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METHOD AND ARRANGEMENT FOR MANAG NG | NTER- CELL

| NTERFERENCE | N A COMMUNI CATI ONS NETWORK TECHNI CAL
WORhEDs5bhe present invention relates to an PCT/EP2008/000193

infrastructure arrangenent ang nethod for use in a

cellular radio systemin which a scheduler in each

?nea;/ " 8%;% ﬁg%&g?f ggggﬁgﬁf@dkﬁg&%ﬁb‘iﬁﬁﬂ%ﬂﬁs ™ a

currently ongol ng work of standardi zing the |Iong-term

evolution (LTE) concept in 3GPP there have been

nunmer ous_contri butions on nethods related to
TEGHNICALTIELPnt er f er ence coordination (1CC). Wt hi n

t he 3GPP wor ki ;(':1 group RANL t here has been on .
Thetpiesenb iV RIATSTHESSS BT TUcHB ArTaRge T A A B hog € use in

cefi& raﬁﬁ%y&)enﬁ Iﬁtﬁrﬁlfﬁﬁ%cﬁ@cﬁﬂéﬁﬁ BabR8AI SontrbistNSet@F shared radio
eNodeBs) "w be s% ported for the purpose of

rew%amtalmmﬁnﬁéopr nate edaperaietween cell's. No
deci si ons have yet been taken on what this O shall
actually contain and how it should be used. The O

BASKGHODNMNYthing froma single bit to several bits
per OFDM resource bl ock. The transm ssion of the O

could be periodic or triggered by different events. In
In trkCdurreintly bRgding waﬁcemmqarduhag thed Ibn@wmé\mllﬂfont(h'GE) concept in

e of t a andthe ct cont of the QO
3GHE e havke brerunTiarpiss Rt os GRRIRESd el O foghter-cel
inteH&lencd cosrdimatmrilacii)zati on. I nter-cel | interference

managenent and inter-cell interference coordination

as.,a Ilteratur i nce the obl .
W e 058 B! 5 O oBE R ENBRE5A s ghhsson o
ani “ovérioaid rgdicad” 20t dwBXIhe XDimerface (hdtween basenstations or eNodeBs) will
di stributed al ort 0
verRP b ] s atPors A ReBiittinaghe etk gl Ng decisions
hage gigﬂ’tmundalﬁersdm what t8&0OH maﬁtactdauy echtaih gamidi holanik stiauld be used. The
01522 nat wer_and, Gk C e
g e g f o SB0leiE Seua Bl pSTHRY AR R ock The
trdasmtssldnutfmb al gould bbiperibdic optnggererdcbytdliﬁéreami/ents In fact, it is not
nelcc[:gs%rr)}c F alfaspec S gfetﬁrg rt]tsag‘r’ler(‘)sf tHE HI ahcri1 W actual content of the OI (number
of bits, information elements, etc) are subject to standardization.

Inter-cell interference management and inter-cell interference coordination has a vast
literature, since the problem space is well known from, for instance, other cellular
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
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 multi-cell environment in which no

central entity exists.



10

15

20

25

30

The scope of prior art does not easily extend to a

multi-cell environnent in which no central entity
woenosssioMul ti-cel | radi o resource nanagenent POTEER®BAH0193

and nulti-cell interference managenent in particular

also has a rich literature, although significantly

MJIt?E?I/ AR AFUE iR eﬂ@ﬂﬁn?gﬁé‘raf Shd uﬂgééﬂ |ﬁt%|'flarencetmanagement

However, ne of hese wor f ocus on
in m@mar %0 bamavioh bt@taiurebettmh sagﬁfe,cagthale% Merkshayg been done

fbpgﬂﬂ@@ell tEr‘nsCﬁNve\%Ysﬁcﬁ{@ éflﬂﬁébetm{(s FOERE dhlwhat should be
roughput approaches nhear-optimal value. In fa

commwalqafect brtweembags $tamﬂ§ in @apsthegon anultirgel %\fstem Such that overall
thrglé@{&eniﬂérﬁem nééraédtlﬁfé‘fvémg th hﬁct%ﬁ@ﬁ?'tﬁé&%‘ é?@brlthms focus on

ot e issue dynam c di stributed
thereasei of distributert baseesft@tm amarﬁag epBAUnjcatioR: betwesB fieaind
extensively di scussed. However, apart fromthe

The Y&UL QA dyhdHic chdtfsuted ﬁﬂlﬁﬁéﬁll’mtbhéfe@lc@ AfanAgEmBAEB wrll known and
speci fic” proposal on X2 nessages that have the

exigngively giscusied fowever pPam frepy P@M@@a@au@éat%yrqp%éa' thefe has not
be?h fafs%[eéﬂé pFo%'olsﬁ Jn@(@ﬁ\%sﬁsgj&hﬁét ha-UB Itie géal@@ﬁm%&etthé impact of

has been i ated that such X2 nes

mteri%'ﬁa%@aqsgd oy fer diffgrand celisiacde anptbes rsisdespis  tact that it has

beBR SHdRlatEhEt sikPEXS MlesSagrBNcRandd is eRpEdte@tS¥SHaMER the overall
devel opnent and from a st andar di zatl on perspective, it

systgm; mange. e8e i expmplediht nessages between the
base-stati ons shoul d be comuni cated such t hat

Frbrﬁtaes"ysfe@rh He\PéM;ﬁﬁérﬂfaﬁﬂcﬁ%nﬂa@wﬁﬁ’ﬁmatlbﬁ peFspiective it hsyumportant to
achi eve rspectlv

ct
SPRUD UM FHRSSROe PR TSP sheaiRs ShaHE BRI iR SUGh that
inte0edIaRteFetince Wedhagementie efforihtipackiensd, rséél[iﬁdlrhycﬂ; frem that

pefq?)rgtctlzlj\wcelg at n&ql?rﬁglie be?s%?s}t%t@s ﬁg{gggggbgi(‘@r@o” cogﬂqpts of such

mébsahed & N@@éns‘trb@tebdﬁ&hébaﬁlb@atlﬁd‘lﬂaﬂejstdlfibnspefe b’ important than
rec %‘f?’t of such nessa

es t.h r
thg HGBHRIABLEEIRES FoSah Kse ST A WD Ho ek &hﬁ?% e ation should
dol UpRAGhe Rcelphef suthahedsabks.i Nt er ference. Anot her probl em
is to device the inter-base station information

exchange (in for exanple LTE: X2 communication) and
the associ ated base station algorithns such that
SQ'\@Mﬁﬁr ments descri bed bel ow are net.

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

algorithms such that requirements described below are met.

Consequently, the present invention provides a fully distributed solution for multi-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.
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Consequently, the present invention provides a fully
distributed solution for nulti-cell orthogonal

woysstss®l i ncl uding the inter base station i nPOT/MmRR008/000193
exchange such that the inpactzof inter-cell
interference is mnimzed and thereby the overall

Th%ﬁétﬁ%h& I&F@&QW%nd fhe cme?seé’re aEARVEd LSihg dhtinfra@Riclled

ovi ded tfor such a systemlevel engineering
arrgag@me@tr{owﬁg ip redsINRdnigations reiwark 4A avhighea gg]e@g{elr\;bgach cell of

safdl fetRGR OURGIs o Bf %réé‘?do?&?és%k@é Esal FaDREBIMceS BEing at least

use In a communi cati ons network, in which a schedul er
nepforthagenakipleagh other. de}@eE!fVﬁﬂQI%"@GhW’BPr:*,Se& 3 pprtign coptigusgd for

re¢AthPp étﬁ%‘éw ﬁ§§sur§ﬁ\bﬂtsrfﬁﬁh Qt IbSﬁ%@Qﬁér B@Jlﬁﬁeﬁtttda@\aﬁferfered cell,
near: orth ogonal to each other. The arrangenent

a RaskAsY Gastigures Tpiieceiing cshinfematian iglateciod sheticggeeprce value from

ond ¥ BeVER AN HieFERIH Bask stifioRt, 4 frdsbssMifarisRienfstit FdBRRbiriy said
an interfered cell, a ortlon conflcgured for recei V|n

infernation inte araer sPeGia r&ﬁewcwa'aeéﬁefe%ﬁ radip £8Aes ALHA 9'"9

arfah§8m BN oPEal SNt udd? Pé&ﬁé feighteaechahaéll Uatity ifdication value for
processing arrangenent for conbining said informti

eaphfagiqresouices pac meaes fos PerMiding saif aehef%#efé/étW%aP%C'foc weighted

CHaRR8UGAity Rdicatdr Cal)ivaliea! PRSP’ ﬁhefs@hedlﬂérqslbﬁivid’éﬂ t8 use the
user specific weighted channel qual it

user$ReSIficyreighied CnQid?lb'eF tamarea, scawamne a’ﬁglsmr T?ﬁ S%W?P&j‘
coﬁ\%\'lgess&hﬁﬂ%@é c%ﬁﬁbcéﬁﬁlfty ﬁi@l%héﬂ\ g:@? '|&Bﬁ1@éiloﬁ|ﬁﬁﬂ@ile for each

Qual ity Indicator ( val ues. erab
givERSRLIVER at leagt HRTod qf 8 Llf@ésw%fwg%?ur%em P'&d the required

tra%r'nﬁ 'E)Bﬁ/@r forea¥RLis@sMbst prefefatsly, 3R BtEhddBerdes hsaRied a6 @serving

cal cul ati on conprises combi nes a channel quality
bapegfatighi on (CQ ) information available for each given

user with at |east a product of a user specific

resource price and the required transmt povver for

each user., Most preferabl emsn j
Thasvanijer alse 'alalesi ABeBaL I 2 bise SRNOHIRE MAtealBi ™57k
mtéﬂ%r@h@é; |r1|té)c@nit‘ﬁﬁhif&ﬁﬁ’odsfhe?!wbr&seorﬁb@mgm sémdurmnagaﬂgceu which
| Nnter-ce I N rrerence 1 n 0 ni cati ons
coplspls i sef ALshare Fasin fespurces e ragg) fFS%F%%aféoaR?%%? gegy orthogonal
to 88¢h 6thet Tk elethad cOMpASRLAE efeps DRebEAGInG dé&ﬂ@pl‘eseatlriy gath gain
at | east near, orthogonal to eac

meESHERTEILS QblRInISs S9E EPressptng %PH@SR?&?Q rF%?}F‘égE'EH‘E‘% f fgn one or

sebérahinfEefedBaseLt SBMR! SomBiRingisaidgfottabior iRy @G@éﬁsrﬂglfla resource
cell specific resource prjice.fromone or. sev

price value é?ree@cbag@%%%aur%galcelam ALRE %%Ctﬁ'cwﬁ}t%ﬁhwe' quality
indi€dtidn ¥akiegbr SRPrallioGes AT bE Bombining a channel quality indication (CQI)

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 CQlI values. Preferably, the path gain
measurement is from at least one user equipment to interfered cells. The method may
further comprise combining cell specific resource priority weights and resource restriction
rules into the user specific weighted CQI values. Preferably, the weighted CQl (WCQI) is
expressed as:

WCQIa1(r) = RPWA(r) + CQlai(r) = Pai(r) x RPas(r) + RRas(r, 0),
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price value for each radio resource, calculating a

user specific weighted channel quality indication
wowvabdsmssfoar each radi o resource by conbi ni ng apchareeis/ 000193

quality indication (CQ) infoymation available for

each given user with at |east a product of said user

wh‘(cépe?r‘i: W(#ﬁlw(gqg Wec\ﬁelgﬁt‘e ggﬁ‘rqihnght& W\Hﬁfcﬁ'q td @é\ﬁ"’ﬁ ton resource r,

a SC ? eC|S|on

RHW,e(eds the readpufce paority p@agm:; fprmg w@@ cng‘\ cg ardxis the CQlI values
forJsgf ﬁ 1(6) is Eg)%w}é?hge@ SHﬁ@ﬂRm(r f) %eﬁét@@réﬁou'r%age
one nt to ere he net hod may

resftltimloheules @npquab@ fobadid NSWgAcailtlmestpec i f ic r esour ce
priority weights and resource restriction rules into

Thtehr‘r:veﬁﬁgﬁ a%%‘?@l%{ﬁz& Wehehbg %r@gcubéﬂhé‘ ?e%ou%ee\faﬁf@t‘hlatﬁs erSWded by a

IS expresse

fi rsds\pA§e staq;oy pM)e @)secop:d\mﬁrfgrmg bﬁpgstf{lpl)\ (B). %pé\nle(tpod gomprises the
steps ?raps's@r }%Qe'ﬁ sheilic Fe%ohh:% PRl &ghts '@RPW}'to Sﬁéﬂ b&éé station,

I cat user on resource r

eshr@g@g@gurmmt@nidtay\ pﬁg@igwpgoqd(ﬁltuph@ doagin Eagq:q q>n gnmswed load
and @5?51 REW B@cﬁ% Mﬁéﬂj@fﬁhé Pésou%g with: loWésk (d’rlbrlinNélgtﬁtQ\éﬁTd first base

use user g denot es resource usag
statlegtcan @rovm with é@oaipst |aaa paing §pid<capton encating &tfeﬁ‘i’tif@e priority

wetl%f]t rfbgoh Ry £ WidtR 'Br@do?ﬁbnra?{oaé F%%d to@séﬁ IR Bﬁge E@Elon (A) and scaling

fing resource val ue that ovi d
ante® oka easubing fuyction teagalsrmioRanie 47 F@atﬂﬁéga%faé'ﬁb&ﬁ”ee" said
firdt Base g@ﬁoﬁgﬁaggld%Wd B&se §t5‘l%r§tF5rEf%ré’cfl tﬁé%éﬁ@hrﬁ%&ﬁ'cbll specific

specific resource priorit to each
resztme Ripriteweighis Gﬁifjodvhtomg éﬁﬁe aﬁa%ﬁ %ﬁeéaﬁeeteétae'l 'Befbce" planning
st% Wdéeeigtrﬁh%%)centrg%@qlnétﬂo@ M@é%r%e't%@at@ﬂ‘ﬂe&ﬁlréb priority

whi ch the resources wt

weight SFRYVVP) \9é syﬁtfgstﬁsq statips is 3 hetion o) fefrﬁatdaﬁpw B'W keada. Inone

enffiddin&ft! e GRetfereRRE o FSddifceSRbeksARMt are %séddﬁtééWntﬁQeﬁb cost is
resource priority weight function to a widt
providgsbwithqsih 58SOUESELCANSHAPHEN tANE 9T ﬁex?rab'ageéfe&nsthaaﬁ s{atipns.

M&HBEvetCikir8 lﬁéb é&s@ %éifsafél flr§tBask istilioh l(WFérb9|Be§ tb §an& 8ketshd
proportiona relative | oad ratio between

inteffering lb%ﬁ?est%ttoé‘t(%ﬁ afvictien @03 SESRIE TREYE §'ﬂdak?%’L°adB wherein

LOISB@‘ G o sa‘cf‘@ec%ﬁé 'bQQé@ﬁho@fB)C PldferaBi Cihki festba8e dtatidn provides
riority weights (RPW to each base station is

entfesqNres pHeas tpﬁ'féer%umteﬁ?rma}?@ séqtopsor by a
d| stributed or centralized nmethod. Moreover, the
truncated resource priority weight (TRWP) of said

Béubtgjeév@ﬁ@ﬁbﬁtépwéomfmne@ on (f()) of said RPWand
LoadA. I n one

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,
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enbodi nent, the interference on resource bl ocks that
are associated with zero cost is provided wthout
wOonrees3swe consunption to one or several inter PETIAPY008/000193
base stations. Mreover, the gesource cost that said
first base station (A) provides to said second
i NifRtd i A Ffof chlBinEtin rieé vector
R Ry Dt S A g
acgerdingde tmiaventiva. st ation (B). Preferably, the first
base station provides different resource prices to
Fi%{é heNRatds¥cREMBlIEANY iftasRathaixtRdtpe DURVEEN BlRCRbIHs@dcording
THE DRAW NGS The invention is described with
to pae asrart ef thg intanfehed drawi ngs, in which: Figure 1
illustrates a schematic cellular comuni cati on network
Fighire B i$ B®IdtRdigytamfiof bfask @&Ridh eRchrdingho bak eenbodirgentf the
- shows schenmatically a network with base stations
INeslYM.ng two user equipnents,Figure 3 illustrates
schematically a graph used for cal cul ati ng resource
FigUire 89s Y@eh&hacliow diageanh dlusthatingrstepst of @methiod wceordiing to the
Il lustrates sghemati cally informati on exchange between
Present nVealqnoABd accor ding to one aspect of the
invention, Figure 5 is a block diagram of a base
Figirat7iioa saheraaiit gy tiagrame illestoatiigneters affa ¢dheulativnenethod according
¢ Eilgure q.isﬁﬁ schematic flow diagramillustrating
0 SEYESYH "Rt od according to the present invention,
and Figure 7 is a schematic flow diagramillustrating
steps of a calculation nethod according to the present
LV [ ED DESCRI PTI ON For the purpose of the
D%ﬁh'ﬁ%&n%%@?ﬁbtl on, sone of the key requirenents
for the solutions according to the present invention
: _ r
oM purpOf b VMBS B s EHE BY IR Badfanilhey oy the
sotution® astarding ta thegwesant gwentidn anef or nat i on based on own
nmeasur enent s,

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

management.

e 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.

¢ 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.
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UE neasurenent reports and information obtained from

ot her base stations. The necessary input froma
wooessw/ralolentity, such as an O&M system i s m niP@iraEPdo@nd0193

confined to a significantly I@nger tine scale than

that of the interference variation and managenent.

o T8 BRI 104 RS SARORE B HARRRBARBlRL SO RRFIORAo base

( ﬁtagonsaalchrtbstdbeyc earbinaké& sdneduham aedi ptheTrgsoufce %‘@@%tl%\de g.

t he nu

i ﬁﬁ%‘gf‘ n‘gﬁ? Pgwgi%f;b{aawé%ﬁcgﬁgglsgﬁ% Egﬁa‘?ﬁ‘kw (Lry LT QfBr instance, on a
i traesroissina titriengtensa basis)esucbibat ovatal systeoy eauabput iprearly)
base F%@tl ons need to exchange is possible to

cSRUPFESt on a low tine scal e, essentially on the

| evel of dynam c resource allocation that is on th
In thefellowing, ini IEHC rmeshqshis idescrikeddwngped o wemERUNicRtips of la,C'C related
mf&%’?a?l'ah hmee%' B8 dtdtioRs d@iﬁ%% h?ﬂé:) tob8S R &L PE BPSteRIKaking use of
oth user at a and I nt erence situation
ant(?:rlvﬂﬂ%ﬂ ipfoopaticnt exchanga pves the X2 inlerface, thenBveniop isaet iHted to
t
CTE B350 2507 B8 RAGRANBr BB s
are; umu Thiaughawidt will trerassemed (et exriugively) othqaeng! frepuensy givision
m@tﬁk&eﬁ%@F@l{né Qﬁ@{ﬂe%soéﬁfeh BRESptIoP e OFDAMTeSalilc¥ b(chs as the
TE,” instance, on a transmssion tine interval
babigsini of sumwortmnd\redlmresw@et%m t hroughput is (nearly)
optim zed. In the following, an ICIC nethod is

M&S?\FJ tjﬂgqlegé’rﬁog‘én ‘P&:LE»QQHH M adlinRNTIRY re'a%t@fdr@lﬁéih@d‘nat |t |s believed

rmati on between base stations.
thatdhe potantial Deins ot pa AT IcaRGheTIa e '%fﬂe%nfﬁf @)e WR?EE‘
HAWRL Y, 1 inetho@ié Ba4IR ppficabiditer e daWrdinkace, the
Inveidtion Is not Timted to LTE: it could applyto any
w%stem where ort hogonal or near-ort hog nal ct) .
eere cthe AGPR, tesm - overiagddndieator is Rgtjus gin theqrase GRet gRgsription.
Inﬁéﬁ el M&E@es@@ﬂ@%ﬂe%@@é@ﬂ ey ifhis&ds TRE information that is

I pl exin and the associ ated concept

rapPDHierbeoueaTenBIbaeR S1ENS Rdhp ABCIOSGR Ve ROTS ot feally Flated to

“o rroaegmahtheafa the %@ﬁ@ﬂﬂ&&ﬁ TH\%ls@ééech,.nfbhﬁatdﬁwmrﬁbm@med
ocuses on the uplink. The reason for tha 1[' éhat It
betweaidhe dasegl statlons can be easily translated to the overload indicator.

for the downllnk

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’
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
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.
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that the potential gains of an ICIC schene are | arger
for the uplink than for the downlink. However, the

wormignashons equal | y applicable for the downl i nlCT/EP2008/000193

Furthernore, the 3GPP term "oyerload indicator"” is not
used in the present description. Instead the nore
?ﬁ'ﬁér@t #r o tﬁﬁg@s LARA'YF REwMdbdhSintetferenes & reg—{}?rce tolerates without
or mat i on t Pstransmtte Betvveen
sufferind aualityl degradationdbatds élélblmf@eh*gherriav%’Snféjffeﬁeéta!elsyurces have
di erﬂtuﬁgoﬁ%ceo"l‘?ﬁ #Q?@on@ﬂes(ﬂ%@@ér& &mﬁé’!ﬁ%é&gm corlnﬁ'ﬁ‘ﬂlcatmg with
e pi eces of mat i on comuni cat et ween the
extasiop userst fapaway iamybe base piation, arhile Sthad resPWers Fedrimasly used for
cohi?mrﬁ@attleﬁ wut-mﬁtenméuM %Io@é% tH&base R ITR. ﬂ%%sm BRbatioh¥ when the

prevent hat an overl oad situation woul d occur

loq%lsm and HOé alhsgsonrqesafe 0eedadon aseel eitris)Pospibletoshoose to primarily
us@ rs@?'Heq@§oJrB@s m%r&&@%sn WHehs. Tihut | the 'ufff)r%éf%h'tﬁél #Rblirce used
. There I's nodest use of sending a message
('Q &C@ffﬂ%ﬁ %ﬁ'ﬂb%l?ﬁphﬁ nehseffigieat i on states that "you are
transmtting with high power on resource X' since the

THa®a8[kheey lsrlgatktﬁ§§a§é &Eh@rﬁh SHalleady &@&Wéebhbé’ or resource value on
Furthermore, if enel% ourin ase statjion tries

cagh eSsamEt iRt intisalap des ProvapY e dhes esoyroe il PRaised a8 wef as the

inteA&@h¥é Qéhéﬂﬂnt?\éﬁrtl'wé%%rtid&iﬂr‘?@éd@xfcét m ght SOO” get a
new overl oad i ndi cator for the new resource "Y'. As it

wi Il be descrjbed in detail, the ' tsQ/r 2"
If 3 bassRialiplbrechkes [(ROYEE Rice IWPw%onéf Wﬁ%@s f§69p make use
of HakiriférAtation Mihen(degidmy whatdasbures toTusk forltfghshiéeions in the own cell.
station gets into an "overload" problem The rationale
t hat based on this nf or
AspliEe R A DF S DA Sach Rl (< preoRaRas 4 (FSpais ey weigh
(RPRHPARARPW id asdigrizd toleheh résoame! (ean BEDVhsysten @ach Festurce

ol LS B e MRl AT L S5 3RH Gy some e

~ distsbutéd bbcentiaifedmgtied. | ayers, different resources have

20
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different inportance. Typically sone resources are
primarily used for comunicating with exterior users,
In tHy uplinR Yhe Tcost’ bheasmsitting taadigredn fromha UE i9tHecinterfesenteakis

waggBlonciayses e oheaHad Barepinrs. W get {p SPaLIRsEe! it
prmmeed e éaeaéNbaeB Qéts AMesdubie mide" Vetorthatis sfg"rene@&ﬁm
nelpBu L tNpdns P Bk et ian 16F R B Rl ot v i i

thik dbateRBdHOA bepdted. A murcéamass:aemnee éveniif it Bafot used BattRere is a

I s, not. suffi
“cos? Qsomated with transmlhmg 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
and 120b. The base stations communicate through X2 interface.
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The basic idea is that the base stations shall set a
"resource price" or "resource value" on each resource

wotees/1351odi cat es the probability that the resowcaaEPaidslo00193

be used as well as the interfgrence sensitivity on

that particular resource. If a base station receives

r I [ -
i TR VS 3280 b TelERheS Fbo%@&ﬁ‘eéaﬁgz@%‘?%%&%%"' eNoBES (eNE)
110esThusc the resourse s€hduler dincorporsterhia the cemteolignh3Q ef the eNB) is

. ASS o] ell is associated
or{GPi#BE 1Bl PR BBUCA REED | Rew s
a.assiupeddytie neighbourdwhicbds ysed with tEDNDR prabekiliBach
b resoal%%%sg%{h%q_%(?%fgoﬂgehg an OFDM resour ce bl ock)

I'n-a cel '

“ei the anning step or by sone other

Salcaiied irénouent oclcpriter et viaueds wendtiduted pha 8A% bupl i nk t he
"cost" of transmitting a signal froma UE is the
interference this transm ssion causes to nei ghbouri ntf:;

In rzesdoveriliak iedifis 1 10acapiseie interferemne: (inslicatad with b@@ged pennegtions) to the

" | cap
UE 305t EBROSE GIPHAR, SRS Tbe Koo ReR Sudget (e
marge) thatés pepomipralitade currert lgad. f er ence bet ween "cost "

and "price" in this context should be noted. A
T Lﬁ,sfﬂ\érb‘égic%f\cé’pt P EHCiRverfibRls tof mbimizZe B sysiéd thvslughput by

ere 1S a "cost” associated with transnmitting power,

mipimizing dhsomuitually Faygaddnterferanga te Aee ﬁmth@r\'n@fmt“ﬁ&e" environment.

- ; LG ) ement in the "Weights
Ttﬁ%é@@ﬁﬁ/ﬁ 'gt:%gh%méégggegtﬁit‘glo?%&ttfe price of a resource

bl ock depends on the probability that the resource
« bi Bk Liase stadian satsulatingvand epneuncing toiits neighlpgns the repouEpe block

I;Prk?%o%%tmrk 100 of figure 1, two base stations 110a

arid 1T are illustrated communi cating with UEs 120a

and 120b. The base stations comqunjcate through X2 = =
«i rEiashftase station shlculatiof theperst ehusigits QW FSOMESFEaNAdNIPFRIZING its

ned e %B&Qs@@ﬁ@c (55 b &)?'l%traﬁm? Bsdrs Nkt Bd 98rved ¥ S given rate).

the resource scheduler (incorporated in the controller .

13Mhisis achievedBy aj sshedyeneneasatian that gREStES RRAMECEPIBE K Ysage in

”’Jagh‘ﬁ%ﬁ that are: a. used by the nei ghbour (which is

used W th the high probability) b. are close to the

nei ghbour eNB. So called resource block price og vel ue
Thesbassratation mayjcenprsea grasessor 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.

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:
RPg A(r) is the price of resource r signalled from eNB 210b to eNB 210a.

RPc(r) is the price of resource r signalled from eNB 210c to eNB 210a.
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In the downlink eNB 110a causes interference
(indicated with hatched connections) to the UE 120b in

woth@/meioghbouri ng cell. Thus, eNB 120a has anPCT/EP2008/000193

interference "budget” (i.e. ngrgin) that is
proportional to its current |oad. Thus, the basic

Th‘éﬁﬂ&ﬁgﬁ o?fho%/nﬁeééq?éggﬁrjcg grlbis {t%e ﬂ?’Va’Ue%epe? A Burc516&Ms indicated

mnimzin cause
in Figues 2)ewestnre ateocatm&ataﬂm adressedbelaw. tHere.ét is assumed that they are

mEdVA BB R the iefreii &GBI Ve is reached relying on two
aspects: ach base station cal cul ati ng and announci ng

to its neighbours the resource bl ock prices, and Each
Thepbainsaf savaigs sapefashi aNp fenEesent fesgrrcadIonksi erapy quares

reﬁr@§&ﬁrr8§§1r@é}>%lm ﬁ\bﬂ]ﬁbﬂg (brto&d@&"l/lth‘?ﬁ@ priceb nefghBb@iig eNBs) and

e constral nt at users nust served at a given
hatc&vtad)squam&rs sepreset lﬁewswwo‘yaﬁ@am (emveﬁﬂﬁérvxith law thﬁﬁtto
\53{,% &ligs)r esource bl ock usage in each cell. The
ase stati on may conprise a processor for calculating
a resource block price, a transmtter for transmtting

Each&JE: apelis SaBdeasisrIpers kP 4 Rev9eNad8Br ocessor for
cal culating a cost of using its own resources and

M ni gE2108 régortsin =4, 3] g5 OBt eNBl2Z0a5Cchedul er
arrangenent governing a resource bl ock usage in each

cel | ure 2 sho three N 210b and 210c.
eNB 956&8%‘?‘%@ 95 [ 9ee: %eﬁtoﬂ{ﬁ% The eNB 210a
receives resource price (RP) information on each

resource fromthe disturbed eNBs 210b and 210c. The

NFEA DS AR R S S5 Bl O B3 e

anWay frodrdemorsypport abndover decisiose d)thRFiBede{u&meststneedétpfar

urce.r s d.from NB 10b
scpsting 16 SEAUPe-F RS ot PRBERde it 8 dF 2o et ngranne
qualit) indicateBr @ddharesti@ce biak e,m:«:zfm(now éNi2 2¢0a)esour ce
prices (the RP val ues per resource block as indicated

b b eNe € eCan Bl adERid At kgl BHR T°CE 2200 RPw()

anaWiE P20 (RRQ(rNMe: i nterfering eNB.

RPA1(r) = RPga(r) x gaig + RPca(r) x garc
RPa2(r) = RPga(r) x gazs + RPca(r) x gazc

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)
and Pax(r) to UE 220a and UE 220b, respectively, in eNB 210a can be calculated as:

Ca(n) = RPa1(r) x Pas(r) + RPaz(r) x Pax(r)

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

cost over all radio resources:
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The chain of squares under each eNB represent resource
bl ocks; enpty squares represent resources wth high

wopnisasswy (provided with high price to nei ghb®dTiE®Rg008/000193

eNBs) and hatched squares repjesent resources wth |ow

prlorlty (provided with | ow price to nei ghbouring

eNBs) . %L&g\(reports gain measuremsnts toits

servi ng éNo UE 2 10a reports gAl = [ A ,B, S A

I.C] to eNB 220a UE 2 1(b reports gA2 = [gA2. B, 9A2, (]
ThesigndBe @ B3auidet price ivettotharea ftlﬁctimas‘mm@lmdt Theaload measure may not

on@?d}%%h?%ﬁ%gﬂﬂ%@{ ﬁ gtthgrg ROh e §ut%?s§jﬁgth%q%%xaﬁ& of the traffic.

O su over eC|s 1O
In pesies to snmmmmﬁ Gistityfafsesided lis tynigaindediredde differgntiets between

G@é qu?a;}’énté &’B‘? ?%g)dtr%}ﬁé Sind %E%eét":eff%ﬁf’@%fr@ pﬁﬂé Sarfb& BERDEY

resource
asem;ma!lr(gra) prlqrrby wdlle zolmph datadlow; Tdds ther load) matN@ 210a (laada) may be

220a (RP Ai (0)
e@%%”s%ﬁ%éaﬁgﬁwbi%ﬁt%?QW.&E&M‘? 128 BB A ) (X af A
1,B+ RPC,AWS i.c RPA 2 ( = RPB, A(0 9A2. B + RPC. AW X
g.c Thuga@a%:ﬁfﬂ!mld?ridniaexemffememsdlmed egs@lidlewsrfi ce
vector that depends on the actual radio position the

Th%éﬂ%lrogg @?Hétﬂ)n Iﬁ gttu:ayarg BV\% Eﬁ\dgﬁééﬁioﬂgE ?nﬁ’ dbBg nbtnttaﬁé {8 8€count the

) ase stat’ion can no
bitgates f theedifférentfiays amskib does rat dajanly timeadwmls@veragufg But for the

puggb‘gﬁrof deQ&Hb r{bethg dasfc%rsgaiiCI%Elﬁv?nw&ﬁ I{%Q Bﬁl@gﬁ{t{g{% \géhose details out

andsazm tr:md vUEbea@\kell deéspémempeil of, caicnla@maz!qarhm@awrbéhat is

CAW = RPAI WX PAl W+ RPA 2( X PA2W
ap%ﬁéa%ﬁ?ﬁ%@régg%l of a power assignment (scheduling

deci sion) for eNB 210a is the sum of the cost over all
In cagh o lpwdend rere repources shgll beyaade gyrilablecpt i@ (RIyzeE0) price in

ne h'bS@nﬁ’ge&NQé:. STH &l Ieft%ﬂcotf Hénre%urEQ Brit@fbm eﬁ@ZH@é‘ﬂ) eNB 210b

asure may not only depend on how nmuch traffic there
shpyldibe kasedion; but al so on the inportance of the
traffic.

= Resource priority weights in eNB 210a: RPWx(r)

* The load measures Loads and Loadg (load for eNB 210b).

Figure 3 illustrates schematically a graph for use in a method for calculating the resource
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)
determines the resource price for another eNB 210b as a truncation and/or scaling of

RPWA,(r) to an area proportional to the ratio Loada/Loadg.

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.



10

15

20

25

30

In order to support QoS (quality of service) it is
typically desired to differentiate between GBR

wo(gesarzarieed bit rate) traffic and BE (best efecariPr0os/ 000193

traffic. This can be done by gssociating a priority
val ue for each data flow. Thus the load in eNB 210a

Nét%?rﬁ?’\%tp pit c?ﬁone&(fﬂﬁg RPA vé‘é‘toﬁs Wi%a‘ﬁ? rﬁaYtH@eér@@h%} e if some

owPriorit X
of thef feso@ice dlocks ganbe go«eerth%mncer reyqdorrall bpse SbaS'@vé The eNB may try

to gig%in%r{hé g Hl'lﬁ) fhit QFbs%\’JF‘JeS\MW'BE 'uf'\h&.fbt foPﬁT thg n%ar {erm future. If

e I nt account he rates of
thigi prokearbditit ssmedmosaémgshqld a@@sthe. @flcea@f tawo'trewn@lmsmeﬁources can be

se?Yoei gl |thlf gﬁ&cét%rn ddPa mHﬁjbﬁ%ﬁty%elQﬁé& fdag'rﬁ‘&astut’@may be used.

ose Invention 1t is’sufficient to eave
those details out and say that there will be a
Fardhe resguiiees thay wilf be given nanizaep %rlqe&af&?rﬁ@afwﬁée\ﬁlﬁaio q'féerent base

st&%g'n‘\‘é}meesétnA %SQ sfé%h will &oﬁ@é Covidr rééBNr&é’ér‘i’c&Qb @ base station
resour ces shal | made avail able at |ow (or zero)

wily higle Iaad than tyrmmerrrvgtf@mgr loathe cal cul ation of the
resource price fromeNB 210a to eNB 210b shoul d be

THAR 8L MR alB@v%‘aLHo%?m@NBUIZMé’ oMl IHay didd ENiniddBy a weighted load
RPWA( r The | oad neasures LoadA and LoadB (| oad for

MepWreWoe" Figure 3 illustrates schematically a graph
for use in a nethod for calculating the resource price
vector gecorLdyng ds@,the invention. The RPWvector is
truncated to a width proportional to the estimated
(non priority weighted) load in the cell. Then the

W'PQ?§@U$@§°BF?BbfaP§"'caI cul ated by scaling the TRPWto an
area proportional to the ratio of the (priority

THERIIRk SEhed MR GS a%fenﬁrﬁ'g?eﬁl 2408 gnlatﬁﬂtol inehize Ithen@tal Giténterence cost
respecti velm%shl is further

ro
symmeg, pyer Al aeEsIEst e B8 Qsé'ééfﬁ%‘ﬁep ﬁ'é?“t ﬁ%e
optiRfAY ESIBtIdH ﬂoQﬁlsfﬁi’éblé\rlﬁ th@resedbexdh0tiveseardh eue afl posslble

and/ or scaling to an arF rog rtional
ShRGUIPa RS PLORARE RO Hrel GBS Fst4ace BTiEG S oRgg S solutons
mb& fdseqi ently signalled by a few paraneters (e.g. fA,

Wdth, and Area) instead of 2-3 bits per resource

N%léagtﬁgl%\gtaq%y:q%gtdéq t(ﬂ.ﬁ@fg %Eé:o%hﬁggggqlg ‘%‘8[‘[’% gvgc\éggrgt%%tr% the channel

quality indication (CQI) information as well as the cost of assigning different resources to
different users. In order to achieve this each radio resource for UEx, may be weighted in

the scheduler as
WCQIai(r) = RPWA(r) + CQla1(r) — Pas(r) x RPas(n),

where RPW,(r) is the resource priority weight used in eNB 210a, CQla4(r) is the CQl
reported from UE 220a on resource r. By this the scheduler will avoid to assign resources
to UE,; that are expensive in UE,;. 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

interference in neighbouring sites.
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of the resource blocks can be given the price zero for
all base stations. The eNB may try to determ ne the

wopoadisbioii ty that a resource will be unused f ®@CTIEP2018®00193

near termfuture. If this profability is below a
threshold then the price of the correspondi ng
THetseREdSiRg cBébetéere§&§rcé % tﬁﬁé 91e drBd&dT'o?tHerr!éQ&ﬁEé BﬂceSttl%)power and

a non-pri Orlt fg measur e ITHE/ ”e used. For
WI

the resiG GBiE0FECHE a9t TURFYIN 3 IGTEtREnSYRINERT BHEPAE Gssigh resource

bigkib k&5 YE with high doRéebalytio different base stations may
e set. A basé station"w || provide | ower resource

prices to a base station with high [ oad than to
. aﬂ@?ﬂ@ has large wior distgner torsites WheratiVn WsPYwe s eRansiva.
eNB 210a, Cmax, A, may also be [imted by a weighted

o | ORd rGEARLE ﬁaé"@?d’ BB sﬁesmacléfse'-r@ala distadéeio’h8 UES a

const ant factor. Tﬁe uplink scheduler in a serving eNB

210a will try to mnimze the total interference cost
o sUihed@se station has aehigher 4pripriteweighteds loadian kaReiaPeurs

schedul i ng deci sion. The optinmum solution to this

In Eé&bihéfﬁ |§%0%fbé@,sséfédﬁ%hﬁ1é$tsbh&iu&%afn%ms@V§f a filk and assngns the
possi b edul i ng deci si ons rohi bjtive

%czmﬁsewth thederasst W%S'HSF' chamne) guality, indicafions @reacriﬁ@?f fts‘sn itis

mb&%’nt IR YIRS LIRS 85t geAEHtOPRthigHeBESHSt brdalRMW@arth IsBRct resources
shoul d take i nto account both the channel|

frstnFR.SAGH S ERy15 IVRIAREEHBTS RATLRS PoRE ITPCLGxeNigp users so tha

théparedehaduied béFeLaty hasPoleraimited (Mtdriof) @ts. Thelstheduler can sort
order to achieve this each radi o resource for Y
p&&\g,gam o the

theyusefa agFRrdgit thegecmatedartor (defingged. as the ratigy

sefidg Adil(dnd the Bomldftitde Faifts Rﬁalﬂlﬁte\‘fenng\feéll sB'ﬂWt%ébs Wwigh low
the resource prigrity wei used 1n eNB 210a, CQU (O

9%0@%%@3@3Ser'%bﬂ"eEPSPPEﬁ?F%ﬁtZZOa on resource r. By

RURAE SR TEAPIOTERER TR SIS 0 —

iny&hties 3h 81§ BLarAplBaké In@éﬁeﬁléd éﬁBQMOﬁ%efsCthd lréé‘o@uf@;ﬁndés Bﬂthlven
is typically differe Ass t he are differe
sufficign m@‘q{matlgtp éhedatqqferlng eNB 410b could also calculate the resource price.

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

consists of:
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
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 cellular radio system in which the scheduler in each cell controls
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| ocated on the edge of the serving cell. These two
users wll typically be interfering differently into

woth@/meioghbouri ng cells. The schedul er can bePpPomd®2008/000193
aware of this and it is discqugr aged to schedule UEs on
resource bl ocks that will cause "expensive" UL

a ée?{)%ﬂa%c? o }e@.oﬂl%h E'ti‘ﬂegr id r%§ogrt3§?]§|‘éh&qé‘éét Reaf&flogonal to

resource 1s t e pro e resource

eaph pther. Eheenptbmépomdsew@erséﬁnsmfdfvw%aﬁbe The cost
function is therefore such that it will tend to assign

o ! I
U g AN 6raind o1 pT QR B oBRAS 10 o et orlOBE to the
ripteoigrerkeells, expensi ve.  The resource has a | ow price
in sites in close radio distance to the UE. The base

o STRd %%’U E%Nq"o&bﬂlg%'bﬂo@ﬁ Eﬁéélﬁ&’re\é@urggbﬁgé Lél&@ |ﬁf5f’i‘ﬁ‘atioh~°rrom one
nei ghbou n case there is a greedy er that
soiheevaral) interéerad @NBs), a ti ne and assi gns the resources
with the | argest weighted channel quality indications

it A
gpEBEVnIERID Loiflinks b3l TRRAfRn T WSS e R Teddinte price
r@%f%@gch radie respdeeschedul er coul d gi ve a scheduling
bonus to povver l[imted (exterior) users so that they

o Mfe §&J{}¢ﬁe LERe %?ﬂé@ 684% U¥ePs weitel %ﬂaﬁhéib%ht?‘ir)dlcatlon

users can sort the usérs accord
t valug i ieech yadiaitaserrcedwrqantiinied He chanpelaualityi I@dléathnH@Ql
ifi

o dhriafiot AEaiBBle ol ot LilerPier MR (BHHEALL 1o ol OFiefUser specifc
geesourse peice and thalieguired transreit pewerder eaghgifes 4
|IIustrates schematical ly informati on exchange between

. %8[ q'uﬁ%s %% JSQPS Qi dighted 'dbltvgh.%s%mle%oyéescheduhng
|nter Oa se s the Tesource price, gi ven
sd#d$@ment information the interfering eNB 410b could
al so calculate the resource price. The required

AISY SR8} fakidgs RbrioP8rtbélg ece?ﬂs%%buﬂ@?es@ﬁ?’&rprfotﬁ%/ \Rf@lghts as well as

I nt erface IS depict ed consi st f: Resource pric

vagiels r@lsgur(ce mst@@}@@ﬁvles SRYRe @qm@g%ci ia¢p the usgr gmféfaf W%vsﬂted cal
valBBOTHiS chPbe ’éﬁﬁr%%é‘c?&a@.éurﬁ tg%b‘éﬂ's@&lir@"b? the Blffffe%%' 8&hponents) as
event triggered) the informati on exchange

can be desi gned and encoded in many different ways.
WCQIas(r) = RPWi(r) + CQIla1(r) — Pas(n) x RPay(N) + RRas(r; 1),

Where WCQIa1(r) is the weighted channel quality indicator for user A, on resource r,
RPW,(n is the resource priority weights for the serving cell A, CQlai(r) is the CQI values
for user Ay, Pas(r) is the power used by user A,, and RRa4(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
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, either in a

cell planning step or by some other distributed or centralized method.
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It is however not the purpose of this invention to
make clains on informati on exchange between the eNBs,
wolres/B3atomer to propose a sol ution that enabl epCtrhe2@iiBs0193
to use the information they gan obtain fromthe
nei ghbouring eNBs. To summarize, the invention
. aﬁ?é)f rg{ QIQB eﬁﬂ?at%s?@f{h 3h€snd tﬂe%ré'@étgﬁgr&?rterm future load
er-ce er erence In"a cel radi o
syuﬂenm(hoamm ch the scheduler in each cell controlsa
set of shared radi o resources, where the radio
. 1830y ﬁﬁ\g%&i :%aé@r@%ﬁfiﬁé‘kpw H%Wﬁ'de‘bfbe@%@ vmléh%f the
rrses the step 8ure 6):
sr@ﬁourngs emtlaﬂaloweﬁtsprmny yeioh sgta¢a~1\ nf@d %M@h@ﬁf%%ﬁ*o?hea&esoume
rgﬁg?)%ﬁ NB'R th %?@éltlﬁrBelg ba8ed Sn truﬂtﬁmﬁ%é’ F¥DurRBbriority

|ns SpeciTlI C resource price re

i wenchhfuncum tpmmdtm@rop@ritlosa!\t@ the lpad ﬁt@@ éy ang wqqiipg he area of the
Tn*é%ul‘ﬁﬁ%‘t’dd& oﬁl}saa G20b g%%nﬁQ%I {ohthe ré|5mna§a |'aﬁ’6 ueme@eus A and

user specific resource price value for each radio
reNBl-ce, The serving eNB cal cul ates 604 a user
speci fic weighted channel quality indication value for

+ S48 A oS AW REBNCEPRDE N9, (e channel qual ity

Ica ormation avail abl e for each glven
user wwth (at |east) the product of the user s

e theduneategirpequrem arierite welght Pt B Ariaadwadtiop duef PrfeofpiPwA(r) and

LoSéCh user, The schedul er uses the user specific
wel ght ed CQ val ues to make 605 a schedul i ng deci si on.
Al so other factors known in prior art, e.g. cell

TRAWENFT ERPVSGUrlaadn) i ori ty wei ghts as wel | as various

resource restriction rules my be conbined into the
ThuS SihtePRRFICE ioh rebd dbé B@cmhat/éﬂelh%%ocﬁtbu&nméﬂér@eost is provided “for

fre@oﬁaﬁﬁgge@?fgyr?gggﬁmqﬁgn gg ms Cﬂaggl(ée_r: of a% thee [% fA)eprrgggtgﬁ 6; the
intarfENRY ENB B is tﬁﬂ?ﬁérﬁ)tmhc%@g()sof&ﬁtﬂmemm afd cbadedads:

qual ity indicator for user Al on resource r, RPWA(O

is the re rc prl vvelghtsfor t he serwng cel |
RE&;B(’@:QQ(T@WWT@ es for user Al, PA 1(0 is the
power used by user Al and RRAi (r, 0 denotes ot her

Thissean<hat 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.

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
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:
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usage restriction rules applicable for user Al at tine
t. In the above equation the conponents that are novel
WOi2p08(135®1i nventi on are underlined. Accordi ng POTiER2008/000193

i nvention the nethod of cal culsating the resource price
that is provided by the eNB A to another interfering

oNB . _ . : s

b T LA R pece U bR Dol mbo B Kom 850 ser
eaclequinBientia theinterieradcell$, pl anni ng step or by sone

ot her distributed or centralized nethod. The first eNB

est e - - q_ L ion f
e HRITH P TreA Rt P SREP Bick e afirompaton rom ane
t he or seckraigatederedrasetsitiorRPW t he eNB A deci des 703
whi ch of the resources with the [owest priority

wei ght S _ ' i . . I -
o8| ol BTG o STV IR e speci
t r umesaureggpridecvalussforneaeh diceseyrceei ght function to a

wi dth proportional to the | oad of eNB A and scaling

t he £ .t i : i
5 g SR AL | 0y L e et Geiogq crpe
and quniBy Bidicading valupfoneatbgadiogesqusce, @9dur ce pri ce.
|.e. the truncated resource priority weight of eNB A
i i ). Of . T _
£ BRSSOk e e L8 e Ol vaes
bl ocks that are associated with zero cost is provided
n r r " ' | H i i " . .
ik 1582 fiofl P B RSP SBIRHLBRnartifo s nctons
weillknewh éori angkilledppepsorsbutnehillastsate@ hefeunct i on g() of the

TRPWA(r) and LoadA/ LoadB: RPA B = g( TRPWA(Tr),

LoadA/ Load B) . This neans that the eNB may provide
It shiotufdereamnted thad thecwondr*cemprising dloes eotexclude: the pegsenge of other

Thi s | . owl, . )

e R P
exduge thetpresehcarnf agplurality oé such elrmestst lahowld figther hg neted that any
ref%a%cégg#?lgﬁ'sﬂg? h@[{w 8ldp2br He L1y, tHAY ¥ ih&htibA%nay be at least in

cul
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.
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result in the resource price vector can be perforned
in either the disturbed or the disturbing base
wOo0e/136191 Not al so that in 3GPP the term " ovePCaawp2008/000193
indicator” is currently used4go indicate sone kind of
information related to inter-cell interference contro
Ré?ﬁ hedet ween eNBs over the X2 interface. There are no
ec

sions taken yet in 3GPP on what the "overl oad
[1]i n#GER §|fa'nd§m!§| Contgibutian, IR -07R458s O tatercsH Ingrigrengg Goordination

Scﬂgm%eg @vutﬁgﬁ‘@v ddihalgat‘id?\”t BrfcssBY KBdeODa Mé Wpipizat ed

I gur conprises: a portion 13 fo rece|V|ng
[2]pat3|a:‘vF9ﬁ'S¥brm§ﬂf§u@§lﬁﬁH&t%{zf RO B57Y e@UTRﬁeUES\ﬂéasurement Reporting”,
equi pnent to the interfered cells, a portion 14 fo
Erncem @riagde.VPAsheei200€. resource price rel ated
i nformation frpm“one or several interfered bags ]
[Blst &-i bingnd Hn Ljss oQouslinkg Radiay Rpseurae MWQS‘P”CWH'? 17§l OFDMA
SyE{%‘?n' E?@E nﬁ%hﬁébt/b% SnAHeRSss SO atieiOWdte5PNoCa2, December
value for each radio resource, a calculatlng
209$r angement 12 for cal culating a user specific

ght ed channel quali té i ndi cation val u& for C'Q .
[4]r aeﬁ oAbraedq, rAeAlessle. FreRAl #8d 1My Mﬂr%\y, d ﬁ@tralﬁgd adio Resource

A|I§E£%U|@F \@blfleAhGCélfiﬁr sPREerhsc WeEBht/AkriddondR| GBBference on
d earl| the base station conprises other functional

C@P@H@ﬁ@@”ﬁd&ccﬁ%ﬂl@'ﬂﬁng soetianrd 2Hs vveII known for a

skill ed person hut not illustrated It sho
ST 3EFR IANAEs WasiButiai R 75014 qoNeY (Eorweset PR (b overioad
IndMERSERF ¢ TEF, 'Pél@éb’m @t'aﬁéTBEﬁcfss@rﬁ ﬁlb@t@ﬁLtﬁd@hﬂ ofege, Quaitesim Europe,
and the words " r ecedi ng an el enent do not

Te&f%’l"@ﬁjé/qdﬁ@“ﬁrgggnﬁlévwb%’ Qdrality of such el enents.
It should further be noted that any reference signs do
not limt the scope of the clains, that the invention
may be at least in part inplenented by neans of both
har dware and software, and that several "nmeans" or
"units" may be represented by the sane item of
har dware. The above nenti oned and descri bed
enbodi ments are only given as exanpl es and



should not be limting to the present invention. O her

sol utions, uses, objectives, and functions within the
woo@pssoi the invention as clainmed in the bel ®&1T/EP2008/000193

descri bed patent clains should be apparent for the

person skilled in the art. References [1] 3GPP

. s Contribution, R1-072456, "On Intercell

Aq@@ﬁg@egence Coordi nati on Schenmes wi t hout/wi th Load

I ndi cation”, Ericsson, Kobe, Japan, May 2007. [2] 3GPP
EXsENndar d<Erdanted Data Bates RY-GFAEAD|utivolE- UTRA UE

icigasur eﬂﬁmfer-eslpmiérféa&\oe deordissten, Ol ando, USA, June
07. [3] iu, "Downlink Radi o Resource

5 LTR' | ocati dR"S" Berrml\ﬁ.ﬁoﬁit'OEel | OFDVA Systent, |EEE
OITr ansact i egoashingjgataress Conmuni cati ons, Vol . 5, No.
OHRM DeCel‘(bﬂlﬁog%h@ﬁfreddéhcﬁdwi@ih"rahdmpleﬁngAI essio, P.

R,J_,'Jettl andreg/éurk@gﬁg\m O";‘Cent ralized Radi 0 Resource

Al | ocati on | 1 ul ar Systens", |EEE
RAWt er nat i l6BRUTCERFPHY &&t on Communi cat i ons (1 CC ' 07),
10 UEJ asgow, (Sswteqaipthe2®07. [5] 3GPP St andar ds
Contribution, R 1-07501 4 , "Way Forward on UL
| CI T Overload Indicator for LTE'", Telecomltalia,
Eri csson, Al catel-Lucent, Orange, Qual comm Europe,
Tel ef oni ca, Vodaf one, KPNLNovenber 2007. Abbrevi ations
EDCGE Enhanced Data Rates for GSM Evolution I1CC
15 inter-cell interference coordination LTE |ong-term
evol ution A overload indicator OFDM Ot hogonal
frequency-division nmultiplexing RP resource price RPW
resource priority weight UE User equi pnent CLAIMS 1. An
infrastructure arrangenent (10) for use in a
comuni cati ons network, in which a



schedul er in each cell of said network controls a set
of shared radi o resources, said radio resources being

woabod/sasi near orthogonal to each other, saidPCT/EP2008/000193

arrangenment conprising: a pofjgion (13) configured for
receiving path gain neasurements fromat |east one
user equipnent to an interfered cell, a portion (14)

CLAIMS gured for receiving cell information related to a

speci fic resource value fromone or several interfered
base stations, a processing arrangenent ( 1 1) for

1. Q\?hrfmﬁtﬂ&gt@@bﬁahdgn%ﬂ’é’fm‘?& h9LiR afaAFRINiISRRAL netvork, in which a

resource value for each’'radi o resource, a cal cul atin

schedulerde gash celhofjsaicnetwarkceaniolsyse of, shared pedip fegources, gald radio

5 re¥Riredy t%i'né%@é‘ﬁ'neﬁﬂéﬂth&g\bnbﬂ@'éé@ﬁ lofHer Vetid! 8rrhden®dt Bomprising:

10

15

20

25

radi o resource, means (15) for providing sald

schedul er with user specific wei ght ed Channel Qualit ty

| ndigcRarien (1Depniigurembior receivingpat .gawgeﬁ%ﬁweraﬁmafm@ least one
V\Iherd%bpeﬁ@}b,ﬁeﬁﬁe%(ﬁqht@ﬁe}e% daovi ded to use the user

speci fic weighted CQ values to nake a schedul ing

deci sion. 3. The arrangenment of claim 1, wherein said

cal AP AI4) sAPTausRLToE mAsiinger!ldniommatien rejatsrite ¢ specific
| ndirggdiiredvaItE¥rbn SHeOS Bl ERNintetRiréRBhge dtafiorRach gi ven
user with at |east a product of a user specific

resource price and the required transmt power for

efcld Rregessing awemn&ﬁ@éﬁgrﬂomnu&g aquq]lrgorng%‘olqgnto a user specific
ar r 3Bgiicevalde fateucR tadidfeobifcl i on. 5. A nethod in a

base station ( 1 10a, 110b, 210a, 210b, 210c, 410a

410b) for managing inter-cell interference in
comiRleHatingATangems k(12 famsalceiating 8 @ehmrf@rwwht@%ehannel
cel lquatityGhuicidhhvalu 8r 8£dh rabioTBssree,r adi o resour ces,

said radio resour ces bel ng at | east near orthogonal to
each ot her a a i zedby the steps

of . MeAsdilf) fﬁg p(oermr)g <Akl ache@ﬁfeéwht%ﬁgsmfw vg%igwed Channel
MeaiififERbRato? b @l)Valgs( 602) data representing a cell
specific resource price fromone or several interfered
base stations, conbining (603) said. information into

2. he gEAnggrBentiaf claim doWherein,?aid schedUlRs is Brovidgg o use the user specific

weighted CQI values to make a scheduling decision.

3. The arrangement of claim 1, wherein said calculation comprises combining a channel
quality indication (CQI) information available for each given user with at least a product of
a user specific resource price and the required transmit power for each user.

4. The arrangement of claim 3, being arranged as a serving base station.

5. 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:

obtaining (601) data representing path gain measurements,
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radi o resource, calculating (604) a user specific
wei ght ed channel quality indication value for each

wona@/isrnesour ce by conbi ni ng a channel qual it YCT/EP2008/000193

indication (CQ) information gyvail able for each given
user with at |least a product of said user specific
. b & irspd F mJe R¥8ont BRe or several
ﬁt% usesg a?ﬁﬁre&é}ﬁm? 605 sg) glc; ul i ng&de0|03| on
mf%bé%ﬁ%tat@@r speci fic wei ght ed CQ val ues. 6.
The nmethod of claimb5, wherein said path gain
o TEGMb | aid f RS h uSBEspERRE Yefue f h
i nt er'?l %53363) %lé nwif?{lé net #od o#%cl arltl%rﬁd}éwﬁgret ere or eac
c tadin fespugeconbi ni ng cel | specific resource priority
wei ghts and resource restriction rules into the user

. SE&%{}IH !4953@%' . lfMSJe@ed @han-ﬁgﬁngmﬁﬁglcgﬁorﬁbéiuénor each

V\&gm? eiﬁg:dr)cefb?/lmuwmmqng a chapne! gyal)ty I.ndFEIA?Ig_IQe )(( asslr%gqut(qn)avallable
ré’écﬂ- Given Qser‘"@ﬁﬁ 81 Igamrﬁdd&ro} shig ubBesprrif@hEsSlirce price and the

annel “qual ity indi cator a user Al on resource r,
RF’WNl(f?‘)’ t@QSWEQOW@Sf@UPé%h kﬁqfo?ﬂcty wei ghts for the
serving cell AL CQA 1(r) is the CQ values for user

. Aﬂnakﬁﬁ (60%)a LcheBuRfY §dcidiGtehaddy dhsdid &Qer s%@@iflgﬁélggﬂ(éd €aQl values.

denot €s resource usage restri ction rules app I Ca

for said user Al at tinme.t . 9. A nmethod to calculate
6. The mmathed ofglaim $./erein sgpoqﬁtlagamweaéumm%t ig,f{ern at least one user

eqiiipttdrR b infirfdréd deigecond interfering base station (B),
the nethod conprising the steps of: aSSI gnl ng ceI I

é_%c:lflcresource r|or|ty V\BI H&’ L.
dethoa GETAHLE TWhe ormelistio CAmTTD oR LaRec E4STayep priory
wéi Ats ahd PesduksE@Biriction RASEAtotAe AiséfspRUdifie vdi ead valaes

RPW deciding which of the resources with ovvest

o. e i, SEdm 7 oo sehivedhas TG Kl sdey 5

resource prlorlty wei ght function to a width

Pr OpACQIQIRE RPNV PeQIQ(n saﬂAqr)fxl RBL(HaRRStrad] on (A)
and scaling an area of a resulting function to a value

proportion 0 rel ati %.J ad rati et.ween_ sai

P P SressRC ey bin'nieiabied dBRR G ARyARIEEE 67 3 Rer A, on
resource r, RPWA(r) is the resource priority weights for the serving cell A, CQla1(r)
is the CQI values for user A4, Pas(r) is a power used by user A, and RRa:(r,)
denotes resource usage restriction rules applicable for said user A, at time ¢.

9. A method to calculate resource value that is provided by a first base station (A) to a
second interfering base station (B), the method comprising the steps of:

e assigning cell specific resource priority weights (RPW) to each eNodeB,
e estimating a current and an predicted load situation (Load,),

e based on a measured load and said RPW, deciding which of the resources with
lowest priority weights said first base station can provide with zero cost, and



5 10. The nethod of claim9, wherein said assi gnnment

of cell specific resource priority weights (RPW to
woea@3brse station is executed either in a celPCT/EP2008/000193

pl anning step or by a distri ed or centralized

met hod. 11. The method of claim9, wherein said

+ | R0 B aled 3 ety (BNl
memrtuonel toa Io.’m of said ficed bese statiomi{A) Bndwsicaling an area of a resulting
ﬂ{rﬁ{l&?{ QS&U? %rJSo%f‘t%WaFge A fela e?é‘tki c%ﬂ@'tatlé‘ﬁgtmfé%ﬁ%%ﬁoaﬁrgpbase station

resource
c and saidtseoond basmsiahrm several interfering base
stations. 13. The nmethod of claim 12, wherein said

5 1d %\8 lr‘r{daq f&’fsélalmtwrﬁa%lﬂ shid acsts@ﬁ%%t 3itc§gll s?)@c&@‘}esourcg priority

0 sal d’'second I nterfering base station
w¢lshta (REWOttd eack gas(e) gtalidn isgxgcuregPeithesinia sl plaadmmwg by a

’%d of said second base station
dl%@%tgqgrké?ﬁpa" ccording to any of clainms 9 to

13, wherein sai d f| rst base station provides different
11. dbemeatothef daim 9. ovheirein saiskruncatesiresqurey PERIE, weight (TRWP) of

sard frst B4R stdton |§atf9§&|oﬁt(ﬂf)'o‘?@auﬁ‘ﬁPW%‘ﬁd'L‘%aaA mul ti-cell

envi ronment, char acterised by a processing neans for
cal cul ating resource block price, a transmtter

10 13 ThngrAthed RrlaiEn 1. aHerein AIEFErO0Cq @i BFPLISEIRRAR tGajars associated

witH£brBR88Ss bRIvided! ithoat ié%%l%é&@ﬁ&Wﬁ;Stldﬁ&b Reior %e@’ﬂal interfering base
resources and mnimzing its owm total cost and

stalignédul er arrangenent governing a resource bl ock usage
in each cell.

13. The method of claim 12, wherein said resource cost that said first base station (A)
provides to said second interfering base station (B) is a function (g()) of said TRPW, and
15 Loadp/Loadg, wherein Load B is load of said second base station (B).

14. The method according to any of claims 9 to 13, wherein said first base station

provides different resource prices to different interfering base stations.

15. A base station for use in a multi-cell environment, characterised by a processing

means for calculating a resource block price, a transmitter for transmitting said calculated
20 resource block cost and means 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.



