other

base stati Qng., " GRPEGIINYCHLELNREGL! RPRIAREK s5if HINRLEPLE VAR WRlikns 4Bich 60. A
met hod according to claim52 wherein said information i ncludes information
r egar dinmguugjuatks vip aofentiewith tist mpbidé ganensagd ihdudns\tiang stbasre fpcacnadity, @
Connegl'gsit ?ar;]di(t)) argail(na:[ggr Eupc? nobile srgz?t'%ovnm[’ui%btionality all co-located with the base station
functionality,
the base station functionality having a physical back-connection to the first radio
manager, the first radio manager having a physical connection with the mobile station
functionality, the mobile station functionality communicating via antennae with at least one
selectable base station,
wherein the first radio manager comprises:
a radio resource manager; and
functionality for receiving information from, and for sending information to,
other radio managers, respectively co-located with other moving base stations, and for
using the information to determine whether to reject at least one mobile station

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

located radio manager.

63. A mobile communication network system operative in conjunction with a network
including a core device, a plurality of base stations including at least one static base station,
and a population of mobile stations communicating via antennae with at least one of the base
stations, the system comprising:
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61. A method according to claim52 wherein said information inclugesp

i nformati on regardi ng channel qualities which said first radi o manager's

own base station, and base stations other than said first radi o manager's
own base station, are respectively able to provide, to nobile stations in
the vicinity.of the first, radiQ. manager., . 62. i cgmdni '

net wor k syg‘%lzeet’?fto%er Gvve ?Ef“?ec%%]()&n@tclﬂ@ﬁd\}\? tsﬁ}“daﬁlﬁlggf? %Sro& I?a(rglclsu | (rﬁlg%ah?{:hor e

devi cgommublcdfcahid shté@habas® thé alobDOStating ndiinguaés beastationGustiahdlity base
station, and a popul ation of npbile stations comunicatjng via antennae

with tstirediot merrgcofnd reotilgseatiana fynsignalith alls gertasaicd owph 1B ngase station 5y

| east .on vin ase st.ati i gl . i 0 P | i S i ons
wni o Bt ate ot sRLEH MR Y s 3B PR A oo on o8 TR Bace
st at i gidid Wasided @k iyt radio mdnaker fading apinagel camcbctiobivith the ahbleite station
functionality all co-located wth the base statiaon functi onﬁl i 5)3/ t he
base BingtpRiLy:he HAOHSISHIPN HERAHIGaIY AT WEFAHIZCRE ABITREY UR & &FhE i r st
radi o the first radi o manager havi ng a physical connection with
the nobi %ﬂgtﬁgsteisgbﬁm%’uncti onality, the nobile station functionality

comuni cat ivhgreiti the afisendmenaaghs atmpreast one sel ect abl e base station,
wherein the first radi o manager conprises: a radi o resource manager; and
functionality fBFaCL‘éEeéPVFﬁﬁ’ #OrHeti on from and for sending information
to, other radi OfRAGHEHRP for ESPERS infEInYatloR -k alRtcliibh itfbhektioy] sifebase
stations, and for using the information to determ ne whether to reject at

| east one rml menagess ropedtizelyi cegocaebeits ethes andyyngabese s@ioitdual base station
associated with the individual co-located radio manager. 63. A nobile
comuni cati on network system operative in conjunction with a network

i ncl udi ng aheRkeatdest 68 radidPhufialch Iyopiathase cohatiiepfts at aktudierigdisidubleast
one static base station, and a popul ation of nobile statiqgns co ni cati ng
vi a amesmgaeasqistatioa: rqusa spmpaesosfinfpwabien induding gnrluralife 0§ yglftéfrrpmggﬁi&’r i sing:
MCSLLP. .. . g Vi j ' i ' lity of
base SFATIS0R% V\:H:ihgﬁg %:néi?‘nﬂr%ﬁ%adt@% @aggggﬁﬁghﬁgo%m&t&hﬁ?ﬁgvﬁggﬁI%'g%s%g??%ns and
i ncl uges abaset shaphometaundiianalzitgy thearelativet quatiti of ractagé sa@nthutes barde

station functionality. all co-located with the base station functilet%gelity,
he

the base sPAPIBhSAANSITIGAMOVIPERIVT HEUon PIRPSFE AT 2 peRIOERH YREGbTF _
{1 1St oiagh 0. dRAAUR on hRERLEES i@l OonBIAGRIe AavlhdofiabiiRideal connecti on

with f e station functionality, the nobile station functionality
conmmuni cat amtywhemirate grivrabtywe it douss of dast stethensseh edtietbthe ibdivadust axovimg,

wherein the fir r adi n r ri : ior r n r:, an
€ e{)asetsta%on cag E:omgl%n{)catrga W}f:tj]l(lJ ﬁ]e c%?e etw%%csmc?udre? 91% l%ast eo%g llj'ouctg cﬂ%?ra%%ze’d and

by multi-hop backhauling.

64. A system according to claim 62 wherein said mobile station seeking to be

served by said individual base station includes a mobile station currently being served by said

individual base station.

65. A system according to claim 62 wherein said individual base station is co-

located with the individual co-located radio manager.

66. A system according to claim 62 wherein said individual base station is served

by the individual co-located radio manager.
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functionality for receiving info'illation from and sending infon1ati?E.to,
ot her radi o managers, respectively co-located with other noving ba¥&StiP
stations, wherein at | east one radi o manager is operative to conpute,
for at |east one individual noving base station, route conparison
inforpation including a plurali 0, S..0f ¢ E L.a:-whi.ch the
i ndi vi dual novrﬁﬁygggémg %@%ﬁ%(%%WJ%%%ﬁﬁﬁﬁ%ggiﬁaﬁﬁﬁn% §L%%$§°%%?ﬁ§?§ and at
| east japenipak daBt antigthathacthen iszidrigdit-iear edsatstatengwaldntiy nodre eacdblofhagai d
routes and wherein said individual noving base station connects to a
ser vi prgd Beadwy heseowtionte s3ueisud MoBHS Flapieh 29588 &8 SHW S nf or nat i on

i ndicative of said route conparison information, and wherein the
plurality of routes of base stations via which the individual noving base
stati 6h can conrunisaneambtding e donme tAevheork iahdéast ese atadloeasmagmielsr out e

characterized Q%Pnultfihqg backhaul.ing. , 64. A sgst%§1§cggngkggr&Qoglain162
wher ePRFTEHCHIONEHIRES s {24t 3 oS BRT YT Eh & UEPE S By U d G e VT BT A base
st at i Qo by SRSudn MRBHLRlSt Atlors CobE&NthibrRel NG/ sar tedndiyidsal tovindi vi dual
base station. 65. A system according to claim 62 wherein said indjvidual

base btsatsiapnn can ewninpeiastedvithi tha cetsaciwrik wnd ahicagome penEde chaisicHaREger .

66. syst em accordi-ng .t o.¢l.ai_m € 2L i.d_j:ndi Vi | ation is
servg%mﬁﬁkﬁﬁ%qF%gyﬁﬁ %%1OE%éggggﬁéé&?ggﬁﬁﬂhgﬁggg?ﬁghﬁkggﬂkﬁﬁgggéﬁ%@%cording
to cl ainie@2 vheesiny sak didivncticonalat lagst saridd dbasedper atfbrventibo iddteiveiaie a
base station other than said individual base station, which is nore

Sui t atiEraukaGP R WEP VIRl base station to serve said nobile station
seeking to be served. 68. A systemaccording to claim62 wherein at |east
one radi o manager is operative to conpute, for at |east one individual

movi ngP.basa ssiiati enordimpub eldonmdarhson dak erdatlicomdinolandiangs apghtimedbi ty of

routes of base stations vi. ich t i ndi vi dual .nmovi base .st at.i on can
connuﬁﬁ@&ﬁ%%ﬁiWﬂe¥%8n%HW@”%@&@%&EG5EﬁOEFUP@é§PH@ﬁéO$Hﬂ%W%$@PE%ﬂﬁég%ﬁerizing
the r@hﬁaﬁﬁwf s dhadd s6RGH W wIRidmE apdieRuanshowiesaiish & &rhmdhiidual

movi ng base station connects to a serving base station selected at | east
par t | yithdsewronctivoflonmhati least padlpasamiige clufraderiding dwtrelabvarpadlitg ehcach of

| or e 90 o, PR E I A LU IR B BLP PAnBERLASRT SRS g her

j
. 1 .
radi o east one 1 ndividual nobile

st at | @R rdu@UEGMSRBA ik S eRatioAf MNEldran shichiididigl aoplivkativh Ys eferatbuties of
base stations via which the individual nobile station can communicate with
the cenlast pdnsostaticana hetconsessed iorid 1gnat Rardy Srsedhuy wed BYpRagn i RECHBIL AT ve

qual ity, of each of sai.d. es and to conmunicate to said individual nobile
stati® d?WFH%ﬁﬁF%S%}?%%P%§§§Ve of said route conparison information and
wherein said individual nobile station is operative to sel ect a base

station to be connected to at least partly based on said informatian
ndi cabi veAoTySEET GSHBRIE BOBAT 'S NI RPN el manager compules said oule

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.

71 A system according to claim 63 wherein the radio manager computes said route
comparison information for a moving base station co-locaied therewith whose mobile station

functionality is communicating in active mode, via antenna, with at least one selectable base

station.

72. A system according to claim 7¢ and wherein the individual moving base station canps
on said serving base station selected at least partly based on said information indicative of
said route comparison information.
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70. A system according to claim®63 wherein the radi o nanager conpﬂ&@§igﬁid
route conparison information for an individual noving base station served

t her eby whose nobile station functionality is comrunicating in idle node,
via antenna, with at |east one sel ectable base station. 71. A system
according to claim63 wherein the radi o manager conputes said route
comparison information for a noving base station co-located therew th whose
nobi | 3.st ati gEtehunctirdngltd tlains? c archihicrsar ithey individet imevinp §ase $pEeRt enna,

RS R a7 S B 85 Bl ety RS RS gfo 1 m

70 an Vi ng-base sta s on said serving
base gliahiipdosRiEhbddipaieasinf@aiaiby. based on said information indicative
of said route conparison information. 73. A systemaccording to claim?71

and wherein the individual noving base station is handed over to said

ser vi g PagCRLAl LABATh 8 Lath b 4o BabliinbasRg, Qbvisaki WALREITRI on
i ndi cat’i ve 6% sal rou conpari son 1 Nt or t1on. 4. A systen1accord|ng to
cl ai m@e davide allGated @Rt icogmaunt@tion dessiondaaddidih betsican i wobike d@icnce

al | ocat es const ant connunLcatHgn sggslon bandw dt h bet ween each npbil e

st at | BRCRYHEEY YitahaRpsargliemy! 1 2% SO RRCHRGOAS 9 PR SN at i ng

SO as aétRfearE?l)@é %? rboﬂln‘ftﬂﬂ&ltilgﬂtbéﬁéénv EadPHRLAL CATRURINERLI 0 BRE Welgh berch

nobil e station fiinctionality and the base station. 75. "A system according
to cl g3 and al so conprising a core device and wherein the core device
al | ocates constant conmmuni cati on session bandw dth between each nobile
station functionality and the base station with which it is conmunicating

SO as73 0 M RERINaRoRARS tRBliREEI MR ARSI eoMbriGiRFALIdE abieNaPvherih grch
nmobil e station functionality and the base station. 76. A system according

to clairmdeGeanidreies condteht somarunbasien sesaiondwsditeh beferean Fachaebika¥atiodns
al on it ity S DRGand Saii SR G ?sacso%%rg@ﬁ%%t%% AN 18 BlafhififaGonithd WHI ch

route novi ng base s
active mode of communication between each mobile station functionality and the base

station.

76. 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.

77. A system according to claim 63 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.

78. A system according to claim 62 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 route and for alternative routes for at least one

mobile station,

79. A system according to claim 78 and wherein said quality grade results are broadcast to

at least one mobile stations.
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77. A system according to claim63 wherein said information incl ES . p

i nfoul ati on regardi ng channel qualities which said first radi o mahager's
own base station, and base stations other than said first radi o manager's
own base station, are respectively able to provide, to nobile stations in
the vicinity of the first radio manager. 78. A system according to claim
62 wherein said functionality is operative for detecting the quality of
each end- ugelyseecidconlimng ddim Tjuahdrtiy avfeagtanie Haadkheadbtisign dedendnvaccor di ng
to nobile stations' and nobile station,functi.onaljties’ asur nts and
for cBAs APMGORAPECOHAian ieangthio HuRRrYS 53” grsige 1 #@sﬁ“rcf)gmfn% rgf @gﬁl‘%r(@ﬁt rout e
and f 8 i I § aneiciiing ssédinkon. 79. A system
accorg%ﬁg&%%rgﬁzf%§9%£§% &%gégﬁkfggﬁg qual ity gf%de results are broadcast
to at | east one nobile stations. 80. A system according to claim78

wherejp at .| east one handover ci,Si on o_.hand_qver .a.node.fro base
Stat | B { oAb e n oty T MR e ARR s ety S A GG

al t er patdiue; iR Roudth®r atRhitlone Altadativesutd 1ef qatioesadandulbat kdvas dndg
sections. 81. A systemaccording to claim78 wherein at |east one cell
adm sbidkhawegissétomsi s made by taking into account, for at |east one
alternative route, the quality grade result of access and backhaul i ng
sections. 82. A systemaccording to claim78 wherein at |east one cell
resel grti op Wewinsicebrdie Madeinbys wakieigatilaiso oae cdlintselettom dicisieastmatee
alternative route, the quality grade result of access_ and backhauling

sect i Bnikinggntosirspeih & @bleastige pEerapy HoRE: W‘?e‘i‘@flfy gafgrarebrf &8t A ons'
and j i fiinctionalities' measurenments include RSRP. 84. A
syst gﬁ@é@%ﬁ%ﬁ%‘%@é claim 78 wherein said nobile stations' and nobile
station functionalities' neasurenents include RSRI. 85. A system according
to claim 78 wherein s%id m)tfi,le gt tians' . and,nobi Ite station,. cati

f unct Pbnal it PEEM RECREENg FRTEM AR | TRESRGYY Mabale SRtens: g JioRUP Fiatigt o

cl ai MpH2L gL T &R -AdiIiRcii@®RAgRp. Uuses nmeasurenments from at | east one

ot her radi o manager over a sub-network, and at |east one of RSRP, RSRI and
RSRQ neasurenents fromat |east one of its co-located nobile station

I gglcteéz?.nal zl’-&t Qlyslaerxlad agcor i?l:gltg cﬁetn'%t l7§nWhgré)m bs%%d g&o%il%%%t%ng’egfd" Elgo%ilges%féﬁenent S

functionalities” measurements include RSRL

85. A system according to claim 78 wherein said mobile stations’ and mobile station

functionalities’ measurements include RSRQ.

86. A system according to claim 62 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.

87. A system according to claim 86 wherein at least one of said measurements is

distributed by broadcast message type to all radio managers.

88. A system according to claim 78 wherein the Quality Grade Result (QGR) of all

alternative routes is distributed to mobile stations using a broadcast message.
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87. A systemaccording to claim86 wherein at |east one of said WMCSLLF
measurenents is distributed by broadcast nessage type to all radio
managers. 88. A systemaccording to claim78 wherein the Quality G ade
Result (QGR) of all alternative routes is distributed to nobile stations
usi ngga br aadeast WESEAGC claff- 38 AwBYEIE MABAMIBN néQagd AlliM@Btovbgihei n t he
broadcast nessage relating to each individual base station is sent to all
nobi | exdstidedl baes stiopiineenotp &hingbilqeitiand yanrbase widndondual Hase sRUSPst em
according to claim63 wherein said information includes infonnation
regarding qualities of other base stations' respective connections back to
the coge nat wakdm acBdrdirdy Sy Sem 88Ccohdtingsdid wf@hmié? nwbedel mfsmalion

information is transmtted between "col |l eague” radi o managers via radio.
92A syssrehnmeebitien oithe hepastalien’ (HRRSCEY Hoenerdarsbash & thadpes %‘ﬁ%"ger
"masquer ades” as a base station by sending a request to a nobile station
functionality to execute an NVR (Networ k Measurenent Report) neasurenent.
93. A9BYysSt amnaeeo ndididinkotoctlainmod 2widreinesaid safodmanémolid tatsmmed ehudes
information regarding quality at which the first radio nanager's nobile
st at i ofPleREHEL irqgh%map@g%maaa%% served by each base station capabl e of
serving the first radio manager's nobile station functionality. 94. A
system according to claim1 and wherein said radi o manager includes an

i n-baftl nuAtsystampcbarditzatol dlaig §Lwbercmrall¢asyone g8io Magaast smespetdes g t o

claim94 wherein said in-band multi- ckhaul i. ng,.functional it Y.

oper at ﬁ\?ée §uQh é{rﬁgﬁg@ﬁrﬁjﬁﬁwﬁ&ﬁea gﬁgtsgaglf)gr@ﬂﬁtém%y];yc Oeg)t{?cﬁge Erlflev@Mﬁ

al t er padiiv¥& NeMuBand® ReBP AGBasuRii@s that are dropped due to interference,
wherein each new alternative route includes a section between the end-user

nmobil e station and nobile relay it is connected to, and a backhaul i ng

sectign, including the.links tweemn t. P - gk t as

nodesg'?'n tﬁesxsgeu ga.ccorggl.g }3? sc§a§’§eﬁ1§avg}é%g§i gr%&)t%?ogfn g%?#iiné\ﬁg‘%se? n ‘?%;%:E% aul i ng
connegdghiidgy qiaSitP O wihekedthRYfingt iddi hngagaistihobitp statios Esndiebyieienvadd dermovi ng
rel ays.
yserved by each base station capable of serving the first radio manager’s mobile station

functionality.

94, A system according to claim 1 and wherein said radio manager includes an in-band

multi-hop backhauling functionality.

95. A system according to claim 94 wherein said in-band multi-hop backhauling
functionality is operative to enhance immunity due to interference by creating new alternative
routes to replace routes that are dropped due to interference, wherein each new alternative
route includes a section between the end-user mobile station and mobile relay it is connected
to, and a backhauling section, including the links between the mobile relays that take part as

nodes in the route.

96. A system according to claim 1 wherein backhauling connectivity is provided by utilizing

multi-hop routes between said moving relays.

97. A system according to claim 1 wherein backhauling of said plurality of moving relays

comprises in-band multi-hop backhauling.
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97. A system according to claim21 wherein backhauling of said plur QEEMPOf
novi ng rel ays conprises in-band multi-hop backhaul i ng. 98. A systém
according to claiml| wherein for at | east one nobile station functionality
in at |least one individual noving relay, said unit which has base station
functionality conprises an LTE base station functionality. 99. A system
according to claiml wherein for at |east one nobile station functionality
i n at 98east onem adbrdigusl clanovi mderat &y, at daistonminpbilh stetio mchiersditisinat i on

functional ity conprises.a 36 base stati.an functionality.. .. .
at least on ind?\rrggual moving relay, said unit Whisl has Dise' sitdn f{nyctionahty comprises

an LTE base station functionality.

99. 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 3G base station functionality.
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