DETERM NI NG LOAD MEASURE FOR NETWORK ELEMENT USI NG A WEI GHTED METHOD

Priority and Cross-reference to Rel ated Application Thi s
application clains priority fromU. S. Patent Application Serial No.
560/ 927,967, filed on May 7, 2007. Technical Field This i nvention

general | y ﬂﬂ"éﬁ%@lmbl&b%msmﬁ FQRHYETWORK ELEMENHSING: i ons, and

more specifically to determanvegRTEPARIETSA3Dr € for a network 10 el ement
(e.g., for Node B in downlink or uplink). Background Art In a new concept
for a long termevolution (LTE) of 3GPP (3s Ceneration Partnership
Project), the assunption is to use extensive frequency donain packet 15
scheduling (FDPS) to achieve a h| gh spectral efficiency. As the LTE of 3GPP
i s target ednatitylzad Relg gpiigatowi di ng handovers between the

di fferent evol ved- Nc eNBS) . . € know edge of the
traffic situati lsﬁ?pqltcﬁtéon cia'%lﬁ %?ﬂt? g e E ﬁ%lglﬁgﬁpﬁi;@ﬁ%@ge Nopt| m zation. As
there i s neooenbéRlfilehiNgy 1,200Me network which will nonitor the |oad
situation for each eNB, exchanging the 20 | oad information between the

di fferent nei ghbouring eNBs is needed. In relation to the neasurenent
of the Ioactej;mucmgjemen cell, it is desirable to have a neasurenment, which
will provide infornmation to the other eNBs,. which is . useful for controlllng

the resul ting p&RsHRRERNEesTalielates fouepmmusiFations, e.&. Wik ons/ entiti es,

whi ch can %@ﬁnhhic%&ﬁ%d%Iorérﬁya&ﬂ&ﬁwaaﬁeteﬁmningall@%ndaaué foRb ek 25! i mi t ed
to): Load based handover, such that a _highly | oaded cell can potentially
hand oflf tﬁk@ﬁfeﬂbﬂe@E@I’thﬁElééjé’w}’b‘g%dlpﬁélf)ghbour| ng eNB; For deciding at
which cell/carrier a UE (user equipnent) should canp, Network perfornmance
monitoring and optimization. 30ln order to have effective utilization of

t hese nmeasBeskgrogd Attt s useful to know the current state of the cell

| oad, which wil Mﬁé«%&:{@ﬁ/%&% 185PAh e@Jluﬁdﬁf(E*Tﬁ%fﬁPPt(B‘ahfehé}aﬁdﬁat can be

used/ unused. Tradit]ona these types of |oad neasurenents are
Partnership Project), the assumption is to use extensive frequency domain packet

15  scheduling (FDPS) to achieve a high spectral efficiency. As the LTE of 3GPP is

targeted at being a cellular system providing handovers between the different

evolved-Node Bs (eNBs), each of these eNBs needs knowledge of the traffic situation

at the neighbouring eNBs for the network optimization. As there is no central entity

in the network which will monitor the load situation for each eNB, exchanging the
20 load information between the different neighbouring eNBs is needed.

In relation to the measurement of the load in a given cell, it is desirable to

‘have a measurement, which will provide information to the other eNBs, which is

useful for contrelling the resulting performance of the network. The

functions/entities, which can use this type of measurement may include (but are not
25  limited to):

. Load based handover, such that a highly loaded cell can potentially hand off

traffic/UEs to a less loaded neighbouring eNB;

. For deciding at which cell/carrier a UE (user equipment) should camp;
. Network performance monitoring and optimization.
30 In order to have effective utilization of these measurements, 1t is useful to

know the current state of the cell load, which will describe the amount of information

traffic that can be used/unused. Traditionally these types of load measurements are
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performed using, for exanple, a total received power by a network el enent
(e.g., a Node B) or in case of frequency division nmultiplexing (FDM a
nunber of occupied frequency designated channels, etc. 5 Disclosure of the
| nventi on According to a first aspect of the invention, a nethod,
conprises: providing information traffic by a network el enent using all or
sel ected bl ocks of a plurality of physical resource blocks available in the
network el enent; and determ ning a | oad neasure of the information traffic
in a pr edepaefomiwrbwkixtg’,fmekmlﬂt \aabtauwmdamwerlpr@mwedﬂﬁm@dt (glggerithm by

wei ghi ng n r.of th aII or,.sel ect ing ratio of
n nonber oNot g if st PEr eSO BhEISL S B ri R SRR of ¢ e

i nf or mat i ofteduendyf desigidtel chahlisabticnunber of dlgltal bItS both used for al
user equi pnments participating in the information traffic, or by sunmng a
nunber of one or nore blocks of the all or selected bl ocks used by each

user egsli ppRrblosed Ofﬂﬂ@I@bﬁtldﬁsel’ 15 equi pnents participating in the
information traffic weighed with correspondl n%hratl os . of a nunber of

digital bits ustgoptgtordistappreciidisisrationd neihef FAPPERS: 2FY'S ot al  user
nunber of Qirghlabn t!i’dfﬁé bp%&weﬁ@éierﬁaﬁ uglﬁgalﬁﬁ%@lee@@moeﬁwmmh ty of
0

According further to first aspect he invention, the network el enent
may be a Nosics re»que@énckﬁa‘fadablwnrtbq: pEw ORI @ad feptinippElngher accor di ng

to the fi rﬁlteseco exﬂfontnﬁﬁ)g tfﬁﬁ?ﬂﬁi %e{elﬁﬁmgé BRCHRLVLNGH LI e i nterval may

be one m | er according to the first aspect of

t he i n¥@nt predsternivesd; atgonithrattiyoreighing 4 humbenpf the 2t ar sebagied ibleicks with

Accordi ng t i nformation
25 traffi CX&}GSE’%@ r{éﬁ&tb (?ﬁ r{}%bg# 5@@%?{? CLES?(?%HI% b (%%%le? {ne& QL{ﬁ'gm% gnf irst
aspect of bﬁ&emﬂ@mmhomnmﬁbhmim&mﬂodmhmyﬁdQM@MmEéompﬁgbbdﬂhgwthe | oad
measure to_nei ourin net wo eIe n h to the
first aspeg? %@mﬁ Y nn |one“% &5t &jgﬁﬁﬁgﬁ & :@mhmiﬁ%% ggnprlse at
| east one ewrablbckobf thg taliroami@ead bibdekes nsetl by bmmsexse,qulpadnmffﬂ@: allasaur ce contr ol
messag and .nmedi um access.c rot oc ata units

Accor dﬁ?‘ng PUPPTREES RYTTRAPR i he u}f?%a{m%gafgg We%??‘ ?‘ﬁ'gg COVERIGEIR 2% h of the
physi cal r efSouumaierbf digks bltaysed(omyrfbsthe pmalelceted orivdinmtiousndsubtabaser | er s of

or t hogonal sj on Xi Ng._acces Accordi ng yet
further stPPPE% ??ﬁéﬁﬁ?§§? a8 8f SFmgﬂgeiﬁ3?HFPOn the | oad neasure 5 nay
be in a range bﬁtmﬁﬂg ﬁﬁ:ther tanigk firteaspdcuofthe Wemfonptmysétwafk dlasaumag bl ocks

avai l abl e % &g) g %b& WF According to a second aspect of the
i nvention, &% ﬁﬁ 8P LSRR Pses: a conputer readabl e
st or ageost r uct urg iR G BpecPH B ARERDEEhe predetermined time

interval may be one millisecond.

Still further according to the first aspect of the invention, the information
traffic may be in downlink.

According yet further to the first aspect of the invention, the information

25  traffic may be in uplink.

Still yet further according to the first aspect of the invention, the method may
comprise: providing the load measure to neighbouring network elements.

According still further to the first aspect of the invention, the substantial
information may comprise at least one or all of: guaranteed bit rate bearers, radio

30  resource control messages and medium access control MAC-c protocol data units.



thereon for execution by a conputer processor with the conputer program
code, 10 wherein the conputer program code conprises instructions for
perform ng the first aspect of the invention, indicated as being perforned
by any conponent or a conbi nation of conponents of a network el enent.
According to a third aspect of the invention, a network el enent, conprises:
transmtters and receivers, configured to provide information traffic using
all or 15sel ected blocks of a plurality of physical resource bl ocks

avai l abl e i n t Hecordingduithee bidhtribg fimtaspert POt inyerttanneash afthaplivsicel confi gur ed

to determ ne a lLoad neasure.of the infor I . 1€ 1 redeterm ned
time int erf\‘?%ﬂ““i?%’?‘ﬁgs Q%?%I&%?Sgr“ﬁ?lﬁ%%ongfnbogrs i ﬁ]%@mibrégfm%ﬂ&h%ﬁ%ﬂ%ﬁ%ﬁlﬁﬁ er of the
all or sel &cisied nhiltptdgmanictdss.correspondi ng rati o of a nunber of digital bits

used only for pre-selectgd informti.on of t 20 information traffic and a
otal ‘muber ofAGPgmeart ribe T B den spet e neaRo R R bl
parti cigpatinadgod i atrﬁ%eibQMEﬂEérb@ﬁHﬂlégfuﬁli@y ofphykiyal s¢soufce blosksrumitle of one or

nore bl ocks of the all or selected bl ocks used by each user equi prment of
the al | us@rtberfivpkelstsnarticipating in the information traffic wei ghed

Wi th correspondifgrdiiith @Se@hd speti iR eic iRfenfib)ialcainpiet sropte@dramty for the
pre-selected information and a total user 25 nunber of digital bits both

used for témnpieh? geapPuiEgerdiisstorage structrgeppdying COMPUteR BIOBREYSHRi ng to the
first aspegt .0f ¢f-RQ ch[i]éﬁergld S uié??)_rd%@gsWﬂﬁl Bk esRMlter FRYerdE cddode B
fi ess conmu npl ca h

configured for wre ions. “Further according to the
third #@pewheregin thepomiputze progmm cadh gorpprsge ineiwrtiordfor performinedhs/ &8t may be one
~mllisecon Ll ur t j IR Lhnashest, of the
i nvention, &Pﬁée%?)ﬁ S#Ar}’gw%lh %ch gﬁggﬁg%)g%%ﬁfl%}%oﬁ I nk. ‘ Accordi ng yet
further tocdrhgndtion oficagmeetts of a ndteotklossni. on, the information traffic may

be 0 upl k. AGeor 8 Shid Lot i kBE LA AR Gonply e | nvent fon

]
t he network el enen er conprisé: a Ioa& tra_nslrjrn‘?ttl ng nodul e
conf i gur ediruontitanand receivees, todguid tepsude itfonmepy bbiousing alhet wor k el enent s.

LT 489 K bl b P g g g on, the
rat e bear eclementaslida Ibsbdetdradnicombdidé, coefisiagids deaoninediaadmgetess cont r ol
VA DI Ot G0k o2 A i 5, o SECOEALAG EL LS BALL phobifaddi d aspect of
algorithm: by weighing a number of the all or selected blocks with corresponding
ratio of a number of digital bits used only for pre-selected information of the
20  information traffic and a total number of digital bits both used for all user equipments
participating in the information traffic, or by summing a number of one or more
blocks of the all or selected blocks used by each user equipment of the all user
equipments participating in the information traffic weighed with corresponding ratios
of a number of digital bits used only for the pre-selected information and a total user
25  number of digital bits both used for the each user equipment.
Still yet further according to the first aspect of the invention, the network
element may be a Node B configured for wireless communications.
Further according to the third aspect of the invention, the predetermined time
interval may be one millisecond.

30 Still further according to the third aspect of the invention, theinformation

traffic may be in downlink.



10 resource bl ocks may conprise twelve continuous sub-carriers of

ort hogonal frequency division nultiplexing access. Yet still further
according to the third aspect of the invention, the |oad nmeasure nay be in
a range between zero and the plurality of physical resource bl ocks
available in the network elenment. 15Still yet further according to the
third aspect of the invention, an integrated circuit may conprise the |oad
determ ning nodule and the transmtter and receivers. Brief Description of
t he Drawi ngs Accordmg}Iébﬁlrl&elbeﬂheéhlrdlmemgfﬁ!nmmgﬁm thetiforaatiogne and obj ect s
of the pr ﬁaefﬁ ntlg 20 reference is nade to the follow ng detailed
descriptio SKE unction with the follow ng drawi ngs, in which:
Figure 1 is a bA@ﬁiﬁncgﬁgrfamhe@ioﬁe ﬂﬂﬂd\mﬁdctﬁ]tb&mvﬂnn@e,ﬂgegetwamﬁd@MeBQ for
determnin cal cul atin a. L oad su ordi.n 0 .,an enbodi nent
of the pr eg'éig“%ﬁ’ifé’mﬁné?la %aﬁl&%%rﬁ%rgoag?q égdfr?‘g%%caﬂ%{?ﬁ 't g?*raﬁinst rating
determ i n@e@u{&agelmﬁﬂﬁgné@bﬂa@m@gﬂmrk el enent (e.g., Node B), according
to an enbodi ment of _the present ve rrying.Qut the

| nvention CCO"de%gWhﬁ’é%thﬂt @H?Ctg/g‘gal“%ﬁéo“ éﬁf"’s re product
are presenfgenf0bn By Qﬁﬁﬁs%{l&emoﬁ@oﬁuofCgahxﬁmleamm&he b@aﬂe@aﬁdi&easure by a
network el enent (e.g., evolved- B, eNB, or a Node B in general, a

Gat eway or respifcRoREP! Message? @@P%ﬁ@%%sﬁcﬁpﬁ%‘%%%rﬂ@cqlﬁf“@ﬁl ion traffic
i n conmmuni cati o a& M@ﬁmer(sﬁu% the Wif s §oftﬁ9m&iﬂioﬁaéab198ft§¥§ﬁ}%ﬁ§])
According to enbo of the present invention, this |oad neasure can
represdft tdseuranilacks ny campiisedielyt ety eussHbEaTiers of axthogonsl FisAuaaey wor k

el ement can. ear rr}{m?&gmh%a& {el ative measure, which would take into account
the total anoun resources available in the system (e.g., depending on
the system5 baﬁdwnﬂtfh)heammdmgtamlmjhlrd abeqt @6 tha iventianh te lepdendagwe f or
canyi ng onl i.aporta met hod
descri bed R&re be rlrrpa rangenbetw?en 2610 %§ %(f E?’llﬁra]tltgrl ﬁBl{}JSﬁa]fr?S;dﬁ%ggfo lé%e‘m[;ﬂ}tg‘gsjent

i nvention hthelnaadrlméaﬁm.e can be defined for a cell with a certain system

bandw dt.h or in tign c M nunber of

si nul t aneousl y é@%g‘%ﬁf‘ﬁ’ﬁr% ?gﬂ\lrMeHs]our bfrﬁg 1ﬁv’%&t80n H@)ﬁgﬁr transm ssi on
(for downl icirbuitihayuguimpnikd theAmdailateanamghmocmmng tlwtttaesrsl,ﬁetdfnd rgeBesan be
defined as a set of 12 continuous sub-carriers (using an orthogonal

Brief Description of the Drawings

For a better understanding of the nature and objects of the present invention,
20 reference is made to the following detailed description taken in conjunction with the
following drawings, in which:

Figure 1 is a block diagram of a network element (e.g., a Node B) for
determining (e.g., calculating) a load measure, according to an embodiment of the
present invention; and

25 Figure 2 is a flow chart demonstrating determining a load measure for a

network element {e.g., Node B), according to an embodiment of the present mvention.

Modes for Carrving Out the Invention

A new method, system, apparatus and software product are presented for
30  determining (e.g., calculating) a load measure by a network element (e.g., evolved-
Node B, eNB, or a Node B in general, 2 Gateway or any other network elements) for

optimizing information traffic in communication networks (e.g., wireless
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frequency division nultiplexing access, OFDVMA, as the access technique) for
a period of 1 ns. The PRB then can be interpreted as the snall est

all ocation granularity that a UE (user equipnent) can be all ocated.
Furthernore, within each cell, the traffic 15 may be schedul ed

i ndependently in uplink and downlink, therefore the | oad neasure may be
conput ed separately for the uplink and downlink. For exanple, for the | oad
nmeasure calculated at the eNB, it may be calculated at the transmtter for
t he downl i edremnumibdtioe systensiyAdgerdoe] te einhodigierts of the preswweinyentiofghist he upl i nk.
The obvi oug_i,medi ate | oad asure ul t ' r nt, 20
ahtoh | ust ReAREE e R B Sn T R APt ons s 15105 BRI o' s
over a Qi velemaniditarof antliserelalihemdasased whith ageldabketitiio gcdomntithatotalt i s not
possi ble to di stifn ui sh "i. or.t%nt" or i

"es%ential y d&nformati on traffic from
"best - ef f oPPOUPF FeQpces axaliable i the syxem (Gg GRENYE R REYNTTh are equi val ent
to a resl bidRvidtndanchnbuOstréadced thakaré Ne¥Hor tardidel B8, “impspactdrvel y,
wherein RT and NRT terns are being trgﬂi ti,g%ﬁ{}alry used (e.g., 25 see 3GPP TS

25. 423) . | t esptighiedic wane gehtgd Bethed deyert ) paraneters: GBR

(guarant eed bi t iadRAdRAM B fafe Bf the pelsbmi@lehtiondtdiBad Redkared@d be V8. 1. 0,
section 4.7) is for RT and non- GBR bearer (ei&?., defined in 3GPP TS 25. 401
Oy

V8. 1.0, se#éfingd for appllvgthpgertagryy steph bandwidth of 2oy CAPRCEF RIS GERL of 1 he
present in - _ . ing into
oo PS8 ) R TR e B ARAGNS Rl BB

I nformation
traffid0i s(RRR) for mirsinissipn (fohdévenlimkor nihk). stanexereploampngdthdio the any

guar ant : LG, FAL f th
guar ant ees pk@cah € abfinch S & b Dfdl 38 brerF ik B it e Of the

present invention, or "essenti affic, is considered
to be a tr dfefiancy divisoh nndtiexiherccen 0ENMAeds ho rcaetsdedbEque) fneeded for the
networ k operatij aon._ Thi s, ential: | I i rafif G- .nre-sel ected
for deternt ﬁrllcr'ldg&phnem' ﬁ%ggRﬁm%%e§ 3: ra% g%glé%‘?%%ﬂg hg ngﬁ%egﬁglllﬁ%a&{og %gafnggﬂgfr pr esent

i nventi on &wmt d&8o(uidoeghiprecre) can bFelodaedt amthermdrd) evituradatlh cellShedd&d f or t he

network ("essential" traffi may inel u | t.limted to): SAE
(syst elrilsar i ﬁggéfht?%lfeé g@%eﬂ&%ngﬁ)ly@'ﬁﬁ(a 5%%\%%}%"%&2}3%{5?@ tP %%0%1 JPRRE (radio
resour ce canmyrbelc)mpesdsgeasielyafodithmepiinandcioesinlc 6mt axample MAOHhe Joadr ot ocol dat a
units (PDUs). It i.s.no t .t he .SAE, bear.er .i Je S (evol ved packet
system) bedtEr™T ﬁalf%%e‘fazﬁgse?&%&ﬁﬁ y c?ccﬁr%% < a{ @?3@?5%3%%?@% TS 25. 401

V8. 1.0, sedbivahinid whjle it hiag bk ailtwited widthd 2caive faohd uinknessages, which may be
needed, for exagﬁl eg.to.i nféar mlt%&e UES on {ﬁgbe cg igurati on ?nd assi gnment s
in the network antCaPes PHETEE 16 PR SRk BPBF AT 8™  Thys,

accor di2zog twhichjastesRagtb eeotntafic ivBgP hexaBdtof honsesrt botked PRBs bead neasur e of
the "essential" (equi.valent fto RT) information.traffi.c can be determ ned
15( cal cul atZ}! afnr?“%“ﬁ?‘@ae r({lﬁaﬂxé@)qu ﬁét ¢ Bt “(‘)gl?cﬁ.sl,gleﬁ%fhs?‘}géﬁ m ssi on
tim ng intefngdrtahiPlo} “@Sendateifeiitatidn SHfficGont fRstUgRE” BRB®nfeenidie schedul ed
users using pre-selected essential infor rratnilg&jggn he tralffi c_as follows:

TBS GBR(n) gna;@owtrﬁfﬁp wﬁgg}ﬁrrf,: eqy(wﬁlent toareal ti a non-real time (NRT)

traffics, respectively, wherein RT and NRT terms are being traditionally used (e.g,,

25  see 3GPP TS 25.423). It is noted that QoS (quality of service) parameters: GBR
(guaranteed bit rate)-bearer (e.g., defined in 3GPP TS 25.401, V8.1.0, section 4.7) is
for RT and non-GBR bearer (e.g., defined in 3GPP TS 25.401 V8.1.0, section 4.7) is
for NRT.

Thus, according to an embodiment of the present invention, the load measure
30  can be generated by taking into account the fact that the “best-effort” (or “non-
essential”) information traffic is the traffic which is carried in the network without

any guarantees for the UE requesting the traffic. For the purpose of the present
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PRBI oad, 717, e = EPRB. ed(n) (1), TBS,",a(n) 20wherein index nis referring to
the n-th schedul ed user equipnent (or user) in the predetermned tine
interval (e.g., TTlI). Hence, the nunber of used PRBs per user, PRBased(n),
are weighted with the ratio of nunber of bits used for GBR bearers + RRC
messages + MAC C-PDUs, (TBSsAE GBR (n)+TBS R ze(n)+ TB S mac_c(n)), for

i ndi vidual users (in the nunmerator) versus the total nunber of transmtted
bits, 25 (TBStowmn)), for the correspondi ng individual users (in the

denomi nat oyent®y, thp Simporigpt Aonfiessestiabhtraffic tiheonsidemil tckmrartiagic, pdydhond, we here

have a neasyr for t t ve s..t ha or.."essential"”
traffic, ggj F Grat eoe?gor%{l Of)geeg?(ﬁaémten h”(}?k O%ereﬁlgﬁﬁ “e T1& ™vai | abl e
traffic bynﬁmrbtanactrafﬁgcﬂheq)rﬂwm&fd 61 detarinréng thé Rlad mm&rac&frdmgada | abl e PRBs

e appl i ed PBTOBEIP Rk Eiea) P RRDN A SRRHEA APRIR 0 B0 08 FRAE on Of upl |

and downl i deded B teGetwork (“esserMal’ &Edfﬁé)lﬁ«{@l mc}u@q@@tr@hmnnﬁ@d anogAer enbodi nent
of the pre(sé??ml nvention, Equation can fied to apply to all users

si mul t aneo AR eRireleylvten SR %Eémf“@ﬂ B\We)#ﬁéc Gadioresparcs ;| TB S
RRe(n) al | #nkBH rhlsagsd, aadléecf’ﬁiﬁ ab&esdeoﬂbﬁmct FoRtardERRR pIRR)M, (12)a

The | oad neasured in the Equations 1 can be in the ra e betvveen 0

and N (e. gltis psethibaidhe AR hedreriveptled EPWPE%C{% PAKRISYStERR) beaser UIAP nunber of
PRBs in thgceidpd 9&9&%? ge%] steg@Gﬁy § S%@MB?%‘M (ﬂ&é&m%h*@? Z%?Qlahgr twfae cell is

fully loaded wth 10 tran ssion on all PRBs W th traffic, then
the | 0d@ wite|corign] anessdgesTwbich stag barnersidd,| forakamplesigriefonathe fEsatly t ed t o one

oI e NeLAHAHE bR IRLRAGh MR Pork Gpdlar ML BE nblone! fecl) ve control

of the inf tion t he netwo ad neasure in the
Equat i ons dpeasttbn?2 can be aver aged over sever al t| me intervals (e.g.,

several TTIs) b re.b | 1]|5 bour| ng
i t
net wor k el enent gﬂ‘%ta(eaclc?r% qol'ﬂ embo e?(r)r%t ﬂ%ﬂl%gl rr%w?n rer hthe oa‘? | I is) can be,
of the “essential” (equwalent to RT) 1nf0rmat10n traffic can be determined
15  (calculated) in a predetermined time interval (e.g., per transmission timing interval
TTT) as a2 weighted sum of the used PRBs for the scheduled users using pre-selected

essential information of the traffic as follows:

TBSSAE GBR (}’l) + TBSRRC (H) + TBSMac C (n)

PRB,pua iy e = 2 PRB, . (n)- B _ D
load T, 2 10 TBS (1) W

20 wherein index n is referring to the n-th scheduled user equipment {or user) in
the predetermined time interval (e.g., TTT). Hence, the number of used PRBs per user,
PRBusea(nn), are weighted with the ratio of number of bits used for GBR bearers +
RRC messages + MAC C-PDUs, (TBSgz pe{1)} +TBS e () + TBS,,. (n)), for

individual users (in the numerator) versus the total number of transmitted bits,

25  (TBSiealn)), for the corresponding individual users (in the denominator). By
applying a division of the total carried payload, we here have a measure for the
effective PRBs that are used for “essential” traffic, and therefore it is possible then to
calculate the available traffic by subtracting this number from the total number of

available PRBs in a cell which is typically supported by one Node B. The Equation I



e.g., one mllisecond. It is further noted that from an

I npl ement ati on perspective, it does not matter, whether to report the used
load in the cell (determ ned from Equations 1 or 2) or the conplenentary
unused load, i.e. N mnus the average used | oad determ ned from 20Equati ons
1 or 2. G ven the sane approach as descri bed above, the equival ent
per a 'Fri-load neasure of "non-essential"” (equivalent to NRT) traffic can
be expressed as follows: PRB nad in, nePREaed () TB S(TB SS ass (n) + TBS
sse(n) + TBcs bmarpligdipy dEoninkpsfiicouplink trafficas a comp@yptionaafapMBSRAE GER( n) al

TBS ac(n) alg,. 1B® 1gg..c(n)all alt Il load ,771 ,ne = PRB used
nall 1 )

(m Alteratively, according to another embodiment of the present invention,

Equation 1 can be modified to apply to all users simultaneously without summation,

5  as follows:

TBS g csn(1) # + TBS eoc (M) +TBS,,,. -(m)*
TBS!ataI (n)au

PRB[aad,TTI,eaH = PRBused (n) . (2)‘

The load measured in the Equations 1 and 2 can be in the range between ) and N
(e.g., rounded to an integer), wherein N is the maximum number of PRBs in the cell
(depends on the system bandwidth). Hence, if the cell is fully loaded with

10 transmission on all PRBs with SAE GBR ftraffic, then the load will equal N. The
determined load measure can be reported to one or more neighbouring network
elements (e.g., Node Bs) for effective control of the information traffic in the
network. The load measure in the Equations 1 and 2 can be averaged over several
time intervals (e.g., several TTIs) before being reported to the one or more

15 neighbouring network elements (cells). The predetermined time interval (TTT) can be,
e.g., one millisecond.

It is further noted that from an implementation perspective, it does not matter,
whether to report the used load in the cell (determined from Equations 1 or 2) or the
complementary unused load, i.e. N minus the average used load determined from

20 Equations I or 2,
Given the same approach as described above, the equivalent per a TT1-load

maeasure of “non-essential” (equivalent to NRT) traffic can be expressed as follows:

TBS, (1) — (TBS SAE _GBR () + IBS g (m) + TBS,,,. ¢ (n))

P RBtaad,m,ne = ZP RB, .1}

TBS{DMI (n’)
2 (3), and
TBS )™ +TBS e
‘PRBIcad,TTI,neaH = P‘RBw:ed (n)tzﬂ 1 - S{E'GBR( ) RRC (nz{_( Mac—C( )
IBS, .y (m)

),

respectively (similar to Equations 1 and 2).



TBS t",al (n)all (4), respectively (simlar to Equations 1 and 2).
The pre-selected "essential" information of the traffic represented by a
sum of 3 terns, TBS sAE GBR (il1l) TBSRRc. 00+ TBS nac_c(n) , used in
Equations 1 and 3 (simlar 3 terns are used in Equations 2 and 4 as well)
represent only one possible scenario and other definitions of the
pre-selected "essential"” information are possible. 5It is further noted

that according to an enbodi nent of the present invention,
The pre-selected “essential” information of the traffic represented by a sum of

3terms, TBS g, gpe (1) + TBS g (1) + TBS,,, (), used in Equations 1 and 3

(similar 3 terms are used in Equations 2 and 4 as well) represent only one possible
scenario and other definitions of the pre-selected “essential” information are possible.

-5 It is further noted that according to an embodiment of the present invention,
both “essential” and “non-essential” load measures can be calculated, e.g., in the
Node-B at Layer-2 (the network layer).

Figure 1 is an example among others of a block diagram of a network element
10 (e.g., Node B, a base transceiver station BTS, efc.) in a wireless network 11 for

10 determining (e.g., calculating) a load measure for the network element 10, according
to an embodiment of the present invention.

In the example of Figure 1, the network element 10 comprises transmitters 12,
receivers 18, an allocation and scheduling module 14, a load determining module 15
and a load transmitting module 17.

15 The load determining module 15 is used to determine (calculate) the load
measure according to embodiments of the present invention described herein (e.g., see
Equations 1-4) using an input signal 2§ from the allocation and scheduling module 14
regarding the downlink information traffic (the signal 20 is transmitted as a signal 20a
to corresponding UEs). It is noted that the signal 20 can comprise information about

20  uplink traffic as well if the module 14 is used for scheduling the uplink traffic as well.
The module 15 can also get input signal 22a from receivers 18 regarding received
uplink signals 22 from the UEs, as shown in Figure 1, for determining the uplink load
measure, according to embodiments of the present invention described herein (e.g., see
Equations 1-4). After the load measure is determined {calculated) by the module 15, it

25  can be transmitted using, for example, the load transmitting module 17 to neighbouring
glements (e.g., to Node Bs and possibly to other network elements, for example, to
Gateways, etc.) for optimizing the network performance as described herein.

According to an embodiment of the present invention, the module 15, 17 or 14
can be tmplemented as a software or a hardware module or a combination thereof.

30  Furthermore, the module 15, 17 or 14 can be implemented as a separate block or can be
combined with any other standard block or it can be split into several blocks according
to their functionality. The transmitters 12 and receivers 18 can be implemented as

8



both "essential" and "non-essential" |oad neasures can be cal cul ated, e.g.,
in the Node-B at Layer-2 (the network layer). Figure 1 is an exanple anong
ot hers of a block diagramof a network elenment 10 (e.g., Node B, a base
transceiver station BTS, etc.) in a wireless network 11 for 10 determ ning
(e.g., calculating) a |oad neasure for the network el ement 10, according to
an enbodi nent of the present invention. In the exanple of Figure 1,
the network el ement 10 conprises transmtters 12, receivers 18, an

al | ocat i oﬂfaalﬁwl\@cﬂ?éd‘(ﬂllkngwﬁwfﬁlﬁéﬂﬂl oxselegtgd modvley of the reywels@lament 5 and a
Ioadtrans termning nodule 15 is used to
det er m ne %H&Q@éﬂtﬁd nc%aa}iﬁ;ﬂa s%?gg%‘gﬁordl ng to enbodi nents of the

pr esent invent|R)gurdae$shpwberﬂe>tampéamfa(fmvgchartsiemoiiﬂ!p@‘amgdﬂmnimn‘g)alsmd ng an i nput

signal 20 fromthe allocatio nd ulin dul e .1 ing the

downl i nk |W?%PWﬁniGW*W?EF%F?Hﬂ?ﬁé}gﬁ ﬁgfwﬁﬁngP R ed%%g a signal 20a
to correspgedhnigvddtsy. |t is noted that the signal 20 can conpri se

i nformation abqyt 20upl i traffi nmodul e 14 is used for
scheduri gt ne. \Msemiete: & Fiei o itpre Binonrantitie FE 0TS ger | nput

si gnal 22a,th&NMhe @Rk ¥&itéps BB £liréllis heCBbMewdlypddinl, ssiggidsy, 22 from t he
UEs, as shown in Figure 1, for determ ning the uplink | oad neasure,

accor di ng @Své‘ﬁﬂi‘ééﬁeﬂﬁ?ﬂ@@?ﬁ?m@dﬁ?’e@é’mﬂ|1H9é‘??f}}°5ﬁ°‘ffé‘§‘ﬁgfot?é‘d herein (e.g

see Equat i gRsodlmébk of A hREerk MR hRATnTERSHLSG F23hIRinvsiticRatdn(wah sl at ed) by
the nodule 15, it 25 can be transmtted using, for exanple, the |oad

t r ansni® t | Ngded gan rrovicte informetigmtrfiie KW%Wélpb@Qg‘Slﬂg plhongsiestegs and

" possi bly t&oﬁ&.fb% Hﬁélﬁ%ikph‘f%l@ﬂ?&fo&ce BQEks%QﬁB'a%aﬂam iFaleaaYsk etc.) for
optim zing the network” performance as descri bed herein. According to an
enbodi ment elementies.pr BSR pan ¢ompsise pOIL subtvarrivrsd of asuivalentlyztogrfreguencsin be

i npl ement e giﬂ_gg ed%% her eof 30
Furthernorgnﬁtﬁﬁglno u%lvgﬁui}%e%gl@ Iﬁwﬁggaj?&y {e“ﬁg%‘t?gg&és%h‘gg%%r ate bl ock
or can be vowbikmiainant ¢dn @anbmcuwémdwdmmgehf e iifornggion effispl it into
several . bl gck 1 tﬁ?)c i ity s 12 and
recei vgrs %8“)5t e&?q&m%d% eu%e{vhﬁl “&s el g@‘%"{?&é ste%-@%&%ﬁﬁ’?&gidr%vﬁ%lrn the art.
Al'l or sel embtﬂﬂmnrﬂduﬂ thspment imeemwn\d@acklb@ lemeintIn 2@exsatep 36, thepétendnt ed usi ng
an integra gy aur | ow chart
denonstr at %lglg'e]% Protv}de s loacfm urﬁé%é‘ﬁ?)gg OIP&% n% ge{;emekfnt (e.g., Node
B), accordelleglemts)fcareffeﬂiyedommhbfﬂlﬁ utfbrmaﬁpm gsftiatn ihn\netmorlon The flow
chart of Fi gure, 2 onI resent s o} |bIe nar hers. The
order of steps sﬁ%ﬁnaﬂyedaglg‘éeu%e YG n v1§§ oot 2 ﬁ‘)%%r‘galtcf? %Pp%gdﬁ eneral |y,

t he vardousgépeas cmasmxbgomlnbﬁnme@lmquoxocﬂmg)ﬂdéuncubmlw foepérdmargcor ding to
an enbodi ngnt  of %tlﬁm&%@e%eig nt|o inezlanef rst asrtem302r th net wor k

el enent sully SHES ¢ Y ?/“8@' er?fn(?} |on 3 pPaYe F‘(%V\ﬁl i nk or/and
upl i nk) usiimglemkitedds ssﬁkraetoeﬂnh\bvﬂelf& eﬁécuaopbym ad)mlblyerq)froq@ksyssumal resource
bl ocks (PSBS%_l vail able ip_the netwqrk el enen (rb 8 g can corrprl se of
12 sub- car PPEFYAr B thaease LIRS o 89 aferg’ﬁﬁlévﬁﬂg}o F hﬁp’@F"df & % and bei ng
the sane f%mbhﬂkﬂﬁ?&gr@rﬁ%rdﬂl%ﬂhﬂﬁﬂﬁgabcﬁtn@tét&é%tdaﬁ& eferagd strichge net vvor k el ement

can det er merr;ieoéy?r?gl, go%p%%e?pro%ralmogo%e r(];eeasﬂlfé seoftgmfare;[ or}eﬁxgn\rplja%r) Téltelor? ?ort raffic
execution by the computer processor.
It is to be understood that the above-described arrangements are only
illustrative of the application of the principles of the present invention. Numerous
modifications and alternative arrangements may be devised by those skilled in the art
30  without departing from the scope of the present invention, and the appended claims

are intended to cover such modifications and arrangements.



15in a predetermned tine interval (e.g., TTlI) using the weighted nethod,
according to enbodi nents of the present invention described herein. In a
next step 36, the network el enent can provide the | oad neasure to the one
or nore nei ghbouring network el enents for effective control of the
information traffic in the network. As expl ai ned above, the invention

provi des both a nethod and correspondi ng 20 equi pnent consi sting of various
nmodul es providing the functionality for perform ng the steps of the nethod.
The nodul es nmayWbet i elpimedénat ed as hardware, or may be inplenented as
software or firmwvare for execution by a computer processor. In particular,
in the case of firmvare or software, the invention can be provided as a
conput er pt.ogr ammptleduimprismiudi ng a conput er readabl e storage structure 25
enbodyi ng conput er. .brogtam cade, (i..e., the saftware.or. fi.rmmvare) thereon
for execution bYOPH gé@ﬁﬁ 0 ?%@gﬁggp#“mﬂfamp%ﬁﬁgnﬁgﬂ%@iﬂhderstOod t hat

t he aboye- gseddiBiels af 4 SlugEfyTHBystdabrefiirye blbdky stdiRble wesaldf nebbgrkappl i cati on
of the principles of the present invention. Numerous nodifications and

al t er nat i vE*ZF¥atifenent s may be devised by those skilled in the art 30

wi t hout departi figerhni Q68 4 REd FLARR Fsaill MFoRAAIDA RhfficbyaRidighd métkbd he appended
clains are intended to cover such nodifications and arrangenents. \Wat is

cl ai med i susing presselgsted gnformaginn pf seidigforpyptiny tathgprawidedpioriali &n traffic by a
net wor k el giiRidd Hidd patBLiP&tindih s2d indsiRlef&H #4kb! ocks of a plurality of

physi cal resource bl ocks available 1n said network el enent; and determ ning
a | oadl®%easure of said information traffic by a weighted nethod using

“pre-selected in i : LA f . ormat i i V{ -hy, said al

or sel ect eg' bl o% s@%ﬁf&c@%&? ?{rllvgeljlelﬁi S%&%%%@o%ﬁ%%&@?%f ?’lgigﬂn } 2. The
met hod of wsumbenof saiglbersiclectsd blpckselightasttsprating datorfpmumbey:of gigitght i ng a
nunber of i I i.t:R: I fo of a nunber
of digital ﬁg!li ]?sgaSlélgg&ﬁ%la%%%q%@é@%ﬁgﬁ%gmlcfn oarﬁ%ﬁ}g%grgjfhs%ga?d i nformation
traf fic anduabdraif digitmumts &othakedfogilt wder bijuimdntst fartgdng wrsadl | user

equi pgRt s RALLIG) RAng 1N said

3. The method of claim 1, wherein said weighted method comprises: summing a
number of one or more blocks of said all or selected blocks used by each user
equipment of said all user equipments participating in said information traffic

20  weighed with corresponding ratios of a number of digital bits used only for said pre-
selected information and a total user number of digital bits both used for said each

user equipment.

4, The method of claim 1, wherein said load measure is determined in a

25  predetermined time interval.

5. The method of claim 4, wherein said predetermined time interval is one

millisecond.

30 o The method of claim 1, wherein said network element (10) is a Node B

configured for wireless communications

10



15information traffic. 3. The nethod of claim1l1, wherein said weighted

nmet hod conprises: summ ng a nunber of one or nore bl ocks of said all or

sel ect ed bl ocks used by each user equi pnent of said all user equipnents
participating in said information traffic 20 wei ghed with correspondi ng
rati os of a nunber of digital bits used only for said presel ected
information and a total user nunber of digital bits both used for said each
user equi pnent. 4. The nmethod of claim.1, wherein said | oad nmeasure is
det er m ned’-i n altesngthadpdelaimyl nekprein sd inferajetign traffig 1s irgewplinkhod of clai m 4,
wherein said predetermned tinme interval is one mllisecond. 30 6. The

nmet hod of claim 1, wherein said network elenent (10) is a Node B configured
for wirel e8s coffmumitiesitdfohim 1 7wheTtie sarditfomnagpn safac i in uplutker ei n sai d
information traffic is in dowlink 8 The nethod of claim1l, wherein said
information traffic is in uplink. 5 9. The nethod of claim1, further

conpri s§ ngd. pr oMticdhetipdsdicthirh dafiirtheasmpasing one or nore nei ghbouri ng networ k

el enents. 10. The neth f claiml, wherein said pre-sel.ected informtion
is for an esserRrP‘é{fhnlgﬁ?lgfoﬁgf‘?eSﬂmf {paﬂ“? CEgid e%,ggﬁr%"ﬂn é’gwé)sk ‘11;1%%‘%5[?5'0% or all
of : 10guaranteed bit rate bearers, radio resource control nessages and
medi um access cQntro C.-¢c protocol data units.. 11. T net hod of claim
1, wher ei n1@achthsrme ?%ﬁﬁ}’gﬁcg{fm’?@§ rpEeésegqc 8@%’?@8%:}&5@5 t wel ve
cont i NUOUS ebibRfdringhich Rffi@4tdaphads af eeguansyalidifvi si on mul ti pl exi ng
access.

10 guaranteed bit rate bearers,

radio resource control messages and

medium access control MAC-¢ protocol data units.

11.  The method of claim 1, wherein each of said physical resource blocks
15  comprises twelve continuous sub-carriers of orthogonal frequency division

muliiplexing access.

12. The method of claim 1, wherein said load measure is in a range between zero
and said plurality of physical resource blocks available in said network element.

20
13. A computer program product comprising: a computer readable storage
structure embodying computer program code thereon for execution by a computer
processor with said computer program code, wherein said computer program code
comprises instructions for performing the method of claim 1.

25
14. A network element (10) , comprising:

transmitters (12) and receivers (18) , configured to provide an information

traffic using all or selected blocks of a plurality of physical resource blocks available
in said network element; and

30 a load determining module (15), configured to determine a load measure of

said information traffic in a predetermined time interval by a weighted method using

11



12. The method of claim1l, wherein said |oad neasure is in a range between
zero and said plurality of physical resource bl ocks available in said
network el enent. 20 13. A conputer program product conprising: a conputer
readabl e storage structure enbodyi ng conputer program code thereon for
execution by a conputer processor with said conputer program code, wherein
sai d conputer program code conprises instructions for performng the nethod
of claiml1l. 25 14. A network elenment (10) , conprising: transmtters
(12) and receivers (18). , configured to_provide an.infor ion traffic

usi ng al | %’?'S‘éﬂe@dﬁf(éﬂnaﬁ%Ewldd‘?tg’ﬁnaﬁ%}mafﬁ???"@?f@h?g a@é’lr S?T%gegur ce bl ocks
avai | abl e 115ck§ phrcipaing@f dideh®fmiibn ragie. 30a | oad determ ning nodule (15) ,
configured to determ ne a | oad neasure of said information traffic in a
predetermned tine interval by a weighted nethod using pre-selected

i nf or mati oy, of 19@hewhik MnERL dreRink [ afWheeinalvidittdmetiadicdmadises:or sel ect ed

bl ocks garti_ci pating in said infor%i %n traffic. d_’LS.T.he net wor k el enent of
clai m 1%, Weigktaes eaby oherdt Baelrsthries ﬁﬁﬁ%F?réeé%o.n BERPShYing a number of

said al | opuaRl schigdl BilsesdaonW fhhpreedEceapmothatign bidaldinofmaiomnunber of digital
bits used only for pre-selected information of said information traffic and
a total nuftf ansre tﬁ%b‘i‘“ﬁ%’lﬂr Hidgedtallp h‘“&é‘%"& forgyl usgreapiRgents ﬂt?cﬁﬁ%é?ﬁ s

parti ci pat ipRgidiiffosakien rafi@r mation traffic. 10 16. The network el enent of
claim 14, wherein said weighted nethod conprises: sunmm ng a nunber of one
or nore blocks of said all or selected bl ocks used by each user equi pnent
of sai dpal Ig.USereagiopnmabest Patdih ¢ patieteligsaidivagtita haadrcompiissn traffic

- wei ghed with correspondjing rati f nupber . of .di gital..bi used only for
"'said pr esef%’fﬂéaaPw}f‘)‘bﬂrﬁﬁ?lﬁ%%maﬁg’?o&gﬁ ‘Eﬁasz%%a aﬂg&%e‘eﬁtﬁﬂgfé’gk%‘?ed P’g":;‘1 al bits both
used for saeHeanttniliiusien equbquipaits phificibhiget vaid kiehamanaffof claim 14
wherein said | oad _neasure.is determ ned | redeterm.n pme interval .
2018. The n%’?‘\%g?dkmg} QFERegpe r@?%?ioﬁ? T’Vn?g%lé&%?arll Blstsalllsg& %’r@&é?“ 3 IJf5ned time

i nterval i Selected information and a total user number of digital bits both used for said each

15 user equipment.

17. The network element of claim 14, wherein said load measure 1s

determined in a predetermined time interval.

20 18.  The network element of claim 17, wherein said predetermined time interval 1s

one millisecond.

19. The network element of claim 14, wherein said information traffic is in

downlink.
25
20. The network element of claim 14, wherein said network element is a Node B
configured for wireless communications.
21.  The network element of claim 14, wherein said information traffic is in uplink.
30

22.  The network element of claim 14, further comprising:

i2



one nmllisecond. 19. The network el enent of claim 14, wherein said
information traffic is in downlink. 25 20. The network el enment of claim
14, wherein said network elenment is a Node B configured for wreless

conmuni cati ons. 21. The network el enent of claim 14, wherein said
information traffic is in uplink. 30 22. The network el ement of claim 14,
further conprising: a load transmtting nodule configured to

transmit said | oad measure to one or nore nei ghbouring network el enents.
23. The net wor k &loadrersmitfing mafyle configuisd teirnsaifisgiddead mesFwe teeheiohf or mat i on

is for 5ann§§§%§%%a%g%gé JRLi.Qatraffic and conprises at |east one or all

of : guarantee earers, radio resource control nessages and nedi um
access control MAC-c protocol data units. 10 24. The network el enent of

claim 14, ereln each. of sai hysi.cal _resource nr i twel ve
conti nuous~su b-eié ernreﬁé?rg e%pe%er%ﬁ%b% rin%fl ‘%}ef eé%i‘?g% & gedséﬁ?é\?%gﬁlgfﬁﬁ&rﬁu t fsp Pixi ng
access.5 Zbessdital n&irmvaida welffe@idtconbrisds at kast ne odwdlrodi N sai d | oad neasure i s
in a range 15 between zero ?pd said plurality of physical resource bl ocks
avail able in saﬁﬂm?ﬂﬁqéhwgmgléﬂ@ﬁt. 26. The network el ement of claim 14,
wher ei n an i nt eglntreéluiek e6itidl neAPdkia8@s the | oad determ ning nodul e and

said transmtter and receivers. )
medium access control MAC-¢ protocol data units.

10 24,  The network element of claim 14, wherein each of said physical resource
blocks comprises twelve continmtous sub-carriers of orthogonal frequency division

multiplexing access.
25.  The network element of claim 14, wherein said load measure 1s in a range
15 between zero and said plurality of physical resource blocks available in said network

element,

26.  The network element of claim 14, wherein an mtegrated circuit comprises the

load determining module and said transmitter and receivers.

13



