METHOD AND ARRANGEMENT FOR MANAG NG | NTER- CELL | NTERFERENCE I N A

COVMUNI CATI ONS NETWORK TECHNI CAL FI ELD The present invention relates to an
i nfrastructure arrangenent and nethod for use in a 5 cellular radio system
in which a scheduler in each cell controls a set of shared radi o resources
and al so may coordinate their operation. 1BACKGROUND In the currently
ongoi ng work of standardi zing the ong-termevolution (LIE) concept in tO
3GPP t her e havevba®n AMPNERRANGEMEYNIROR INANAGNS TITEREIHIO SN TERFERERCE D A
inter-cell intefPEERPEINFONERYREKIi on (ICIC). Wthin the 3GPP working group
RANI there has been a decision that the transm ssion of an "overl oad
indicator"” (01) over the X2 interface (between base stations or eNodeBs)

wi || be suprecHicALGIELe purpose of coordinating the interference between
cells. No decisions t 5 have yet been taken on what this 01 shall actually
cont ai n andTHeqsesent Bentiod réjeteadedn inTrhgtn@lure eusnpehenhayd methgdfferaisedn 8i ngl e
bit 1o seyeldlaPihi @&%ﬁ%ﬁ%@&%&@ehh Q5dh celiRBntr 188381 Srshardhqib he 01
coul d be perloalc or "“triggere ferent events. In fact, it is not
necessary tfﬁa‘?“r%ﬁslanéﬁbsé’d”ﬂ%y %0'@'%9%@96%"°ﬂ he 01 and the actual content of
the 01 (nunber of bits, information elenents, etc) are subject to

standardi zation. ?0 Inter-cell interference managenent and inter-cell

i nterferencRACKGROUNA | on has a vast literature, since the problem space is
wel | known from for instance, other cellular technol ogies, including GSM
and EDGE. However, there is no distributed algorithm presented whose aimis
to maxini zendheesuaiently pRASINGMRIK owaa%sﬂanwedma -fe8n eMLfion & TEY PRt P ashi on.
Semi - di sig idpetherd m@lﬂebﬂﬁuﬁ@fouﬁ(éeﬁtdbtﬁt@hgdn RIS a88te@ hamtRlcePS al | ocati on
have been pr oBosed |n(%J et Czﬁgture see for instance [3114]. Distributed
al gorit hms 1§ *hBReroEnt POBI( i nterference managenent are wel | known.
The scope of prior art does not easily extend to a nmulti-cell environnent

i n whi ch noNgenthealGRIMWPTkngearPen BANT thegihag beseld decisiindhpidbe tireemirsieraglenent
in general ngvéﬂblal;j'rho?c%ltdr” el Wéfﬂe@@ﬁtéﬂ@@@@ﬁ% Ha@el@%‘hbh§&lé¢od@é§)9mhas a

rich literature ough significantly | ess works have been done than for

singl e cel |bassppeiias fOHBRPYEIOSE RbFROT @Fatﬁ‘ﬁé’é‘é’”tﬁgﬁigé‘c? setweep selin e d§ﬁ'6'8f‘ﬂ be
comuni cas exhvB9EMRRR tha@nensitak | tr@sn@n $Hall aBtuanyt degenahd mw ttishe@d be siy&d. @re such

t hat over alé) H@'Heg%&@f)m appro e a ne lh val ue, %) none of
these al gor?t® B TRE SCRE L Sara b pee Bk Fas PRt Hhe e
conmmuni cat i teamshstsive e tHel®mould be penodac or triggered by different events. In fact, it is not
necessary that all aspects of the usage of the Ol and the actual content of the Ol (number
of bits, information elements, etc) are subject {o standardization.

20 Inter-cell interference management and inter-cell interference coordination has a vast
literature, since the problem space is well known from, for instance, other celiular
technologies, including GSM and EDGE. However, there is no distributed algorithm
presented whose aim is to maximize overall throughput by avoiding collisions in a
dynamic fashion. Semi-distributed algorithms for coordinated power and channel

25 allocation have been proposed in the literature, see for instance [3][4].

Distributed algorithms for power control and interference management are well known.
The scope of prior art does not easily extend to a muiti-cell environment in which no

central entity exists.



The issue of dynam c distributed nulti-cell interference managenent is well
known and extensively discussed. However, apart fromthe overload indicator
proposal, there has not been a specific proposal on X2 nessages that have
the goal to mnimze the inpact of 10 interference caused by the different
cells to one another. This is despite the fact that it has been indicated
that such X2 nessage exchange is expected to enhance the overall system
per f or mancelul§eel fagio regeurps mahddemant grgenessy sne muliiesed irdprieranceamandaement

st andar di zgf, 'pgmcag.r éQ&ﬁéé ¥ fieh mérame RSN RNAPEE W¥rkWhale PRSSRIES
bet ween t he base-stations should be comruni cated such that is inter-cell

interfer enc@a%@ﬁéﬁélﬁéﬁf‘ systergs fHedpt nonesehesrererks tosus 8 whplshoyidibe ¢ om

t hat per spesiniiéhicdtdtebawéetpbagerttationd aseh Gthagbod nnmssajwsteaﬂdmbarm ohewti t he
contents of, suc ssages can b art tin se
stati ons)?atrhré)uﬁrg‘?ge eﬁrﬁnetaa Rﬁrﬁ% a(gﬁg%ﬁ??t '?ﬁnte ﬁ’g rl%rs %s?ig%" %’Sr{mg'asc% base
station andhdpasmfeiﬁtwmd hase skediges snchthe snmehoishtiordeetupemthee recei pt  of
such nmessages. 20 SUMVARY Thus, the present invention seeks to solve or

m nim ze t hghdNEQRl 2 aYNnbiB disRaRld it tcénemtéaf%férnc@malnagém@{tﬁ@wnm}wn%@t her
problemis to device the inter-base statjon informtion exc gﬂ%z%gan for

exanpl e LTE xtepsivel ReHP St BT VelrRPA i QYPiRaddNBeRle RIPERS? s not
al gorithns isal dpeaitic pegosal enxatsesdeges thhethvb eheoyvanteemimirhize Cerimeqgetefit |y,

the pr esg{u tmfeﬁ%r%ﬁ&é Qﬂxsgﬁ %V!th%qfﬁff%elfmt%I [@/ tod%%tarn'opmlé]; %issg oles dat%r?m{ ttﬂw I{ ﬁa cel |

or t hogon tation In xchan e
such t hat th@nnmd toft Slmﬁé@ neesspge exabpnes xeedted 9 anhanceadtie meaﬂ her eby

the overal | s\apst SdRRLRLIDRU or Esar@ (1Y zed. The prior art does not provided
for such a system |l evel engineering solution. 3 The problens are sol ved

e Commurd 6 SR eGP Rl feta SheRipe Pkl R AR by 0 U
net wor k corﬁgeoqusmaat sessafesetwearth thatlase-stetims sbedd bs aonhmuamatmdrseslmmac es
bei ng at %e Fcé]ﬂ e 8!e%§991%ﬂ er&é?wt%%&&lg%’émeﬂbeséé HE?%nFtﬂHP“ Ses. a

portion ton gure recet vin rreaéure rom at |east one
user equi prRangPectivea el astust ﬁ@f@@sgéqapon @eﬁ‘iﬂgpﬁ end (ﬁﬁ'ﬁfhogd}hééoﬂt@*ﬂts pegwshvi ng

cel | infornmtd@ped @Anasee&n%f?uaeme%fdaﬁ.crp%ﬁws% Y&loH§) drk %r@ mepdatranﬁﬁxﬁr al
interfered base stations, SSi ng arrangenent for conbi ni ng sai d

i nf or mat i orf"f Al98" ’tﬁmgétr’%'ﬁ%‘i:'i"felaéh P ftee ?\Pgldtféat%i“’h@ta‘éﬁ DR3RIFRY Hdce, a

cal cul at i ngdaligoAngenRBibt bfajuck alessdgakl Ng a user specific weighted channel
qual ity '%"ldi cation val ue for

SUMMARY

Thus, the present invention seeks to solve or minimize the problem with impact of the

inter-cell interference. Another problem is to device the inter-base station information

exchange (in for example LTE: X2 communication) and the associated base station
25 algorithms such that requirements described below are met.

Consequently, the present invention provides a fully distributed solution for muiti-cell
orthogonal systems, including the inter base station information exchange such that the
impact of inter-cell interference is minimized and thereby the overall system throughput is
maximized. The prior art does not provided for such a system level engineering solution.

30



10 each radio resource, and nmeans for providing said scheduler with user
specific weighted Channel Quality Indicator (CQ) values. Preferably, the
schedul er is provided to use the user specific weighted CQ values to nmake
a schedul i ng decision. The cal cul ati on conpri ses conbi nes a channel quality
indication (CA) information avail able f®r each given user with at |east a
product of a user specific resource price and the required 15 transmt
power for eH&Eprosiems adbsivepranti eeadtljgctivéhareachiavagusng an Bfrastrehged as a

Serving basghahbAlor IS LOAMAAIALIAELH Shich RnIRIGGL ok Auapse

station for inte omruni cat rons” net wor k,
conpri sing w%mqﬁmcentr@ﬁaéamf shearet radio tﬁﬁ‘o%@%@ﬁldrfé@lg resosieges Gping ﬁéb@@l radl 0

resources. @eoﬁ@éyoﬂasrtsagw&ﬁé @m@a,aénge%mc&ﬁ#fse@ratmg&r@nﬂg&e@ﬁﬁh ot her.
The net hod conp I‘ISEE t he ste s of: obtainin ata re resentlngggath ain
|

measur enent €€ BRAIGAL ra%ﬁsa eemtEn At iRgste Eé*P‘Ff Qv o 3uakrEd s ce
from one ora pati@r ednfgmberdreecmdndgm irforatation Selatzditd krspagfis@isodurca augbimon

000 & UseroRReSbldg AU BEPILESVALNEL M, SACHANAHIE. LERM L

cal cul ating a uséer speci anne cat on val ue
for each r adﬁocmat@gdm@ @elswp@elﬁbr%pn@ea{a!ghémre@ph tAgid 'iesyurpmﬁ Qaémayng (ca)

i nformati onyavgbhaklie daRiuIRARE B uSt \PRCiHS REighel Rhaind §asiity lﬁdeét%%fue%r sai d
user specific resource grl ce and the required transmt ‘power for each user,

and maki HY &2°8 BEQTRSPIGS ARG f?fa?é%d"(‘ﬂws%%?%l"e&g'éfWé‘bé%‘?ffsioec'%e‘i"aﬂ*ﬂtéﬂ cQ
val ues. Pr efieinabl Qualityhedipabiyoga) v‘a!maemr@ammtthe ScHetiogt Btprovedsitio QBethds er

hj hod 30,fu mbi
ol 1 "Speci 118" PESBtHEB S 2 P etar DS SR LLEUFOT dbe FRERFUR rul o5 1o
t he user spwoipfises m@hﬁseadcr@@el\qabluemdmhm(@Cablhgo,rmatmx availgie ede@P (WCQ )

i's expr essegq(e%%\i&% %ﬁ%ésﬂa pr%olagvﬁg%se?s %J&Jrceﬁe Ain d‘faéu) e RRAI (T,

t), 4 wherein annel Ity indicator for a
user Al bn trassyiipewerfor WV\A{SP'} Most @n&@ra@sm«v@rﬁﬁm@m if praRgestass sadying he
serving celgdasdstafi6A. Al (r) is the CO values for user Al, PAl (r) is a power
used by user A, and RRAi (0) denotes resource usage r estriction rules
applicable for said user Al at tine t.
The invention also relates to a method in a base station for managing inter-cell
interference in a communications network, comprising a scheduler in each cell which
20 controls a set of shared radio resources. The radio resources are at least near orthogonal
to each other. The method comprises the steps of: obtaining data representing path gain
measurements, obtaining data representing a cell specific resource price from one or
several interfered base stations, combining said information into a user specific resource
price value for each radio resource, calculating a user specific weighted channel quality
25 indication value for each radio resource by combining a channel quality indication (CQl)
information available for each given user with at least a product of said user specific
resource price and the required transmit power for each user, and making a scheduling
decision based on said user specific weighted CQl values. Preferably, the path gain
measurement is from at least one user equipment to interfered cells. The method may
30 further comprise combining cell specific resource priority weights and resource restriction
rules into the user specific weighted CQI values. Preferably, the weighted CQI (WCQI) is

expressed as;

WCQIA(r) = RPWa(r) + CQlas(r) = Pas(r) x RPas() + RRas(r, ),



5 The invention also relates to a nethod for cal culating resource val ue
that is provided by a first base station (A to a second interfering base
station (B). The nethod conprises the steps of: assigning cell specific
resource priority weights (RPVWW) to each base station, estimating a current
and an predicted | oad situation (LoadA),4based on a neasured | oad and said
RPW deciding which of the resources with |owest priority weights said

first base Jibr&hEOR, (58I hBWRIGHER dMahRel Z05IRy BaRktor ARG \E@SAD@ &8bglcest on
truncating resou

oad ot o2 AP e B ol e e R e b A i B e Rel ey, O 2

function t doauseaAyé frdpapbivemsed by uaerial ard RBA:(rfadenoéds reshetavesagesai d
first base y%&ﬁ&do?\r?ulgg'g?&@hﬂe%?%QHQJSQF‘& ?]t%%ttl on. Preferably, the assignment

of cell specrfrc resource priority wei (RPV\) to each base statlon IS
executed either in a cell planni ng\PIS ste a distributed o

central i zZ2d"MRdRYFGHON RIB? ESRIES to 3 ME PLH{GSFE‘G"'P%@SWE%V?JP? gt F;P'Q\)é??j‘rﬁy 2 TRWP)
of said fi rfﬁ&t d@aé eta%ra(fﬁl) @a ssCoadﬁmménng aéé §thliorofB) SEetn&RYY acrdprisead | n

one emnbodi assltg np&g%gggeecf %g?ﬁoou TRHA Qr?ecg%l Wt@% c@lf)gs &gt?och' at ed

with zero ¢ %‘fs Oar one or Sever al
i nt erferi ngestastnga atrrenhgnd dbpredictad, loadw%tuaticsdlhp@@) d@ged Dhatm@éhwdﬂ@adst base

station (A) s%ﬂﬁw %&c:&%hé#@ﬂﬂg rgs%urc@wtawe@gmewé.g%lsgfa fﬁ@)oasé a

function (g of sai wher ei n is | oad of
sai d secb(hoP ﬁ@§éa§95’tvid8r¥‘" (hepro mskraaf RBring s3iff gostiondrunpating &eaRirenPIAOVI des

di fferent r»eéi@u m@n@{ 1o<mudtrpprdpérﬁ@fa$ma loBd ef da0d ﬁr@@é%@%&t@h k) dNdsscalBigl EF
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conmuni cat i fost bae¢ siatidn snd s‘:ald tm:ond)basmstatfont reefeeblyutheeasbigomknivaicelespekifigur e 2
shows SChe%&%ﬁ@_ é%r@ vggé us t %ohee}%ﬂ sé&t dnq %xé&ﬁé’d et W fanning

equi pnent s, es sc I Ca gra{)ﬁfclj use
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according to one aspect of the inventio
embodiment, the interference on resource blocks that are associated with zero cost is
provided without resource consumption to one or several interfering base stations.
Moreover, the resource cost that said first base station (A) provides to said second
20 interfering base station (B) is a function (g()) of said TRPW, and Loada/l.oadg, wherein
Load B is load of said second base station (B). Preferably, the first base station provides

different resource prices to different interfering base stations.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The invention is described with reference to attached drawings, in which:

Figure 1 illustrates a schematic cellular communication network with the notion of the
resource block value,
Figure 2 shows schematically a network with base stations serving two user equipments,



5 Figure 5 is a block diagram of a base station according to one enbodi nent
of the invention, Figure 6 is a schematic flow diagramillustrating steps
of a nmethod according to the present invention, and Figure 7 is a
schematic flow diagramillustrating steps of a cal culation nmethod accordi ng
10 to the present invention DETAI LED DESERI PTI ON For the purpose of the
foll ow ng description, sonme of the key requirenents for the solutions
accor di ng tbigudes irstratastschenpalisaiom geaph usedfop caihgatingfresonite piceswentor by every
base stati ofdRidd S tReh@HigHr s is such that the base station is able to
construct those pieces of informati on based on own neasurenents, UE
measurenent _reports. and informtion obtained fr ot her base statiops. The
necessary | IBE 4R seh bR RrPatE B ange R hiagh tays Ao R SyeRITH 2 e
and confi nei dne aapsit ghthkiirvantidny | onger tinme scale than that of the
interference variation and 20managenent. The i nformation exchanged between
base st at ; Ofgu s Bbidck HidgPiahn bPa BadUUThRh REoinkRYohE bhpGoRl dfggonal unit
(e.g. per reSource block or channel). This 1s because the nunber of such
units can bBY§¥PBntially high inposing transport overhead on the network

i nterconnecting base stations. .25 The information that base stations need
t 0 exchangeFigsgrefids aisbhemitiz floartidgramtiliustratingl shepstdf menetbed eccostigetotthal | y on
the level o LG [ e rce allocation that is on the |evel on which the
packet sché%ﬁg%?ﬁ&%&cgfggﬁis is essential, since in a packet (1P based)
data network user both user data and interference situation typically
oper at es onfig¥rd it peehafpaiicdlow dipgramdlyshipiiiorpianssh awaletiabiers BedodiFcetdinieed to
exchangeipriovhalgressttirivehsm. | nput to base stations such that they can nake
schedul i ng and ot her resource allocation (e.g. queuing and power

al l ocation, etc) decisions dynamcally (in LTE, for instance, on a

transm ssion tinme interval basis) such that overall systemthroughput is
(nearly) DETAILED DESCRIPTION

For the purpose of the following description, some of the key requirements for the
solutions according to the present invention are:

15 e The information sent by every base station to its neighbours is such that the base
station is able to construct those pieces of information based on own measurements,
UE measurement reports and information obtained from other base stations. The
necessary input from a central entity, such as an O&M system is minimized and
confined to a significantly longer time scale than that of the interference variation and
20 management.

* The information exchanged between base stations may be limited to a number of a
few bits per orthogonal unit (e.g. per resource block or channel). This is because the
number of such units can be potentially high imposing transport overhead on the
network interconnecting base stations.

25 e The information that base stations need to exchange is possible to construct on a low
time scale, essentially on the level of dynamic resource allocation that is on the level
on which the packet scheduler works. This is essential, since in a packet (IP based)
data network user both user data and interference situation typically operates on this

time scale.



50optimzed. In the following, an I1CIC nethod is descri bed based on
comuni cation of ICICrelated information between base stations. Although
the focus is on an LTE system naki ng use of an C type of infornmation
exchange over the X2 interface, the invention is not limted to LTE: it
could apply to any system where orthogomal, or near-orthogonal, radio
resources to are used. Throughout it will be assunmed (not exclusively)
ort hogonal &r erqammadbn/ih&i Baserstdtiond heed 1o@xCHInDMpravind dufficicns BPat tatbase

e cobur SR B IS b AEKE B ify RSl RertBlAunel A RUERAE LN OY0N2!

radi o FESOUFC escri The
reason for t haueum armamowetr ajlgcatien, |eéq)@dcr§lhas dyriaenigadly €ntirBl fog@ismce)fonm IClC

scheme are | agggemiQbn Gihg e Aidasisarnfuest o@&%ll%hmgug%t IEQN&ngD the

nmethod is equally appllcablefor the downl i nk hernore, the Pterm
"over| oad i ndPBHTB?Y | s not used in the present description. Instead the
nore descriptive term"resource price" is used. The information that is

t ransm t t edn betfoliesing, he IQI€@seetbbdisidengibied baber oh sahmeridationo (GICoalates not

real l'y rel gh6d 5o, thV\%QaQ%ge %Qﬁgnsr@lm&%gh H2 AR 186 YALTE!S 2§’tgm mak] &geecges of

i nformati on communi cat e ween th ase stations ca e easi
trans| at ed andltyre @idernsdien exaiaage eyer thek2 intgstagaittse Dyenrtiords naldimited tqjoes not

try to preyegt ut;&ﬁa a@;n RJVéiHy|s‘?@t@nﬁhﬁéﬂé‘bh%oﬂ@l%ﬂwé@#—%ﬂﬁod&ﬂaﬂGaﬂild iesb&cé@t a

| oad control sch ovid t he nei ghbour

i nfor mat i or?r%lBiﬁS’t TV\HH@“‘%"B’H’ be%?éi‘@egzn%ﬁlﬂ@‘éﬁ“’eg@é’”g m%’%ﬂ‘?q‘r'&”%\y H8ilge to a
nei ghbour i mguitigeadgS(OFOM)randttiad ssotib@t coyaipt afitee OFans rasbticadloekd &s thegh power
on resourc%a)scfm?ﬁfsgdag%dhg% ngpgag;aq%mr base station already knows this.

Fur t her nor € uring base station tries to use anot her resource

"V' instead of "X' in response to recei ving an overload indicator it m ght
soon get a MRrioPvsudhe Sersriptinmi feaitsep of dre ymiak N reasepipichatisthat iNg hefievgd | be

descri bed iRt @Rt gdténtial ffins M@ngbk%c@éﬁ‘fe af@ largdt h6rTRe DAMK itk BrihE @s@niHk.
informn nEI\A%thUI‘I n§ bc?se St@tl op %J {)ﬁst he ’oq\j\(/n "l oad" prior to the base
station %et'"? Rod 5\rarpIl APP IR PERE SR " ¥at i onal e for this is that
based on this piece of information, the neighbouring base stations can try
to put t heiﬁunhemmha/&GPBwn'onvmolaéﬁndimuis@etsused'ﬂn Ferpresantdessripiorom t he
per Spect] Vo Mad IUBHE ed bR/ ERPIES, Pod FROUC GEcd The r%@?at: tlypt suffering

qual ity degra |on q e ayers erent resources
have diff ertr@mmiﬁﬁ@éetw\@ﬁwe bepgistaiPnS/indmeise @fwuﬁwgows@%fqaﬁhfﬁ'th {fsed for

communi cat "‘Mn%é”fbu?ﬂl?ér't&(hel&ﬁfaﬁ ,:oafdarTh@vwéeeé bORidriBtidasealddten, Wwhile
ot her resources are fse marily used fo

20 between the base stations can be easnly translated to the overload indicator.
The “Weights Over X2” scheme does not try to prevent that an overload situation would
occur (since it is not a load control scheme). It also provides the neighbours with little
information about what to do. There is modest use of sending a message to a
neighbouring base station states that "you are transmitting with high power on resource X"

25 since the neighbouring base station already knows this. Furthermore, if the neighbouring
base station tries to use another resource “Y” instead of “X” in response to receiving an
overload indicator it might soon get a new overload indicator for the new resource “Y".

As it will be described in detail, the “Weights Over X2" scheme has the purpose of
informing neighbouring base stations about the own “load” prior to the base station gets

30 into an “overload” problem. The rationale for this is that based on this piece of information,
the neighbouring base stations can try to put their respective load on other resources.



5 communi cation with interior users, close to the base station. Also in
situations when the load is low, and not all resources are needed in a
cell, it is possible to choose to primarily use sonme resources nore often
than others. Thus, the information that a resource used (i.e. it carries
sone | oad) is not sufficient. The basicyidea is that the base stations
shall set a "resource price" or "resource value" on 10 each resource that

i ndi cat es t hathermdrapirdrm the ﬁénaiectn&beofmszwment‘éﬁérlen&Ea b@s@dro@&ol&\@kés Wholihe
interfer enc&xﬁ%ﬁ@%&&ahw c}e\ér t|£nh@\t t i vos%b' C{“é]r ﬁﬁgerﬁaZy%lflsh%b elg%nt r?%ou%%g hsﬁ;éeﬁ: 826 of

recei ves resour rirrce =1 nr or na
t hat i nf or ngiff¢rent maefrtrartstechqagme resewoes eresmmnlys@eﬁmr domamsitatisg witts i n

the own cel dxterfd? 56678, fama wtﬁe%ggggﬁoa mhﬁ@emepﬁésbuﬂcés 3238 ﬁ‘.é?ﬁgé%e}ﬁ‘férh a

resource priorit RPW I s assi ne to _eac urce On
- QPN 5 stesmutelion B3biriare! Coort LiRaiegbass SHIERIN ielseoos Wrodig
either in aloa:(ehlloqulaaﬂrmlong! et @UrcEy arbyieSaHTEN atdar it ;dpsisrm@ui @d)o@é td?;&mﬁdrw i zed

met hod. In ing.a s oma UE t he
interfer enc%gfs CHS é%%tr%egﬁg?ﬁg%é%%wggé)&hfé% ﬁﬂﬁs 3%? %R%@ﬁﬁ‘%htgaio%%eé%rfﬁf@ In
or der to cdn@rttﬁarmwss)medg@q)is nat sufficipnloposed t hat each eNodeB sets a

‘resource price" vector that is signalled to its neighbouring eNodeBs over

the X2 int erﬁe&fa%m Jézﬂsmiir%r&@s@tah@ﬁmn se@%sou@d@%nc@’rbro‘?esohr‘%etvgiué”&rpnt ext
shoul d bgq not e" it_is not used but there

i f
2 h " oot a8 Gisolise RN Rt i SRR e SRHoRWIICE e a8 Wb aRigur o 1
shows t he rioteiferencd sdnsitivityesrothaoearidutee kespuicee as a core elenment in the
"Wei ghts over X2" schene. Essentially, the price of a resource bl ock

depends on I?é‘@as@ SQQ irbddiksty %uréeﬁkﬁ . SO HE6n EMEB'EE h%g*@o s, (ﬁ%dh nfa(ﬁe use

di sturbing" 1 en I's use e net wor ure ase
stations 11%813%@@@@@ when deqiding whatsesasenemtmbesalior H@W'SWQSEB trmym &d. and
120b. The base stations conmmuni cate through X2 interface. 8 In uplink UE
120a causesc\slsaheltrfaféam'@sbmcé heedericghRagsdodedatiea sésmrdérbnoﬂm@g%( eNB)

110a. Th e ul er, (i ncorporat troller 130 of

t he eNB) %Ss(Rbagcé‘)'ﬁragg}ég at5§8 cﬁé’ A gﬁpgrgegpg{g@%hﬂgﬁst@g&a{:ﬁéﬁ O4ic&: a. used

by the nei ghisesron@inpitean OFDisredoutce hiothesithergh apelb babiihg siep or by some other
distributed or centralized method.

in the uplink the “cost” of transmitting a signal from a UE is the interference this

20 transmission causes to neighbouring base stations. In order to control this “cost” it is
proposed that each eNodeB sets a “resource price” vector that is signalled to its
neighbouring eNodeBs over the X2 interface. The difference between “cost” and “price” in
this context should be noted. A resource has a “price” even if it is not used but there is a
“cost" associated with transmitting power on a resource.

Figure 1 shows the notion of the resource block price as a core element in the “Weights

over X2" scheme. Essentially, the price of a resource block depends on the probability

that the resource block is used and “how disturbing” it is when is used. In the network 100

of figure 1, two base stations 110a and 110b are illustrated communicating with UEs 120a
30 and 120b. The base stations communicate through X2 interface.



5 b.are close to the neighbour eNB. So called resource bl ock price or value
is constituted of a and b. In the downlink eNB 110a causes interference
(indicated with hatched connections) to the UE 120b in the nei ghbouring
cell. Thus, eNB 120a has an interference "budget" (i.e. 10 margin) that is
proportional to its current |oad. Thus, ghe basic concept of the invention
is to maxi m ze total systemthroughput by mnim zing the mutually caused

i nterference upkoDE 12M¢NRES inferferéntk ttd theeleighbowringdrase ntatiod liNodeBj(@eB) ve i s

reached rel yjng.on two aspects; h tat I
announci ng 1A TER i GRBRR Pre rAESalBR b A Sl PR SO U IR, o
st ati on cal disdoatdgad ta fake casourcefblagks imtp igesthabier esources and minimizing its

own total cst (SUDbOle ddrie GARNIE Al wiiAb HaehBoaBiRy) e served at a

given rate). This iIs achi eved by a schedul er operation that governs the
resource blbck Hagese i tBacRiobRYr eNBg The base station may conprise a

processor foF cAiel eedodtcetbor pres OLVN@: iBlcosdtityed 6fes ardd f.ransm tter for
transmtting the cal cul ated resource bl ock cost and processor for

calculating a cost of using its own resources and mnimzing its own total
cost and a Isdieedewrdink alNBadri Qe nevses guedarenaedirdicatedwwithdetdhied ckhnnestiges) tmtheach

cell. 25 Fi lQE'gg%%i-nﬁﬁkﬁé@%lf\ﬁg{ugﬁ%%\p&hg%%ﬁB 2b0h 884 irgéf%en@eg%ﬂeqa(i.éerves two

UEs 220a and 2. ‘ . a recelrves resource price ( i nformation on
each resdr®argiy 817t isHEorRAriangt t9dig cwNBR! 19abb and 210c. The serving eNE 210a
al so receives path loss estimates fromthe UEs 220a and 220b to the eNBs
210b and 2ZfHus, thB®afio kbmsiphef thetnatntonds @rreaxinizd totCGERBBmMAGroughsuttige price of

resource r Ssianal fr.om eN 0 | PC.. ,u i S.. i ce of
resourco 1 SrNEN B PhERbERTESTBRAERrERE oo Rta mbdder'chutifndht
This objective is reached relying on two aspects:

o Each base station calculating and announcing to its neighbours the resource block

15 prices, and

e Each base station calculating the cost of using its own resources and minimizing its
own total cost (subject to the constraint that users must be served at a given rate).
This is achieved by a scheduler operation that governs the resource block usage in

each cell.

20 The base station may comprise a processor for calculating a resource block price, a
transmitter for transmitting the calculated resource block cost and processor for
calculating a cost of using its own resources and minimizing its own total cost and a

scheduler arrangement governing a resource block usage in each cell.

25 Figure 2 shows three eNBs 210a, 210b and 210c. eNB 210a serves two UEs 220a and
220b. The eNB 210a receives resource price (RP) information on each resource 'from the
disturbed eNBs 210b and 210c. The serving eNB 210a also receives path loss estimates
from the UEs 220a and 220b to the eNBs 210b and 220c.

The following notations are used:
30 RPga(r) is the price of resource r signalled from eNB 210b to eNB 210a.

RPca(r) is the price of resource r signalled from eNB 210c to eNB 210a.



The probl em of how these resource prices (the RP val ues per resource bl ock
as indicated in Figure 2) vectors are calculated is addressed bel ow. Here,
it is assunmed that they are nmade available to the interfering eNB. The
chai n of squares under each eNB represent resource bl ocks; enpty squares 5
represent resources with high priority (grovided with high price to

nei ghbouring eNBs) and hatched squares represent resources with |ow

priority (piyvededmdshbw ke Pédoﬁﬁ:etdacé@etmhp%meg p&NBSIurcdBI6Ek ddEnbieRest s
gal N neasurenents to Its servin

0 orts ar
TR TGt O Bl Bt e S35 RS ORILSiRS Belpig JRTS, R e T URBIISAGEE Not e
t hat these Eda@adialsle rethe stafudingeblB8ci at ed neasurenent reports are needed
anyway in order to support handover decisions. Qher neasurenents needed

for schedul 'chhiala Jf@ﬁua? w‘&ges@ éN@Fé:prék%Bt t%ggirgéﬁl%gkshﬁ&%ty(s%ugrersUE 2202

reports a channe cator for each resource CQLAL(r),

to eNB 219appPresent f%%?HéCGﬁl“@P igh RERESY AROXdeG With Bigh PHFE 191 nRIGhbeHNG NBR) Apd

price for URtchd@aq(dtPAldpisenivdsddircstA0ih I0RBABLLy Xpro@sed WitNol/ price t&RPB, A(r) X
gAl, 8 RPCA?{;@) X gAI , ?U%?g(r) = RPB, A(r) x ,A2,8 RPc, A(r) X gA2,C 20 Thus
each user HYORAUMNIINA%Iual resource price vector that depends on the

actual radio position the user has in relation to the serving and the
i nt er f er ed Eash|UE reports gain measurements to its serving eNodeB:

UE 210a reports gas = [gas.s, garcl to eNB 220a

10 UE 210b reports gaz = [Gaze, 9azcl to eNB 220a

Note that these UE measurements and associated measurement reports are needed

anyway in order to support handover decisions. Other measurements needed for

scheduling in the serving cell are not addressed here (e.g. UE 220a reports a channel
15 quality indicator for each resource block r, CQla:(r), to eNB 210a).

The scheduler in eNB 210a can now calculate the resource price for UE 220a (RPA:(n)
and UE 220b (RPax()) as:

RPas(N) = RPga(r) x gate + RPcalr) x gasc
RPa2(r) = RPa(r) x gaze + RPcalf) x gazc

20 Thus each user has an individual resource price vector that depends on the actual radio
position the user has in relation to the serving and the interfered cells.

The scheduler in the base station can now calculate the cost associated with transmission
of power from the different UEs. The cost (Ca(r)) of assigning, e.g. the power vector Pas(r)
25 and Pax(r) to UE 220a and UE 220b, respectively, in eNB 210a can be calculated as:

Calr) = RPas() x Pas(r) + RPax(r) x Pax(r)

The total cosf of a power assignment (scheduling decision) for eNB 210a is the sum of the

cost over all radio resources:



The schedul er in the base station can now cal cul ate the cost associ at ed
with transm ssion of power fromthe different UEs. The cost (CA(r)) of
assigning, e.g. the power vector PAIN 25 and PA(r)to UE 220a and UE 220b,
respectively, in eNB 210a can be calculated as: CA(r) = RPAI(r) X PAI(r)
RPA2(r) x PA2(r) 10 CA = Er CA(r) The sjggnal | ed resource price vectors are
a function of the |load. The | oad neasure may not only depend on how nuch
traffic there is inca-geld but also on the inportance of the traffic. In
order to support QS (quaflty of service) it is typi caIIy desired to
differentiate between GBR .(guar ant eed. bi t a}.f c and BE (bes

effort) traffi§¥en %ese‘érﬁeB@C%\éﬁ‘?&’rﬁ?'ea?sfé'Bﬁtloﬁtqfh‘g'&a‘{) NG19a% "SRR (fe ?%Pmeach
data fl ow. dinugepehe ohdad ruthafsBiczAsra us(:b@aml\)bumysotmtlea(mmmacb efshaatrgfic.ority

wei ght ed S“lﬂ‘o?cfer%‘%.p% Rfd(oﬁ (lqu%ﬁ\ﬂof S%Eﬁce;]_hlrsotggip‘alr o%s Mf'fe%ﬁﬁa}'é b ?en

bufferSi zef |on IS actua
oversi npl ¥ f@BBK@Wnt@Cgblf ate) tetis and BEt (hesd eﬁﬁfﬁ)dfaéf(ffbah'ﬁtcaﬂ ke depe by t rat es of

the di fferepksobibiga @frww Jalda8Se AldatiNoN Y hiid (FR I6HATRIeNBRHRRR0HHM0) mBybe f O

t he purpose of describ i sclose Cinvention it is sufficient to
| eave t hose®HE®EFT 85 BBf"’ gﬁwegag?dtsffmdtﬂl‘?etf%%’w %% a well defined method of

calculating a |l oad neasure that is applicable in each cell. In case of |ow
| oad nore resour ceslesdild &lflewRnatdy; avaifedlideg samnledwvéoall fosvsd) price in 15
nei ghbouring eNBs. The cal cul ati on of the resource price fromeNB 210a to

oD 2100 shl dbobe oBARRH i4bualF3R BUE S Farfidabh 1B g WU ARy 1R %g?azéo% the
RPWA(/) The 1 oad asures E JE c?g % V‘? rﬁé '_’a[
10 bit rates of the different flows and lt does not do any ttme domam averaging. But for the
purpose of describing the disclosed ICIC invention it is sufficient to leave those details out
and say that there will be a well defined method of calculating a load measure that is

applicable in each cell.

In case of low load more resources shall be made available at low (or zero) price in
15 neighbouring eNBs. The calculation of the resource price from eNB 210a to eNB 210b
should be based on:

= Resource priority weights in eNB 210a: RPW,(n)

=  The load measures L.oad, and Loadg {load for eNB 210b).

Figure 3 illustrates schematically a graph for use in a method for calculating the resource

20 price vector according to the invention. The RPW vector is truncated to a width
proportional to the estimated (non priority weighted) load in the cell. Then the resource
price is calculated by scaling the TRPW to an area proportional to the ratio of the (priority
weighted) loads of the serving and interfering cells respectively.

It is further proposed that an eNB 210a (figure 2 with same notations as above)
25 determines the resource price for another eNB 210b as a truncation and/or scaling of
RPW,(n to an area proportional to the ratio Loada/Loads.

The resource price vector may be efficiently signalled by a few parameters (e.g. fa, Width,
and Area) instead of 2-3 bits per resource block.



Figure 3 illustrates schematically a graph for use in a nmethod for

cal culating the resource 20 price vector according to the invention. The
RPW vector is truncated to a width proportional to the estinmated (non
priority weighted) load in the cell. Then the resource price is calcul ated
by scaling the TRPWto an area proportiompl to the ratio of the (priority
wei ghted) | oads of the serving and interfering cells respectively. It is
further propneraHattwiattruabateNBf HkGRPWiVegior & nzeant that tharsEabptietensinal saleve)

25 determnes, the r rce pric of,
and/ or scal |¢1t86 (T:)PTSOH%%&%F Es ?% %en&\éérnethegg gé %eﬁ f‘%%ﬁlb%%gg&aﬁgns Tﬁé QNE CYX/ Loadn.
The resour cto qatéroinetbe ppbabibily thad aee:«qumeewﬂ by uguspildpt iadhepeas téraviubieg. dfnet er s

(e.g. 1A Wil fobey @rb%%):v 4 ﬂ?és%@ﬁ tRén the Pribd éﬁhé’%rrés%%%&ﬁ& FesBLRE& can Bl Note

that with truncati on of RPWvector js neant that the eNB nmay determ ne
if some of £4ido F%@dﬂr"@%“ﬁ'l‘??é% sier? Nva- FﬁP(l‘érY"edqjﬂée"p‘PF‘éE‘eféWS ”F%’rbea‘i'ﬁedbase

stations. The eNB may try to determne the probability that a resource wll
be unused f Bortherrdshercastiat &t e divenuroe-zetd priceidiffepard Ipebe levely to differehidvasa

threshol d t hepdhe, Atd &e @Eaée*k‘?at%ﬂ%@@%%g dher Fé‘s%ﬁwegz‘?i% gﬁa BSsetaiich 1O

zero. In thrs truncation st eP non-priorrty wei nmeasure may be
used. For tWih highnaddkan topapthgf with lewegiogdn non-zero price different price

| evel s to different base stations may be set. A base station will provide

| ower r esoumeemamm&s:anbmacbasreeﬂmh 0DIT Wi MalaBb bediatteti DR Wwagrasoiober with
| ower | oa maxi mum al | owed cost in eNB 210a, Crna", A, may al so be
limted 66 @eﬁ%V%HP@8 | oad 10 neasure where Crax, A LI a x LoadA where a is
a constant factor. The uplink scheduler in a serving eNB 210a will try to
mnimze the total Oab@Ffeexénadk, cost summed over all UEs /and resources r
when making its scheduling decision. The

where a is a constant factor.

The uplink scheduler in a serving eNB 210a will try to minimize the total interference cost
summed over all UEs / and resources r when making its scheduling decision. The

15 optimum solution to this problem requires an exhaustive search over all possible
scheduling decisions, which is prohibitively complex. Instead, other sub-optimum solutions

must be used.

Nevertheless, any good scheduling algorithm should take into account both the channel
quality indication (CQlI) information as well as the cost of assigning different resources to
20 different users. In order to achieve this each radio resource for UEA; may be weighted in

the scheduler as
WCQIa1(r) = RPW(r) + CQIa1(r) = Pas(r) x RPas(r),

where RPW,{r) is the resource priority weight used in eNB 210a, CQla4(r) is the CQI
reported from UE 220a on resource r. By this the scheduler will avoid to assign resources
25 to UE,s that are expensive in UEa;. Note that the cost of assigning a particular resource to
different users is typically different. Assume there are two different users that are both
located on the edge of the serving cell. These two users will typically be interfering
differently into the neighbouring cells. The scheduler can be made aware of this and it is
discouraged to schedule UEs on resource blocks that will cause “expensive” UL

30 interference in neighbouring sites.



15 optimum solution to this problemrequires an exhaustive search over al
possi bl e scheduling decisions, which is prohibitively conplex. Instead,

ot her sub-optinmum sol utions nust be used. Neverthel ess, any good schedul i ng
al gorithm shoul d take into account both the channel quality indication
(CQ) information as well as the cost ofizassigning different resources to
20 different users. In order to achieve this each radio resource for UEA
may be wei gitieagthédulibd eost ohe eisbarce asthWOBleAT ¢duct GftF@V&%nbce@ﬁhe hé powerRPAd(r) X
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t he edge of the serving cel hese two users will typically be interfering
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cause "expensive" UL 30 interference in neighbouring sites. 12 The
schedul i ng €odSthebbsastatgoascehigieert(prissityt Weigied)doad thah its heighissosir ce pri ce,
the power and the radio distance. The cost function is therefore such that

it will tendchs pseiigh gF&‘é?HE%uQL’ grak§cﬁeeunes Uﬁe Whdrha BitigHe HRWRGigRMHg 1T The
UE has large radio iS resource i s expensive. 5
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schedul i ng bonus to power (exterior ers so are
schedul ed k?@fvdﬂgeceﬁﬁ?d H@rﬁ”ﬁb%é?e pRiAf torl ipteredng eHs) ﬁ?sib?féJseth’é”‘s'@Wedul er can

sort the umbﬁ,e@pgartggagcttrgd.bP@ogﬁggms[y factor (defined e.g. as the ratio
of the gain to the serving cell and the sumof the gains to all interfering

cel | s) sz tHialre dd@sisated sdheh@ticgig infertntatiog ekcHangs béteetn eNBs actrSiny tc®s first.
invention. In this example the interfered eNB 410a sets the resource price, but given
sufficient information the interfering eNB 410b could also calculate the resource price.

The required signalling between the base stations (over the X2 interface) is depicted
consists of;

20 e Resource price vectors (infrequent, event triggered).
+ Weighted load reports for resource price calculations (infrequent, event triggered).

Note that the information exchange can be designed and encoded in many different ways.
It is however not the purpose of this invention to make claims on information exchange
between the eNBs, but rather to propose a solution that enables the eNBs to use the

35 information they can obtain from the neighbouring eNBs,

To summarize, the invention according to one aspect relates to a method for managing
inter-cell interference in a celiular radio system in which the scheduler in each cell controls



Lb Figure 4 illustrates schematically information exchange between eNBs
according to the invention. In this exanple the interfered eNB 410a sets
the resource price, but given sufficient information the interfering eNB
410b coul d al so calculate the resource price. The required signalling

bet ween the base stations (over the X2 imterface) is depicted consists of:
a0 Resource price vectors (infrequent, event triggered). Wighted |Ioad
reports forasasdshaed pdiccesaatasyivheiednsradiovks@agessmdre ableastinetar bifgeoealto Not e
that the i ' [ d encoded in many different
ways. It iggﬁé&g%éﬁqﬁgﬁﬁﬁﬁg&gwggggggggg%ﬁggﬁﬁﬁaghtion to make clains on

i nformati on exchange between the eNBs, but rather to propose a solution
that enabl es Thes¥NRg elNG Qpéaing ¢R rath srinErSReYersEal foanaldeesiione HEdathene

nei ghbouri ng ebMBgredlglisunmari ze, the invention according to one aspect
relates to a nmethod for managing inter-cell interference in a cellular
radi o system.i j e. schedul er in.each cell . control.s, 13 a.set of
Shared 1ot HRSIVBES BTN sl it eI Sl Tonidh B o

ort hogonal t o(csaeverd) intarferefhaNBfe hod conpri ses the steps of (figure 6):

The serving eNB obtains 601 path gain neasurenents fromat |east one UE to

the interferegdhcellifg eRB chhRines6es s AREMaIAhRS Qe ss&diflc reRR ke pricer €SOUT CE
price related information fromone (or several) interfered eNB(s), The

serving eNB c¥tfi We82BU8IPKPOUIH or mation into a user specific resource
price value for each radi o resource,
e The serving eNB calculates 604 a user specific weighted channel quality indication

10 value for each radio resource by combining the channel quality indication (CQI)
information available for each given user with (at least) the product of the user specific
resource price and the required transmit power for each user,

¢ The scheduler uses the user specific weighted CQI values to make 605 a scheduling

decision.

L5 Also other factors known in prior art, e.g. cell specific resource priority weights as well as
various resource restriction rules may be combined into the user specific weighted CQl

values. This can be expressed (assuming proper scaling of the different components) as

WCQIa1(r) = RPWA(r) + CQlai(1) — Pas(n x RPas(1) + RRas(r, 1),

Where WCQIa«(r) is the weighted channel quality indicator for user A, on resource r,

20 RPWA(n) is the resource priority weights for the serving cell A, CQIla4(r) is the CQI values
for user Aq, Pas(r) is the power used by user A4, and RRa¢(r,f) denotes other resource
usage restriction rules applicable for user A, at time ¢. In the above equation the
components that are novel in this invention are underlined.

According to the invention the method of calculating the resource price that is provided by
5 the eNB A to another interfering eNB B comprises the steps of (figure 7):

e Assigning 701 cell specific resource priority weights (RPW) to each eNB, eitherin a
cell planning step or by some other distributed or centralized method.



The serving eNB cal cul ates 604 a user specific weighted channel quality

i ndi cation ovalue for each radi o resource by conbining the channel quality
i ndication (CCMinformation available for each given user with (at |east)
the product of the user specific resource price and the required transmt
power for each user, The schedul er usesi4 he user specific weighted CQL

val ues to make 605 a schedul i ng decision. 15 Also other factors known in
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t he net hod of at'1 ng t e resource price t I'S provi e eNB
A to another PNB&fering eNB B conprises the steps of (figure 7)
Assigning 701 cell specific resource priority weights (RPW to each eNB,

either in a ceNB ppﬂ,@aaéggozsmqueggurd@yp@@rre other distributed or centralized
met hod. 14 The first eNB A esti mat es 702 the current and the predicted
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priority wdiggdi's it can provide with zero cost. The resource
TRPW,(r) = ARPW,(r), Loada),

Thus, interference on resource blocks that are associated with zero cost is provided “for
free” to all interfering base stations. The resource cost that the eNB A provides to the
15 interfering eNB B is then another function g() of the TRPWA4(r) and Load/Loads:

RPag(n = g(TRPW,(n), Loada/Loadg).

This means that the eNB may provide different resource prices to different interfering
eNBs. This is believed to be of particular importance in case the load in the cellular
network is un-evenly distributed among the cells.

20 Note that depending of the actual implementation of this invention the calculations that
result in the resource price vector can be performed in either the disturbed or the

disturbing base station.

Not also that in 3GPP the term “overload indicator” is currently used to indicate some kind
of information related to inter-cell interference control sent between eNBs over the X2
25 interface. There are no decisions taken yet in 3GPP on what the “overload indicator” shall

look like.

A base station 10 or part of the same according to the invention as illustrated in figure 5

and comprises:



S5price provided fromeNB Ato the eNB B is based on truncating the resource
priority weight function to a wwdth proportional to the |oad of eNB A and
scaling the area of the resulting function to a value proportional to the
relative load ratio between eNB A and eNB B. eNB A provides 704 the
resource price. 10 I.e. the truncated regource priority weight of eNB Ais
a function f() of the RPWA(r) and LoadA: TRPWAN = ARPWA(r), Load,), Thus,
interference an és&ewc@fobm@mgtda&tg@rﬁ MedSFemb@t @dmMtldhsZekOudepst 1S
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function g() of the TRPWA(r) and LoadA/ Loads: RPA B(r) g( TRPWA(T),

LoadA/ Loade) . *Thd Borﬁm‘ndstt reaeivingeek Bieafeyeqmumei meedél{atleéﬂrém'naﬁesﬁummepri ces
to different intgrf bﬂ&eﬁ%@ S haddlbtStidn, el i eved to be of particul ar

i nportance in case t in the cellular network is un-evenly

di stributed anong the cells. 20 Note that depending of the actual

i mpl ement &t i off RIRFESSNA PEARISSIPTY Héf%éPE‘mnéﬂgﬁB%‘qu Ration igtaa wser grediic
resource price vesdubde irize vare p&Tdaon rlb fedo@té her the disturbed or the

di sturbi ng base station. Not also that in 3GPP the term "overl oad
indicator” is,c i 1 pformation rel ated
to i ntercel i S ta dShachbrt 121 BhRYIRNIES 1 RpRling I OHRE bhhal
interface. Ther gluglity ingisatiencyalieofes eacikiedioyesourae, 8@PP on what the "overl oad

indicator” shall look like. A base station 10 or part of the same according
to the inventiomeamsiblisrsdréadifgltiesche A evith tROGseF QPR BSghted CQl values.
10

Clearly, the base station comprises other functional elements for handling its functions
well known for a skilled person but not illustrated here.

It should be noted that the word “comprising” does not exclude the presence of other

U 00

15 elements or steps than those listed and the words “a” or “an” preceding an element do not
exclude the presence of a plurality of such elements. It should further be noted that any
reference signs do not limit the scope of the claims, that the invention may be at least in
part implemented by means of both hardware and software, and that several “means” or

“units” may be represented by the same item of hardware.

The above mentioned and described embodiments are only given as examples and

should not be limiting to the present invention. Other solutions, uses, objectives, and
functions within the scope of the invention as claimed in the below described patent

claims should be apparent for the person skilled in the art.



15 a portion 13 for receiving path gain nmeasurenents fromat |east one
user equipnent to the interfered cells, a portion 14 for receiving cell
specific resource price related information fromone or several interfered
base stations, 5 an processing arrangenent 11 for conbining the information
into a user specific resource price valye for each radio resource, a

cal cul ating arrangenent 12 for calculating a user specific weighted channel
qual ity i ndkegatbhéd val ue for each radi o resource, and nmeans 15 for

provi di ng the dul er, wit he usey, T i ght .
Clearly, tﬂg b§§2’?’sg}§f’i’%ﬁ§ ggﬁ{g'm’%oé’s?{?t@%?gé’unc l}p%erﬁa ! ig gg@rﬂ‘féﬂ%ﬁ?@%ﬁl i ng
its functi Grbemes Withodwith Load lmdickiidn’ deticperrs KabduweraptMan 2004t r at ed here. |t
shoul d be noted that the word "conprisin does not excl ude the presence of

‘other 1.5 dRlen8fFe %@”@Qfé?ﬁoﬂﬂfvéwiqnh&@mgﬁ»e"ﬁ'LéTer“ VreMggtugrmeny Repprting

precedi ng aicedANMBRANHOUBAL JeClodde the presence of a plurality of such
el ements. It should further be noted that any reference signs do not limt

the scope @8] t ke Wl aidrel, UilatDdwménk Mgt iResouray Allecation| adiultitcelp dPRDMA

i mpl ement ecéyg%mmg?é%g";—%;gg&}gn?%%dm%%s%%nﬁgéﬁigﬁ%ﬁs, st Ng;%eﬁg&é’l\bﬁ The

"means" or represente sane 1't em of rdwar e.
above nenti208@d and descri bed enbodi nents are only given as exanpl es and
should not be limting to the present invention. Qher solutions, uses,

obj ect i ves,dland- ARREPoAs AlRssitt -t Rettisash M. J¥otefil “Crolalze nRadio Reseweg i n
t he bel ow g@sedtioRedomabrEDMAC! Gklitars Byslethdde mEEATr Bitdrnétivhat heofrereaon ski | | ed

In the art 'Comlrgunications (ICC '07), Glasgow, Scotland 2007.

[6] 3GPP Standards Contribution, R1-075014, "Way Forward on UL ICIC/Overload
Indicator for LTE”, Telecom ltalia, Ericsson, Alcatel-Lucent, Orange, Qualcomm Europe,
Telefonica, Vodafone, KPN, November 2007.
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OFDMOr t hogonal frequency-division multiplexing RPresource price RPWesource
priority weight 10 UEUser equipnent 15 18 CLAIMS 1. A base station (10)
for use in a communications network, in ghich a schedul er in each cell of
said network controls a set of shared radio resources, said radi o resources
being at 5 | east near orthogonal to each other, said base station
conprising: a portion (13) configured to receive path gain nmeasurenents
fromat | imgne user equipnment to at least one interfered cell, a
portion ( configured to receive cell information related to a specific
resource value fromat |east one interfered base station, 10characterized
by: the specific resource value being arranged to indicate a probability

t hat a redofibese @latipn bW) fyaige dy awemmupicatiang petworle irewbish acsbedylen ingaeh t hat
particul a L ' A LQHE ; i ne
ol d ool 1 g o et o S BB e e o et B2 Mt
gai n nelslaeshieear orihagenahtagroh offirrpedid ppee pletigueevpifiidGe val ue for each
radi o resource,

e a portion (13) configured to receive path gain measurements from at least one

user equipment to at least one interfered cell,

e a portion (14) configured to receive cell information related to a specific resource

value from at least one interfered base station,

10 characterized by : the specific resource value being arranged to indicate a
probability that a resource will be used as well as an interference sensitivity on that

particular resource,

e a processing arrangement (11) configured to combine said cell information related
to the specific resource value and said path gain measurements into a user

15 specific resource price value for each radio resource,

* a calculating arrangement (12) configured to calculate a user specific weighted
channel quality indication value for each radio resource by combining a channel
quality indication information available for each given user with at least a product
of the user specific resource price value and a required transmit power for each

20 user,

e means (15) for providing said scheduler of the base station with the user specific
weighted channel quality indication value, wherein said scheduler is adapted to
use the user specific weighted channel quality indication value to make a

scheduling decision.

25
2. A method in a base station (110a, 110b, 210a, 210b, 210c¢, 410a, 410b) for managing
inter-cell interference in a communications network, comprising a scheduler in each cell
which controls a set of shared radio resources, said radio resources being at least near

orthogonal to each other,characterized by the steps of:



a calculating arrangenent (12) configured to calculate a user specific

wei ght ed channel quality indication value for each radi o resource by

conmbi ning a channel quality indication Hgfornation avai l abl e for each given
user with at | east a product of the user“specific resource price value and
a required transmt power for each 20user, neans (15) for providing said
schedul er of the base station with the user specific weighted channel
qual i ty indi ekeingy ©@aldata frsesening B2t sehedaswemestsadapt ed to use the user
specific wei ghted channel quality indication value to nake a schedul i ng

deci si on. «25,ainfhg BNt Rpfedffify Sal b if(c]rég’@urcé'w& ingi%:gﬁlg ggs?o%ﬁg&&oc

410a, 410b) for managi'ng inter-celT interference In a conmunica
net wor k, con{hel arefguEsesrthbeyped as webae andueiferghée penstivity oh ¢hat psediculef  shar ed

radio resour 8surcs fbfh Sl el ERPHIERRPEIA Ak east near of thogonal to

each other, characterized by the steps o obtaining (601) data

representing path gain neasurenments, obtaining (602) data representing a
cel | spéci*f i @kiRipa (&R3) spidciata iegresentinmpath gasbabasurementsandsaceddar ce wi | |
be used as i ' C%e&.@i t L rt urce
from one or m%%tegr@gﬁlﬁa%gﬁ%frcgg? asé statei'%t\r?safkyﬁf?eg%%rﬁ?%&%%é‘fwaggﬁo dat a
repr esent i nge3sAtrAdigaeTPURRSasur enent s and said data representing a cell

specific resource price into a user specific resource price value for each

radio resourGfouiatfigl6tha d4a0spERD wagHEE onsRS blbiky HElANbRHG0pNgL, qual Tty
i ndi cation val ue for eac B radi 6 resour ce {/ conbrning a channel

qual i ty i ndi'édioirgseures by pembioingachianasl gafiyrindication ifginvationuayeilablé fdn eath

| east pr o I L L0r i qui red
transmy por e S KBl a Bl e e P R MR B PO Lasea
on sai d userreggeas transmiledayter &t eebinael agdial ity i ndi cation val ue.

e making (605) a scheduling decision based on said user specific weighted channel
quality indication value.

3. The method of claim 2, wherein said path gain measurements is from at least one user
15 equipment to interfered cells.

4. The method of claim 2, further comprising combining cell specific resource priority
weights and resource usage restriction rules into the user specific weighted channel

quality indication value.

5. The method of claim 4, wherein said weighted channel quality indication, WCQI, value
20 is expressed as:

WCQIa1(r) = RPWi(r) + CQIa1(r) = Par(r) x RPaq(r) + RRa((r, 1),

wherein WCQIa1(r) is the weighted channel quality indication value for a user A; on
resource r, RPWx(r) is the resource priority weights for the serving cell A, CQlaq(r)
is the channel quality indication information for user A4, Pas(r) is a power used by

25 user A;, and RRa1(r,f) denotes resource usage restriction rules applicable for said
user A at time t.



3. The method of claim2, wherein said path gain neasurenents is from at

| east one user 15 equipnent to interfered cells. 4. The nethod of claim 2,
further conprising conbining cell speC|LLc resource priority weights and
resource usage restriction rules into t fe user speci fic wei ghted channel
qgqual ity indication val ue. 5. The method of claim4, wherein said

wei ght ed channel qual ity indication, , value 20 is expressed as:

WCCI Al (1) B=Arpsiaed fo qa'@dytma(f?ﬁour@@ yalye | gating a-progsility that 3 resphieseatiti be

WCQ Ai () u's§d b@@e%’@'s@hﬁrﬂ@rf@r@ﬁé@@énsﬂl’&ﬁi/ bh Yhdt thi%éltalf %oﬁ%‘eq ?1 TiObraRidaqy £ on

resource r V\A(r? is the resource priority weight e serving ceII

A, CCl Al ( fiistipasq satiehAnnalseqend intejferingiPase station Bt the mth‘amcqrﬁpn&meﬁhem

PAI (1) issepaeper used by 25user Al, and RRAI(r,t) denotes resource usage
restriction ruI es applicable for said user Al at tinme t. 20 6. A nethod to

cal cul ate a resource value indicating a probability that a resource wll be
used as°>wél | 2SS9 GeltSepEilG Easeurce driefilyi Waighis.drP Vi egshirhase stationr esour ce
that is provided by a first base station Ato a second interfering base

station B, té@mmh@%uﬁenwdosa\ PRdlch& 85&BRuAbA, ad@SsSi gning cell specific
resource priority weights, RPW to each base station, estimating a current

and a pred| cted |l oad situation, LoadA, based on the current and the
predi ct ed®| dasediondhe Fereriaad & eredisiad legsituation pad saidcell ppeaid lepowse ght s,

deci di ng whighyrigf wé@@tsr@&ﬂ}iﬁgﬁﬁ/ﬁxcﬁ‘oﬁ‘ the r@g‘&?rEeNfﬂWoWe\ét MeS @ hEighRl id firsBt
base station can provide with zero val ue, and
base station can provide with zero value, and

10 e basing said resource value on truncating a resource priority weight function to a width
proportional to the current and the predicted load situation of said first base station A
and scaling an area of a resulting resource priority weight function to a value
proportional to a relative load ratio between said first base station and said second
base station.

15 7. The method of claim 6, wherein said assignment of cell specific resource priority
weights, RPW, to each base station is executed either in a cell planning step or by a
distributed or centralized method.

8. The method of claim 6, wherein said truncating resource priority weight function,
TRPW, of said first base station is a function, f, of said RPW and Load,.

20 9. The method of claim 8, wherein interference on resource blocks that are associated
with zero value is provided without resource consumption to one or several interfering

base stations.

10. The method of claim 9, wherein said resource value that said first base station A
provides to said second interfering base station B is a function, g, of said TRPW, and
25 Loadp/Loadg, wherein Loadg is a load of said second base station B.

11. The method according to any of claims 6 to 10, wherein said first base station

provides different resource prices to different interfering base stations.



10 basing said resource value on truncating a resource priority weight
function to a width proportional to the current and the predicted | oad
situation of said first base station A and scaling an area of a resulting
resource priority weight function to a val ue proportional to a relative

| oad ratio between said first base station and said second base station. 15
7. The rret hod of claim 6, wherein said assignnent of cell specific resource
priority VéiQhese skbqp faryiseih Mydseslsenvirpaments caraetatieas! by @ Reacessing cel |
planni ng sicis ®6r dRYcumtifll SLrebAHEE 0alQE ifefiRtihghL] @&b’]ﬁtm‘ég r&ou?&%lﬁ%[emgﬁ()f
claim®6, wherein said truncating resource prlorlty ﬁt function

of said fiaPyellipsan islereienre senwlivtywotthairpariculasresoares. RFbwla'ﬂi\d’fe[é(HdA 20 9.
The met hogapémetry é@l(ﬁcal&‘m&ég 'ré%du?éeeﬁlﬁé BN fe D ohEBAY G8tidH AfkTebidforar €
associated with zero value is ovi ded wi t hout resource consunption to one
or severalacHetng éPPﬁg‘”E%@‘%‘t"gﬁe&@e causaato neighbeting Basst staticnisrduingwher ei n
sai d 1 esoynaaemi48ioH Erohn@lis§@fhigndritiofRARG iRt @Qoﬁc@sr 9¥§e@%?1 étg %sgloqesecond
interfering base station Bis a function, of sai

LoadA/ LoafSeMRHEPRAYRCE vleand minimiing it 0\@@?@*%&@1@ aaacé@dgheaarr@mg@entll

The net hogo@&ﬁmbcyr@goﬁr@eggygéqﬁ 2kRkBp 6 to 10, wherein said first base
station provides different resource prices to different interfering base
stations. 21 12. A base station for use in a nulti-cell environnent,
characterised by a processing neans for cal culating a resource val ue
indicating a probability that a resource will be used as well as an
interference sensitivity on that particular resource, a transmtter for
transmtting said calculated resource value to at | east one base station
and neans for 5 calculating a cost, indicating interference caused to

nei ghbouri ng base stations during transm ssion froma user equi pnent, of
using its own resources based on at | east one received resource val ue and
mnimzing its ow total cost and a schedul er arrangenent governing a
resource usage in each cell.



