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Control signaling is known in general and serves many

purposes in communications systems. Such may include
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signaling the allocation of communication resources made
between a network element and a plurality of terminals.
Each terminal may have a constant or varying need for

- communicating data with the network element in either

5 direction. To distribute the data there may be a need to

protect against time-varying adverse communication
channel conditicns by allccating the data intended for a

'given terminal to various communication resource elements
that are dynamically changed in various domains such as

10 time, freguency and space.

Both the control signaling and the data can be
dynamically allocated in this way within various
bandwidths. In other words, it can be the case that a
15 certain amount of resourcesg is set aside for signaling
and another corregponding amount of resources for data.
Tc give such a system more flexibility, it can be the
cage that a plurality of certain resources is designed
for signaling and ancther plurality of corresponding
20 resources is designed for data. A pair of a signaling
resources and a data resources would be chosen and set
aside for use by a particular network element and
associated terminals for a particular circumstance. 1In
the above dizcussion the term resources refers to a set
25 of physical resources which are to be transmitted over an
interface. This interface could for instance be a
wireless air interface. The physical resources could be,
but is not limited to, for instance a set of sub-carrier
symbols in an OFDM system. Aspects of the physical layer
30 of an exemplary Radio Access Network that uses OFDM are
described in 3GPP TS 36.201 V1.2.0 {2007-06), TS 36.211
V1.2.0 (2D007-06), 36.212 V1.32.0 (2007-07) and 36.213
V1.20 (2007-05%). See for instance the Frame structure in

section 4, the Downlink of section 5 (a downlink resource
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grid is shown in Figure 3}, and the Uplink of Section 6
(two uplink slot formats shown in Figures 15 and 16) of

A3GPP TS 36.211 V1.2.0 {2007-0s5).

For example, in case of a direction from the network
element to the terminals and assuming the signaling/data
bandwidth pair is chosen and known at both the network
element and the associated terminals, the network element
could send resource allocation signaling to all of the
terminals in such a way that each bterminal can locate its
own allocation information so that it can subsequently
obtain information on how to find, demecdulate, and decode
data also sent from the network element to all terminals
but each terminal only extracts the information that is
gspecifically intended foxr it. Such a one-to-many
communication scenario reguires that a search of the
control signaling be conducted by each terminal for a
pointer to the placement of the resource element or
elements containing its data that 1is about to be sent

from the network element.

It can be the case that the network element is in
posgegsion of identifying information concerning each
associated terminal and can uge such information fo
designate which control and data resource elements belong
to a given terminal. Since the terminal will be in
possession of its own identifier as well, it can search
the control signaling rescurces to find its control
information and each other terminal can do the same. Once
the pointers are obtained in this way, the terminals can
find their data in data resources within the bandwidth

that is set agide for data.

It can be burdensome for the terminal to have to search

4



SAPService Access Point SC-FDMASIngle-Carrier Frequency Division Multiple Access SFSpreading
Factor SNRSignal to Noise Ratio SRScheduling Request TEDTime Division Duplex TTITransmission
Time Interval ULUplink UTRANUniversal Terrestrial Radio Access Network Control signaling is known
in general and serves many purposes in communications systems. Such may include

through all of the signaling resources within which its
own signaling may be found. Various technigues to reduce
the search burden have been proposed and will have a
beneficial effect when adopted. For instance, it may be
possible to reduce the searching burden by half or more

by using certain strategiles.

The Dbeneficial effect of such strategies could be
blunted, however, 1f additional complexity is introduced
to the signaling. For example, additional proposals have
been made to use a more complex sgignaling structure that
inciudes differently sized signaling ig used for
different terminals in communication with the network
element. Such might be used in a case where one terminal
is to receive only a single data stream and another
terminal is to receive more than one data stream at the
same time. COCther examples of different payload sizes
include, Dbut are not limited to, uplink resource
allocation signaling, uplink power control commands, and
resource allocations for a downlink shared channel. For
the exemplary downlink described below, the possibility
of differently sized signaling resourceg being signaled
for different terminals multiplies the search task burden

imposed on the terminals.

SUMMARY

It 1s to be understood that all presented exemplary

embodiments may also be used in any suitable combination.



2 signaling the allocation of communication resources made between a network element and a
plurality of terminals. Each terminal may have a constant or varying need for communicating data with
the network element in either 5 direction. To distribute the data there may be a need to protect against
time-varying adverse communication channel conditions by allocating the data intended for a given
terminal to various communication resource elements that are dynamically changed in various
domains such as 10 time, frequency and space. Both the control signaling and the data can be
dynamically SHEEQEAIRTIS Wap wihihari8§epakdwiliterth ctherf¥srdsdg Eafbatd'esse that a

15 certain amasib of Eeseyrcesds setasidador sigradivgiand anathejesarrespendipg ampaut of

resources for data. To give such,a system more flexihility, it can he the case that a plurality of certain
For Eign it | 4

resources is FeSGF&t for &ign Aot Bidifity OF2BHESFonting 26 reRotEds ’Gesigned for
data. A pair of agigridlilgg espurcestanca data dsources Wi ulddoetchdserrhndisel asiderfor use by a

particular netygrk.elemen agd assaciated deyninale ford padisuiar sigumstance, Ja fhe ghove

discussion the term resources refers to a set 25 of physic¢al resources which are to be transmitted over
an interface. TRiZGHEFRCce EJRBIHCInst&ice P& Wireleed aif MterfadamrelphySiealtesbdrces could

be, but is not {indteehiarfosinstepee a setofsubcarder syahelsinan QRRM systenaAspacts of the
physical layer 30 of an exergplgrégf? |0 Acclg%s Network that use%OFDM are described in 3GPP TS

36.201 V1.2.6{5007°08)° _ 2 GRP0GATES FEOTHEV 30 FIOTE6P 48915 v1.20
(2007-05). Seefol nktagce dise Frampusiuetote insgectidhi4; theddownlink ohsectmhsb (arabdwnlink
resource common control channels into various aggregation levels
with common control channels limited by exclusion from at
least one aggregation level of said wvarious aggregation
levels, wherein said common contrel channels are limited
in a tree comprising four aggregation levels to
aggregaticn levels of four and eight control channel
elements and excluded from aggregation levels of one and

two control channel elements.

According to a second aspect, there is provided a method
comprising: allocating differing numbers of resource
elements to different control channels within a defined
signalling structure so that said contrel channels are
allocated different resource paylicad gizes, at least one
regource element of each control channel carrying
information £for a respective identifier used to detect
the control channel, and aggregating the control channels
into variocus aggregations based on signalling rate to
reduce decoding complexity and limiting selected resource
payload sizes to certain aggregations from among said
various aggregations to reduce decoding complexity,
wherein a default payload size is for a single code word
not limited to any or at least more than one aggregation,

wnerein at least one payload size is limited by exclusion
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grid is shown in Figure 3), and the Uplink of Section 6 (two uplink slot formats shown in Figures 15 and
16) of 3GPP TS 36.211 171.2.0 (2007-06). For example, in case of a direction from the network
element to the teiminals and assuming the signaling/data bandwidth pair is chosen and known at both
the network element and the associated terminals, the network element could send resource allocation
signaling to all of the 10 terminals in such a way that each terminal can locate its own allocation
information so that it can subsequently obtain information on how to find, demodulate, and decode
data also senf iiofh the nt®FGtk efitfeIgBldaiipals Rrdasiaraimal onlbeataciksthetinformation

that is 15 spegificaliyiptensled forit Such arane-tggman:-qeramuiication segnafigdequirgsdhat a
search of the control sgnaling be conducted by each terminal for a pointer to the placement of the

resource elerf@HGEEMRRts cofitainidts 88ta tH&t is GbouttFhe sGR™MRF S He néfithk element.
It can be the eagerthiad theonetwicsk €lementis iaqapssgasiannf identifilisg iaformasias camadrning each

associated teg’i'u' anqc%%&%%%suclgﬁggg%i\tion ég gﬁeqle?%ngtg nv&hichegg)cniroégad daﬁa Jesource
elements belong to a given terminal. Since the terminal will be in possession gf its own'identifier as
well, it can se2FEH 8EAEGHTiFb| sigRERIFresdilirces®e fin@ i corftht? inferprdtiomland-daastnether terminal
can do the sameunf2reg; 30 the pointers are obtained in this way, the terminals can find their data in
data resources within the bandwidth that is set aside for data. It can be burdensome for the terminal to
have to search

According to a third aspect, there is provided a non-

transitory computer readable medium comprising program
code with code portions for performing the method as
defined in the second aspect when the program is run on a

computer processing device.

According to a fourth aspect, there is provided a method
comprising: searching for a control channel by decoding
control channels using an identifier, each of the control
channels comprising at least one control channel element
carrying information for a respective identifier used to
detect a ceontrol channel of the control channels, wherein
the control channels include user eguipment specific
control channels and common control channels that are
aggregated in various aggregation levels with common
control channels limited by exclusion from at least one
aggregation level of said various aggregation Ilevels,
wherein said common control channels are limited in a
tree comprising four aggregation levels to aggregation
levels of four and eight control channel elements and
excluded from aggregation levels of one and two control

channel elements.
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through all of the signaling resources within which its own signaling may be found. Various techniques
to reduce the search burden have been proposed and will have a beneficial effect when adopted. For
instance, it may be possible to reduce the searching burden by half or more by using certain
strategies. The beneficial effect of such strategies could be blunted, however, if additional complexity
is introduced to the signaling. For example, additional proposals have been made to use a more
complex signaling structure that includes differently sized signaling is used for different terminals in
communicatidiewith diegethorieeldmént Saskatght bdeserl ina casewiied ope reeirital is to
receive only a-sjngle;datastreamandhanetherderminal isto.rsgeive, mgre thap,png data siieam at the

same time. Other examples of different payload sizes include, but are not limited to, uplink resource

allocation sigFaHgE TplifeBBRE Sortfot B nftandeBhd Fé&durcE afibcatibns #6r £8B&Rfk shared
channel. For thiesexemplaryctqwrilkrdesetibetkalowsthe possibitinl of differestly sizedsignaling
resources bei ignaled for different.termipnals multiplies the search task burden imposed on the
terminals. SUW&V% islt%]%oerﬁﬁ(?érg%og%ﬁataalI %%gge%?eg& g)?en%égrrl;}: ér% ?’)ﬁimlj‘e"'g’r)ﬁé§ md%l?/ also be
used in any se#atsie o biRitiohe A cderding 1o afirsihspecn e isprovideldsa métkoe Epmprising:

allocating diffegiRg nuphers-gf resouies.elements g@giﬁer@géfrpgggkg@nneil%with{%%ggﬂged
signalling structure so that said contral channels are allocated different resource payload sizes, at
least one resGABE SIEHERPST 3RATONFR chlfel BEAyiNG TS TatibRorSeREpBLR% iBéntifier used
to detect the eantratchanriednard aggiggating:thedcohtrekchaonels inctuding User egetment specific
control channg%s %%ggllrgnm %ontéoel ng@QS‘S i@gg{%@%’g a%g%e %tgog Iegglzsevgith gommon control
channels limite aby exclusion from at [east one aggregation levelof said various aggregation levels,
wherein said E6FRFITCORTBT SR IS BrednatEd irfatrbe ¥oinprsihg dSiTaREREdRNTh |&vls to
aggregation levels of fouyandheight centrghchanne! elepants and excluded from aggregatian levels of
one and two control channel elements. According to a second aspect, there is provided a method
comprising: afid&tingHiffe?ing hufiere f re8arcE X Em RS to-afreF& chRtrdBhaRkeld Within a
defined signalliagsstruetate=sotthatsaisreontagicchanaelscare alacated different reseurceqpayload
sizes, at leas reseur, e t of ongrol ¢ | carrying information for. a respective
identifier useéj %g%g%gt téeE rf':et(%)nr':rlc()%rl ck%r%?e%téagng% ﬁggfée}gggﬁg %(ﬁg%%wchaé%nogg?ﬁt% vgﬁ%us
aggregations #3366 $mtsignallirRdtetosedide decodingtcokpictty and lipwinkPssledtdd fesource
payload sizestpnceitain aggregatansirem amaeng said vadeus-aggregations togeduce degoding
complexity, wherein a default payload size is for a single code word not limited to any or at least more
than one aggregatibiSwhéteid atfcaSt S RAYISad Size R imifstity 84aSBn SR & 1658t one
aggregation, agghwdgzeinsaid dtleassone payloadesizerionitedi by exclustotifedm atHeastedne
aggregation is. limyfeq in a free Cg;zma&foygeagr%gg@%g@yf&w POPLaYAIRR I QYEdS grfgur and
eight control channel elements and excluded from aggregation levels of one and two control channel
elements. AcédrairePiota thirdCaspeee therem$itbFided a non-transitory computer readable medium
comprising program code with code portions for performing the method as defined in the second
aspect when the program is run on a computer processing device, According to a fourth aspect, there
is provided aﬁ\ce?ﬁggig%pﬁs?ng?se%%ﬁgﬁg %Fgec%%troltgﬁﬁﬁﬁel by d@&b‘?:m%l‘égntt%l ¢tdhnels using
an identifier, eacimefithexcontmbohanrets comaplidiig at feasi ome comtrol dsamnel glemgnécarrying
information for, ayespeetiye iq:%ggieréjggg%gggteg&coggglﬂméof %{_?ecomé@h%@nr}%s, wherein
the control channels include user equipment specific control channels and common control channels
that are aggrétatéd ftlvaibushg gfddatidn IERES With RSP niéIF cEHRI ERBNAS s Hilfite @By ®xclusion
from at least ergpggegaiendevat ohgaigavarios's aggregation levels, wherein said common control
channels are limited in a tree comprising four aggregation levels to aggregation levels of four and eight
control channel elements and excluded from aggregation levels of one and two control channel
elements. According to a seventh aspect, there ig provided an

apparatus comprising at least one processcr and at least
one memory including computer program code the at least
one memory and the computer program code configured to,

with the processor, cause the apparatus at least to:
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According to a fifth aspect, there is provided a method comprising: searching for a control channel by
decoding control channels using an identifier, each of the control channels comprising at least one
control channel element carrying information for a respective identifier used to detect a control channel
of the control channels, wherein the control channels are aggregated in various aggregations based on
rate and wherein the searching of control channels aggregated based on rate is limited by searching
for selected resource payload sizes within certain aggregations among said various aggregations to
reduce decodig-85mpRexitP WHerEHE defatiftpayad 3fze iF KT LiAGle cOABNFEIE Ot HRited to any

or at least moge Hryrene agasegation, whereHaleast one padoad szerdsdimitedhy exclugion from at
least one aggr%g:ation, and Wherecipl said at Iegst oneéJa oad size Iirlited bﬁ echLils'on from_at least
U o) .

one aggregation’is fimited in-a tree comprising fotf & ]éé/egat%’hal%%l Yo &fgteqdtioR f&/eiof four and
eight control chiahhel elementseand exclydedlived agimegatiortevélsas oneard temoontea channel
elements. ACOIding 10 s aspectoMere 15 RIAXAREA naluansiipn GempHIE! feadaple medium
comprising program code with code portions for performing the method as defined in the fifth aspect

when the prograntRIFBAG-F Bomptitdt pédessing §8Fce. W coftfitg & a sebenthaspeetkhere is

provided an apparates conpiising ghleagheae proeessasandal leastonememarydnglading computer
program code the at least one memor and ][fhe comgugl_ser#I ogram code configured to, with the
processor, cause the gﬁb%%ﬁsn at 1e54567 afiGcats dittér {g n BP0 Tesdtitte efeMBINE to
different contrwbehadelsafithinaldefineutsignating stscturesosthat said cohrot thanmelstare
allocated differgptrasoucs,payoad sizes, at least one segourse element af gach senfrol ghannel
carrying information for a respective identifier used to detect thé control channel; and aggregate the
control channefSREILARG uEGISEGARMERT spERif ‘coRffol BRAANEIS ARG e ARl @Rannels into
various aggregatien svelaiwith commpiicondiahchannsis:irited-by axelusion fomatleasione
aggregation Iel\ﬁel ofasaid vlgrieous %%%regatsion Ievel§[, wherein said common coEtroI hannels are
limited in a tree comprising?our aggré:éajt’lorlﬁglels 8uarggre%gﬁ5ﬁ9e%/e?‘sogf fourant gight%%ntrol
channel elemeastauhéicinded roed aggrehatibpdevekrot ornelgind two controlfcharmmehiméements.
According to 81 el aseerd. (b2 sAIaViIded,an Appacaius eamPisin AL 163g! e prgggssor and

at least one memory including computer program code the"at least one memory and the computer
program codé-¥bhfigRréd td, WiftHeSdrot e85 ESuse the apparatus at least to: allocate differing
numbers of resource elements to different control channels within a defined signalling structure so that
said control CQF?@%%I% are allggategndiﬁg&e t fesource g,gloa ?fé%%’ at least one r.eﬁogrce element of
each control channe caﬁying information-ftor-a respgc ive'identifier used to detact the control channel;
and aggregatépire canus| champelssateoyaious aggtegatiensvaseessesigraliing atd ¢aesduce
decoding complexity and-limiting-selasted resqusce paygadsizes tq.ceytain agarggatipnsfrom among
said various aggregations to reduce decoding complexity, wherein a_default payload size is for a
single code wWoE nStSIRtEd tB4hy bRt IEQEEHGR R BQE%g%‘éﬁorE%fhEWHé%% &feduced
payload size smhater titen saitcteiawlbpayloashsize i hniteddnaexctugiondromiatdeast anre:
aggregation. A¢cording to aninth aspect, there.is provided an apparatus comprising at least one
processor and éf?e“éasr%ine %%%n%rﬁﬁaudiﬁbl %%%%terﬁ)grgr%s%ld“ect%e aﬁe%%?%g me%rr?ory and the
computer progisli evea torfiguiabio, witlktheeprocessohicause thtefppadtus agteabi imallocate
differing numhgrs,of ygseurcelements ta different.gontrel chapngls yithin, a defined sighalling
structure in that said control channels are allocated different resource payload sizes, at least one
resource elenferft'Steseh cERFACHRNATAHSRTY iffbRRgtorffor 4 FéectiiFid&iftitRYHiSEd to detect
the control chahaekand aggregate thercontrdl chiemnetslinieamriplispggregatioas based on signalling
rate to reduce, deqoding complexity andimiing selggled resqurce bayload sizes o geriain |
aggregations from among said various aggregations to reduce decoding compFexny, whéreln a default
payload size &farasinglesddegaikasttiimitetco appioral lexkaniotd thalrvie aggrégation,
wherein at leag{ Qrepayieadssizg ilimitad hyiexclusion fomatdeast ong aggregation.ang;wherein
said at least one payload size limited by exclusion from at least one aggregation is limited, in a tree
comprising foGPEHdfEGRESN RIS, o HHgi eFatif R KRS b idGeatr Sightontrof hanhéfélements
and excludedtfeom aggregation levelsrekete amd two £o0ifol chaanel eleents. Aceardigsto a tenth
aspect, there Jg,proyidect an apparatus comarising b leastons prgsesser and ahigast gne memory
including computer program code the at least one memory and't compaz[ér program code configured
to, with the processor, cause the apparatus at least to: receive control channels; and search for a
control channel by decoding received control channgls using an identifier, each of the control channels
comprising at least one control channel element carrying information for a respective identifier used to
detect a control channel of the control channels, wherein the control channels include user equipment
specific control channels and common control channels that are aggregated in various aggregation
levels with common control channels limited by exclusion from at least one aggregation level of said

various aggregation levels, wherein said common control channels are limited in a tree comprising four
anareaaatinn levvele t0 anareaatinn levvele of foirir and eiaht control channel elemente and aeaveliided from



of the control channels aggregated based on rate is limited by searching for selected resource payload
sizes within certain aggregations among said various aggregations to reduce decoding complexity,
wherein a default payload size is for a single code word not limited to any or at least more than one
aggregation, and wherein a reduced payload size smaller than said default size is limited by exclusion
from at least one aggregation. According to a twelfth aspect, there is provided an apparatus
comprising at least one processor and at least one memory including computer program code the at

least one meMBEFEAT th@@BARRfer FrdgEam tdde’nfigired i With tHEBIBCce¥sd calisé the
apparatus at feagt s decaivesegntegt channelssandiseaych feia eprirel changaldisdecagiag received
control channe%s usin(l;l an iden&ifier,ﬁach oithe control chanrheis co?glrisin at, Igaﬁ; cge (%ntrol
channel elem&RFESHING intSIATETON 8PS reSechive etifer Ukd 10 3Btettd Coftfoithannel of the
control channedsy Wivetteirs tre cohtrollchaihinets dry aggredatetdrasédon rate adesaid searching of
the control chg,% els ggated based on rate is limited by searching for selected resource payload
sizes within certain aggregations among said various aggregations to reduce decoding complexity,
wherein a default payload size is for a single code word not limited to any or at least more than one
aggregation, whetga shipast ene paylpadisize is dpuied by exclusion fram gleastane aggiegation,
and wherein said at Ietast one pa lpad size chmit](_ed bg/ exclusion from at least one aggrfgati%n is
limited, in a tr%g%%ﬁpr%?ngcf%u aéarlenggclti%n Ievg%, Fo ggngereé’art%%elg\sieolg of four nid elaﬁt control
channel elements anehexciudeddioni aggregation: feve|spof epesaindtwdeoingl chinnet @fements.
According to g thireenill aspegcistheig.is Bg?;\%‘!&%@” BPRAALLS COTY 'S@Sﬁge@#“féar gligcating

[

differing numbers of resource elements to different control"channels within a ed signaling
structure in th4t 58id EORroPARERRRCAre afGeated diffisrert PESRCE BayRiad <iz88 fat [BGst one
resource eleragriici£aeh cantrakahiamnnel eaimirg-nforamtion-fuiespectiveddentifier used to detect
the control chgngggggdtmeagggo%%ggrc aztliggﬂe CO{léroI. channeg, iEto v%rious a%gr ations based
on signaling fate to reduce gecodllfng compléexity and ﬂmltkllnlgnse%cteg réisnoeurcespla?/ 0ad Sizés to certain
aggregations fromiamong said vaious aggregations toeéducérdaoeding conplexity edwreid a default
payload size igfor-a single cade,word natlimited o any ok at Igast mare thag.ane aggregation,
wherein at least one payload size is limited by exclusion from at least one aggregation, and wherein
said at least SherBElGadPiz& Rifite § BY BXEfisiBR 3T at BAEEEIE dggragfdiristifitetAh a tree
comprising fodr aggregatian {evelsiw-aggregation levels of feur anskeight cantkol Channatelements
and excluded ffom aggregatign levels of.one and.two.canrel channel elements: Acgording to a
fourteenth aspeé-"t, theré is proviagg angappara us comprising: means for receiving Eontrol c%annels;
and means forggardivig fora doneoficlrannelignaddddiag reivetizomedistmndelsadingan
identifier, each gfthe contyol channelsgonpesing.atdeasi:one contiplehagnehelgment carying
information for a respective identifier used to detect a control channel of the control channels, wherein
the control ch&fnelsS&EhtegaR¥FRSARbUS 2 greddiBhs bETF G rate®ifll saitifesrtfing of the
control channetsaggregatedsbases opddieds linditesbidy searchingfossetecied vesotiuce payload sizes
within certain regations_among, said.various aggregations ta reduce decoding complexity, wherein
a default pay|<§§§ %}%eatls Fa s?r?g%e C(S)%I%e\:/vor%isnot%cﬁ"%teda to gﬁ? 8(#% leas r%orqev?ﬁefﬁ:l oﬁgtg
aggregation, whafeigat |68st 8he’ payffoad sizé ¢sirhitagomieexchssion dotn @ dsat oReiagyregation,
and wherein gfjeastanepayiead size i lipited by exglsion from af laask ong, aggregationwherein
said at least one payload size limited by exclusion from at least one aggregation is limited in a tree
comprising foliF 88grdfatiditfevelSR5 ag§Egaan i&kis F0uMERT Bight SGntrbl Rhanrié @fements
and excludeddrasn aggregationslexels bf eneahdiwo eanttalchannéhelaments. 1Accordingso an
embodiment, a method, comprises allgcar&intg (gfferin%lnurgber% of resource elements to#iﬁ‘erent

aggredat 1oy, S . I ee  COmMpIisiin our
control channe%g{/vfﬁ%n 4 defined 5|gna1'|ng StruGture So that said control cHannels are allocated
aggregation levels, to aggregation levels of four and

eight control <channel elements and excluded £from
aggregation levels o©f one and two control channel

elements.
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different resource payload sizes, at least one resource element of each control channel carrying
information for a respective identifier used to detect the control channel, and aggregating the control
channels into various aggregations based on signaling rate to reduce decoding complexity and limiting
selected resource payload sizes to certain aggregations from among said various aggregations to
reduce decoding complexity. According to an embodiment, a method comprises searching for a control
channel by decoding control channels using an identifier, each of the control channels comprising at
least one confrBFERERHYT elehfentaryRigtiRformaR6S for a fdapEetivelitlenifed(se8do d¥ect a

control channghgbthgrcantrebghannelsgvherein dhe seasghing ph eertrel,channpels aggregated based
on rate is limited by searchin%;‘or se%igted resource payload sizes Witggn certain a grri ations among
ent,

said various ag4ted&tiBhg Yo redtit B Geddding BBMpidxity Atling B5'&n &Mbod Fh‘apparatus
comprises ancallecatmmneunyit fandllochingodiffpritg numbers:eime soudee elemiis:toedifferent control
channels within gygefied signgling: sycture s 4aat sajd caniol. ehanpels are allocgied different

resource payload sizes, at least one resource element of each’ control channel carrying information for
a respective idERGHertise 8 BERICt tIFd@aedt ThanAéldand 8A%erede®®dn udit fePRtrel
aggregatingtheegntielchanpelginta@rioys aggregatensased oD signaling rale tosredycesgecoding
complexity and limiting selected resource payload sizes tq certain aggregations from among said
A0 1 Fecuce BCodTl CEAPIeRIT: Roording o o0 b SRTel 8 apfiaratus

various aggregaﬁzolnz% o reduce %gcodlng c6
comprises a pregessorccanfigurat 1o hllochtendifféring rmmardrs cflaesypumne elenfemtsiad different

control channels,within agefiped signalling strygture so thatsaid congrl channels arg allocated

different resource payload sizes, at least one resource element of each control channel carrying

information for a@eepectirFidertifier GSEF kP detetbaiE Eoritrol cafRER AndtBRgdiegaethe control

channels intoyiesiats Bggregations based oa gignatingdatestadeduee degeding cempigwdtysand limiting

selected resource pacyload sizes to certain aggre ations frogn among said various %%g{egations to
reduce decodffit plexity. According an%e£ hent: A dtus TBMprise hi
g complexity. According To an embodiment; an apparatus COMpPrses means for

a_llocaying differﬁtm}numb@gg;feresmir@e elbmaﬁgtov@ﬁftéremcwnml cchannelslvvithmaalxjeﬂ_iﬁed
signaling strugtis sg hatsaid.control channels,are allpcated different yesaurce paylopd sizes, at least

one resource element of each control channel carrying information for a’respective identifier used to

detect the coftfol ERdithel ZhEGHEarRIBT &g&ietRating tiesdohtrolIRrRER i VAriceE8g§Fregations
based on sigratingrate terediicedecadivg camptexiy ard linitingeselestaghiesouree paylgad sizes to

certain agaregatians from among, said varjous aggregations [0 redlice decading egmplexity, According
to an embodiment, an appartaus comprises a réceivertor receiving control channéels; and a decoder

for searching ¢grg&controbettarmel bycdegoting ressiveag vostrol eahnelsxsingdad iderdtifieom, each of
the control Chgxgg%lég%omwﬁin%tdsa%t ongzcongrgl.channgl elemgnt cagpying, information der a
n

respective identifier used to detect a control channel of the control channels, wherein the control

channels are $§§R%FE based on rate and

According to an eleventh aspect, there is provided an
apparatus comprising at least one processor and at least
cne memory including computer program code the at least
one memory and the computer program code configured to,
with the processor, cause the apparatus at least to:
receive control channels; and search for a control
channel by decoding received control channels using an
identifier, each of the control channels comprising at
least one control channel element carrying information
for a respective identifier used to detect a control
channel of the control channels, wherein the control

channels are aggregated based on rate and said searching

of



said searching of the control channels aggregated based on rate is limited by searching for selected
resource payload sizes within certain aggregations among said various aggregations to reduce
decoding complexity. According to an embodiment, an apparatus comprises a processor configured to
receive control channels, and to search for a control channel by decoding received control channels
using an identifier, each of the control channels comprising at least one control channel element
carrying information for a respective identifier used to detect a control channel of the control channels,
wherein the c®htrot Bfanfé18 8Fe AggFdated bised SHHats &4 sakPS&Fchiy ofthERontdl channels
aggregated based eadatesis Waiedbyrsearchingden selested reseiiee Paylead sizes within certain
aggregations among said various, aggregations to reduce decoding complexity. According to an
embocment G dghratuS SonbHEes mARRE TEELE g coRTIGhannER And mEkhe B searching
for a control chmemebby devedingaecewédwsontidd: chdimels ustmgrdeidertifier, wdaeheofithezcontrol
channels comyyising at Ielggg,gggﬁong@z@arﬂel ekecggentaca@gg%irgor@gg%n fora-espgctive

identifier used to detect a'control channel of the control channels, wherein the control channels are
aggregated bhsBd bRidafeati¥aidSedichirRPEthBEERrERGIarrRls ARFEgIRbI edBirate is
limited by seargbipg far selecieshrespuree nadeadsizes withinicertaithagoregationgraeng said
various aggregations tp redt{i:e detccr)#ing complexité(. According.to an emtlé)odirgent a computer
readable me |&r%ecom%)‘?|ses r;'“rrgﬁrae coé)é/ witlF code’ B(%ﬁ’i%ns o?%nérfor%lngt %E’\‘rﬁgthoéD gccording to
any one or batgginaghiche@ase there are at least two such computer readable media) of the first or
second aspects when the program is run on a computer processing device. In an embodiment, a
default payload size may be defined for example for a single code word such as a payload size "A"

and not limitedI6 AR Gt%t 1685t Rorétahféte paRReRF sizéBfdiegatitn &ER)GHEGat o of CCEs.
In an embodigeps @ payoadsige tefingd far ailpldet coge: wpkthseehsas paylaadisize B greater in
payload size than the default J;_)a}él](_)ag Size A, may be limited bly exclusg)n f[&ﬁf}a at Igasf one.
aggregation. ffi'&n embodiment, a reduced Bg%aa %raylgga iUt % pay 0ad size T Smaller than
the default sizend, maybeiimited bilexclasiopditorr adcestene aygiegationfOmthedther hand, the

payload size {;gauld ,pgelimggg by exglusion. from.all g%th%&gg%ttwreggtiomeg&to bg understood-

that various payload sizes may be used and also that such may also be used in any suitable
combination B&Sides’the 1o iR} exdmpfeRedtter dHétts ERGFERUresSfill b_cofr@ pifatent from
the following detailad dessyiptipaceansigdereckibeeoRgaclianwith theaceampaaying drayvings. It is to be
understood, however, that the drawingﬁ,far% esi%ned soI?Iy 1:: r purpgses of illustration and _not as a

definition of limi %%Eﬁ.fl%%%ulae B 1i’lurt er unders o%%ttﬁg the rawmgg are ot drawn fo gc%Ie and that

they are merelgast one control channel element carrying information
for a respective identifier used to detect a control
channel of the contrxocl channels, wherein the control
channels are aggregated based on rate and said searching
of the control channels aggregated based on rate 1is
limited by searching for selected resource payload sizes
within certain aggregations among said various
aggregations to reduce decoding complexity, wherein a
default payicad gize is for a gingle code word not
limited to any or at least more than one aggregation,
wherein at least one paylocad size is limited by exclusion
from at least one aggregation, and wherein said at least
one payload size limited by exclusion from at least one
aggregation is limited, 1in a tree comprising four

aggregation levels, to aggregation levels of four and
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intended to conceptually illustrate the structures and procedures described herein. BRIEF
DESCRIPTION OF THE FIGURES Fig. lis an illustration of a reduced decoding tree with use of
aggregations limited according to control signaling payload size, according to an embodiment. is a
simplified flowchart showing steps that may be carried out in a network element, according to an
embodiment. is a simplified flowchart showing steps that may be carried out in terminal, according to

an embodiment. shows a system, according to an embodiment. shows a signal

rocessor suitable for

use in the ter@irditthe REMIGIR £lemendidibbth. 2UEDETAR EDPDESCRIFCADREd  from

aggregation levels o©f one and two control

elements.

channel

According to a thirteenth aspect, there is provided an

apparatus comprising: means for allocating differing

numbers of resource elements to different
channels within a defined gignaling structure
said contrel channels are allocated different

payload sizes, at 1least one resource element

control
in that
resource

of each

control channel carrying information for a respective

identifier used to detect the control channel;
for aggregating the contrel channels into

aggregations based on signaling rate to reduce

and means

various

decoding

complexity and Iimiting selected resource payload sizes

to certain  aggregations from among said

various

aggregations to reduce decoding compl@kity wherein a

default pavload gize 1s for a single code word not

limited to any or at least more than one aggregation,

wherein at least one paylocad size is limited by exclusion

from at least one aggregation, and wherein said at least

one payload size limited by exclusion from at least one

aggregation is limited 1in a tree comprising four

aggregation levels to aggregation levels of

four and

eight «contrel channel elements and excluded from

aggregation levels of one and two control

elements.

channel

According to a fourteenth aspect, there 1is provided an

apparatus comprising: means for receiving

control

channels; and means for searching for a control channel

by dececding received control channels using an

identifier, each of the contrel channels comprising at
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The detailed content described below arose in the context of developments underway in the downlink
(DL) part of the 25 Third Generation Partnership Program (3GPP) Universal Terrestrial Radio Access
Network (UTRAN) long term evolution (LTE) often referred as 3.9G but is not limited to that context. 30
LTE defines a packet radio system, where all channel allocations are expected to happen in short
periods of sub-frames. This is contrary to the older 3G systems, where dedicated signalling channels
are necessary to be set up even for packet traffic. It is also different from WLAN (Wireless Local Area

Network) type-8f&lfocativhs, ¥iHierE @acH iR iR neEPFOIGES) padkattiaibmissisireGitams a

transport heagdef- 5 According ta LTE techrglogyiali-alloeatipns-are signalied in Shased control
Channels, Whi%h are [%rese tin Ebrst multi-carrier symbols Foa];ta sub-frame preceding multi-c?tr)rier

symbols of datd ThaRfiels” The dohtrdt RHEAREls 8% &pardiely CBHEEE That i€19 dSWAIMIC(or 10
uplink) channehsdigitied ate tveggepgrate garts; one fareontrabgne gae fondatasEleeldata part

- (PDSCH) carg_g& downlink (or upligk) dgéaagqéﬂrggltgngguslyt%edgﬁgﬁ@gﬁs, Wgyl%m?eﬁ%ntrol part

(PDCCH) carries (among others) allocation information for the sche 15 users. Forward Error
Correction (FEEJEddheSS udedS@all-biing EGivluiGnallcotindA PhysieaPrDeWATAEk SHeFed Control

Channel (PDgeCébouich carsigs (ameong ofhers)allpcation inkrmation 91120 simyliaRequsly
scheduled users of a communication network_system.is arranged to a tree structure consisting of

multiple contr%?gﬁgr%aerr %?er?ﬁen?sz?%ﬁattgﬁé(ﬁl verSidA Of BucR e ed it ifr %ig.xfdél&? fo
instance Figude 7@l RIG071008, 8@ PP/ TSE AN WG h#48cMeetliy, Batbuig] size is

for a single code word not limited to any or at least
more than one aggregation, wherein at least one payload
size is limited by exclusion from at least one
aggregation, and wherein at least one payload sgize 1is
limited by exclusion from at least one aggregation,
wherein said at least one paylocad size limited by
exclusion from at least one aggregation is limited in a
tree comprising four aggregation levels to aggregation
levels of four and eight control channel elements and
excluded from aggregation levels of one and two control

channel elements.

According to an embodiment, a method comprises
allocating differing numbers of resource elements to
different control channels within a defined signaling

structure so that salid control channels are allocated
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25 USA 12-16 Feb, 2007. During decoding, a UE (User Equipment) will combine or aggregate the
control channel elements to create different code blocks or control channel candidates. Each code
block is called a control channel candidate as it potentially carries information 30 for one MAC
(Medium Access Control) ID. The MAC ID is used by the UE or by a group of UEs to detect the
channel. At each level of the tree, each node represents a single control channel of a code block. The
number of the control channels at the lowest level of the tree is deteititined by the system bandwidth
and number GHOEBNEEMBSHS AtiafatRe 1ok RE lafdet Todeblodi@a a5 welas #fESESH the control

channel elementsn &ty notle f the treg wvhigh ismeteccupied By anepnirekehannel dm5 His level, is
available for the next level of the tree as tviq control channels, egt;h of which are half of the size of the

control chann@l at theisarent fode- T sy/stérh bahtfith E8nsiSitg fa giveh nuRTBEr st Sub- 10
carrier resourcbsmnma/be dmdudd teagietggei multiptéref the dargesticontrbbcimairels. &ngiwen node of

the tree i.e. aﬁ}ggagb-%ﬁ'g@g%%éns@gg&o%st gg%%gggt(éol ggqﬂpeltg th_eelg[lg:eest code

block, of up to two control Thannels of the second largest code blocKs or 15 up to four control channels
of the smallest&oReBI5cks TCHER- EFtFA chaitiel extéfd<dmirely 82CRESRst NGEBWFS¥mMbols,

which are availaplestod thecpaol ebansels: dha cepjeptehannels snay bemdistihstied tathes20
sub-carriers over the system bandwidth to maximjze the freg en% divers;%. As each control channel

has to be uniaf&eﬁfl?&lesntﬁi%g%?/gg M?Dt f?carﬁ %Cceorﬁ{ﬁﬁ Ff(?’(@ féllj-ié’dundancy

According to an embodiment, a method comprilses

gearching for a control channel by decoding control
channels using an identifier, each of the control
channels comprising at least one control channel element
carrying information for a respective identifier used to
detect a control channel of the control channels, wherein
the searching of control channels aggregated based on
rate 1 limited by searching for selected resource
payload sizes within certain aggregations among said

various aggregations to reduce decoding complexity.

LAccording to an embodiment, an apparatus compriges an

allocation unit for allocating differing numbers of
resource elements to different control channels within a
defined signaling structure so that said control channels
are allocated different resource payload sizes, at least
one resource element of each control channel carrying
information for a respective identifier used to detect
the contreol channel; and an aggregation unit for
aggregating the control channels into various
aggregations based on signaling rate to reduce decoding
complexity and limiting selected resource payload sgizes
to certain aggregations from among said various

aggregations to reduce decoding complexity.



25 Code) by partly masking CRC bits with the MAC-ID. As the MAC ID is used for addressing both UE
specific control channels and common control channels, it is reasonable to define the MAC ID in a
compatible way. Thus, reception of any control channel is possible by filtering control 30 channels with
the respective MAC ID. Error detection is available from the MAC ID masked CRC. The length of the
MAC ID is matched to the C-RNTI (Cell Radio Network Temporary Identifier) length. The method also

comprises allocating differing numbers of resource elements to different control channels within a
defined signafifig SHitRFet$d Hat THE Corftertharfiel§BF& Afbekte 8 UNFreRE FeSburce payload sizes.
At least one rpsauree elemenbaf eachreantrekchaimebcarttes infafmationdor atnespective identifier

used to detect the control channel. After all c%tpn the cantral channels are aggregated into variously
sized aggregé:tleosn%u(ﬁcc?on?%%%%ltﬂﬁe%ﬁe%éntse(j&%ﬁs)%%rslo‘é %% Scljgnaél |ﬁ§$§te g%rél&t?ceadecoding

complexity atdgé ievasinals IRrehe} 1actorditigr 10 oLtife te@chingsifeof sselebted rsbuifde payload

sizes may be dimitatocedain size aggregationsdrpamongdhevargusavailable aggegations in
order to further reduce decoding complexity. Once the signaling is setup, it is sent to the terminals

from the netwdrk etémeht. P5'As WAFHE AR Te Ga88%Tom A fof8Ging ARt dthte BT the
embodimentscdaeseyibed betofvoenaoimiink rasource @lipeatton/sigialingtontthePhyseeal Bownlink

ConUO|Changngg¥:%ﬁgb@3£§%%ﬂdg%éﬁggfgtgﬁgh%o aggregate the control
channels into various aggregations based on signalling
rate to reduce decoding complexity and limiting selected
resource payload sizes to certain aggregations from among

sald various aggregations to reduce decoding complexity.

According to an embodiment, an apparatus comprises means

for allocating differing numbers of resource elements to
different control c¢hannels within a defined signaling
structure so that said control channels are allocated
different resource payload sizes, at least one resource
element of each contrcl channel carrying information for
a respective identifier wused to detect the control
channel; and means for aggregating the control channels
into wvarious aggregations based on signaling rate to
reduce decoding complexity and limiting selected resource
payload sizes to certain aggregations from among said

various aggregations to reduce decoding complexity.

According to an embodiment, an appartaus comprises a

receiver for receiving control channelg; and a decoder
for searching for a control channel by decoding received
control channels using an identifier, each of the control
channels comprising at least one control channel element
carrying information for a respective identifier used to
detect a control channel of the control channels, wherein

the control channels are aggregated based on rate and

7



20 invention is not limited to the described embodiments or to downlink resource allocation. As
suggested above, the resource allocation signaling bits indicate which physical resources are being
allocated for a given user. When deciding on the 'way forward' at the last 3GPP 25 meeting (in
Athens), a consensus was made (document R1- 073870 as well as 3GPP reflector e-mail
discussions), indicating that there should potentially be three possible PDCCH payload sizes for
indicating downlink resource allocation grants. 30 These sizes are somewhat different in nature, as
they serve différéfit piepasEslng thstdiddissuro el dehaimbse a1EESIA IR dandes e should be

realized that thesersizes are exermnlasuin paiurganeihaydakeda3 difarent lams-JAsshertdescription
of these is given (@the following: fa A: Normal PDCCH payload S|gnal|ng which is mtended 5for a

single codewBit (fifle ST uskr,WHith Certain  aggregations among said
various aggregations to reduce decoding complexity.

According to an embodiment, an apparatus comprises a

processor configured to receive control channels, and to
search for a control channel by decoding received control
channels using an identifier, each of the control
channels comprising at least one control channel element
carrying information for a respective identifier used to
detect a control channel of the contrel channels, wherein
the control channels are aggregated based on rate and
sald searching of the control channels aggregated based
on rate ig limited by searching for selected resource
payload sizes within certain aggregations among said

various aggregations to reduce decoding complexity.

According to an embodiment, an apparatus comprises

means for receiving control channels; and means for
searching for a control channel by decoding received
control channels uging an identifier, each of the control
channels compriging at least one control channel element
carrying information for a respective identifier used to
detect a control channel of the control channels, wherein
the control channels are aggregated based on rate and
said searching of the control channels aggregated based
on rate 1is limited by searching for selected resource
paylocad sizes within certain aggregations among said

various aggregations to reduce decoding complexity.

According to an embodiment, & computer readable medium
comprises program code with code portions for performing

the methods according to any one or both (in which case

8



needs full flexibility in terms of freedom for scheduling. This option is to be seen as the default mode of
operation, as using it for control channel signaling will provide the option of packet 10scheduling in the
frequency domain. B: Dual code word user, which is operating two streams at the same time (MIMO).
Due to the extra signaling associated to the second codeword, this payload size is larger than A. This
control channel 15signaling is primarily targeted at increasing the peak data rate and throughput for
the good channel condition users. C: Reduced size payload, which will have the same size as an
uplink resourde giemit. #fveder, FERRR0IMD bRUEhsAMIILER thersarialphysic@dasiureds as the

uplink assignmgatsg wegisk sausingan largaivecheaghion therpssgeiated yplink controlehannels. This
payload size will be smaller than A. Another example for this reduced payload size could be

25extremely SOMPAtt FEsEHEHABDERFor EGhSRg for common channels such as dynamic broadcast
channels. A problem in this context is that either the payload sizes that the UE will listen for will have
to be In an embodiment, a default payload sizermay be defined
for example for a single code word such as a paylcad size
“A” and not limited to any or at least more than one

particular size aggregation or aggregationg of CCEs.

In an embodiment, a payload size defined for a plural
code word such as payload size B, greater in payload size
than the default payload size A, may be limited by

exclusion from at least one aggregation.

In an embodiment, a reduced payload payload size such as
payload size C, smaller than the default size A, may be
limited by exclusion from at least one aggregation. On
the other hand, the payload size C could be limited by

exclusion from all but the largest aggregation.

It is to be understood that various paylcoad sizes may be
used and also that such may alsc be used in any suitable

combination besides the foregoing examples.

Other objects and features will become apparent from the
following detailed description considered in conjunction
with the accompanying drawings. It is to be understood,
however, that the drawings are designed solely for
purposes of illustration and not as a definition of
limitation. It should be further understood that the

drawings are not drawn to scale and that they are merely



30 restricted, or alternatively the UE will have to attempt to decode a lot of control channels using
different rate matching factors to investigate whether it is being scheduled. It should be noted that the

exemplary three different payload sizes may have fixed sizes, and that tfll)e Ph figgl Oczh,zzalpnel capacity
may also be"tiRedEH* 4ok rtain level of aggregation, so there will be a fixed SErof rate f"natching factors

to consider when 5 implementing this in a real system. In the following, we will present a way to reduce
the total number of decoding attempts for the PDCCH while still providing flexibility in terms of allowing

for 10 multiple payload zes forthe same - Foy instance ap.embodipentis (o jigpduce a set of
limitations on where the differen payload sizes are a lowedin a control channel element aggregation

'tree’. 15 FollowirRFE@sBdinitarrsl e NerleeBwill have a large flexibility for scheduling users, while
the UE will have an option for still keeping the number of blind decoding attempts at a quite low

number. 20 Tf;élﬁiggc%@%%%oﬁagpi%oﬁ&%Ee%nbodiment hereof, as shown in Fig. 1, a
ing ' i ha

reduced deco ree’ 1S used in'such a way that use of its aggregations are limited according to
control sighaling payload size. It should be noted that the darkest (cross-hatched) areas 25 denotes

the control chapnel elements @aditheliagaregations) that-will petentialy-herdecogded using the default
assumption of a payload size gf A beiits %e.d all levels.of asgggg%\gticor%are a\é%il ble f%payload size A
u

searches. As a variation ot this embo |men9?,95§ﬁ855%?ze Sould be excluded from one or more

aggregation levels but notexelikied PéATELIEASt BFY b9FFegation 1edeISORSE! Weuldmlso investigate
control channel candidategmpodiment .

10  Fig. 2 ig a simplified flowchart showing steps that may
be carried cut in a network element, according to
an embodiment.

Fig. 3 is a simplified flowchart showing steps that may
be carried out in terminal, according to an.

15 embodiment .

Fig. 4 shows a svstem, according to an embodiment.
Fig. 5 shows a signal processor suitable for use in the

terminal, the network element, or both.

20 DETAILED DESCRIPTION

The detailed content described below arose in the context
of developments underway in the downlink (DL} part of the
25 Third Generation Partnership Program’ (3GPP} Universal
Terrestrial Radio Access Network (UTRAN) long term
evolution (LTE) often referred as 23.9G but is not limited

to that context.

30 LTE defines a packet radio system, where all channel
allocations are expected to happen in short pericds of
sub~frames. This is contrary to the older 3G systems,
where dedicated signalling channels are necessary to be

set up even for packet traffic. It is also different from

10



at CCE level 2 to investigate whether payload size B was 15 used here since, according to this
embodiment, aggregation of signalling having payload size B is limited to aggregation level 2.
Slmllar]y, at CQE;(%%%{}% ation level 8, pqyload size C is alsq used as an %89&9%({950§§?Ch'n9 since,
according to thid"&mbo Iment, aggregation of signalling having payload size C Is limited to aggregation
level B. It should be noted that these aggregation levels of 2 and 8 above are merely examples of such
limitations. One could also use one or 10 more other levels of aggregation designated for specific

control chann% Ioggj]@iégé %%clﬂgigglsiﬁﬁgoﬁgi%g;%d p%eé In.mare, detall,; considering Fig. 1, it is

seen that we 15 have alrea own a decoding tree reduction (as mentioned in EP 07107652.5).
According to tHAREFSCUFRERL, Bftrdd BESich for BEQFEGAReY doREOT EhaRABETS F8dGEd in a systematic
way, which restdtsdia i sigaificast egdisetion=afdbe number of decoding attempts at the UE 20 (User
Equipment) side, while still maintaining most of the scheduling flexibility in the eNB (evolved Node B),
i.e. a beneficial system spectral efficiency versus LIE complexity trade-off is obtained. According
further to that A66GReRESt \Fdﬁsragguﬁ%};@%}%éfre WotldHotBer D5 arge @mount of users having
the same propagatian veaditionstheing scbaduled atthersame time:. dhextreepeduetion is obtained by

putting some limitations_on the tree struc yre eitgfi% ion. Now,based on the decading tree, we
will make a defaul égg’t}mg‘%er?%ha%aargé IS always sc eduler us?—ng pa)gload s%"e . This will be the
assumption foFl pbssibie é6atreeHmhel eAndrfateshannels. Tohe control

channels are separately coded. That is, a downlink {or
10  uplink) channel is divided into two separate parts, one

for control and one for data. The data part (PDSCH)

carries downlink {or uplink) data for simultaneously

scheduled users, while the control part (PDCCH) carries

(among others) allocation information for the scheduled
15 users. Forward Error Correction (FEC) coding is used

(tail-biting convolutional coding) .

L Physical Downlink Shared Control Channel (PDSCCH} which
carries (among others} allocation information for

20  simultaneously scheduled users of a communication network
gystem is arranged to a tree structure consisting of
multiple control channel eiements. A flattened wversion of
such a tree is shown in Fig. 1. See for instance Figure 7
of R1-071003, 3GPP TSG RAN WGl #48 Mesting, 8t. Louis,

25 YUSA 12-16 Feb, 2007. Duiing decoding, a UE (User
Eguipment} will combine or aggregate the control channel
elements to create different code blocks or control
éhannel candidates. Each code block is called a control
channel candidate as it potentially carries information

30 for one MAC (Medium Access Control) ID. The MAC ID is
used by the UE or by a group of UEs to detect the
rhannel. At each level of the tree, each node represents
a single contrel channel of a code block. The number of

the control channels at the lowest level of the tree isg
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Now, if we are scheduling a UE, which is about to receive dual code word MIMO, we know that this
user is having relatively good channel conditions, and following this, such a user would typically be
scheduled using only a few 5 control channel elements. In Fig. 1, we hav. Haﬁ _ regation size of
two control %%%%eé’f‘}épéﬁ%ents (at aggregation level 2) as the basis for thelié ug?%‘gc})0 g%\;ord
transmissions, as already suggested above. We might as well have chosen aggregation level 1 or
even both 10 levels 1 and 2 for this. The main thing here is that we use prior knowledge of which

propagation cogéjtitcieormm. we &N%uldttggic y.use the payload size B n, In 1his yay,we do not have to
search all the way up tjhrough the deco ing tree for payload size E. 15 Corresponm , when

considering pa§HRRPSiZe™T B0 maltl &rdutteti’ that@estoRadFpicany e A uration in
coverage limited:cases fiasically wraeesha lawereading ratel efthecRDCGH inoeddertd provide 20
better coveragg%eTTh#séﬁjit makeslittle ot no sense 19 sghedule a good chappel, gandifign use with a

payload size of C. erefore we suggest to limit the possible 'positions’ in terms of aggregation levels
also in thi$ casetba W ot eveh Gitig &isiRgR adijrebRfioffévellevel of the tree

as two control channels, each of which are half of the

size of the control channel at the parent node.

The system bandwidth consisting of a given number of sub-
10 carrier resources may be divided to an integer multiple
of the largest control channels. A given node of the tree
i.e., a zet of sub-carriers can for instance consist of
one control channel of the largest code block, of up to
two control channels of the second largest code blocks or

15 up to four control channels of the smallest code blocks.

Each control channel extends entirely over the first n

OFDM symbols, which are available for the control

channels. The control channels may be distributed tc the
20 sub-carriers over the system bandwidth to maximize the

frequency diversity.

As each control channel has to be uniguely identified by
a MAC ID, it can be combined to CRC (Cyclic Redundancy

25 Code) by partly masking CRC bits with the MAC-ID. As the
MAC ID is used for addressing both UE specific control
channels and common control channels, it 18 reasocnable to
define the MAC ID in & compatible way. Thus, reception of
any control channel is possible by filtering control

30 channels with the respective MAC ID. Error detection is
available from the MAC ID masked CRC. The length of the
MAC ID is matched to the C-RNTI (Cell Radio Network
Temporary Identifier) length. The method alsc comprises

allocating differing numbers of rescurce elements to

12



25(the highest level 8), i.e., by excluding payload size C from aggregations at levels other than level 8,
as already suggested above. Alternatively, payload size C could be excluded from all but the largest
sized aggregations of CCEs (e.g., limited to levels 4 and 8). 30 Using thi have a
situation wh&rg WEN&eAse the total amount of decoding attempts, While% g’? f%‘%g gﬂg/r?ﬁﬂe%t?r%e we provide
a lot more flexibility in teims WO 2009/040653PCT/1B2008/002527 of dynamically switching between
the different payload sizes. A default payload size may be defined for example for a 5 single code

word such as he-aboye desgubed payioad:-siae wh':and not imitedda any pariigular size aggregation

or aggregations of CCEs. A payload size defined for a plural code word such as 10 payload size B,

greater in payREISF&HFarf the BefauitiFayioRd Sk ALATRAIE iR dDYLEAGS0N from at least one
aggregation. Aiteduceshpaylead size=suety aspaytoad:size2E, dmaker one resource

element of each control channel carries information for a

5 respective identifier used to detect the control channel.
After allocation, the control channels are aggregated
into variocusly sized aggregations of Control Channel
Elements (CCEs} based on signaling rate to reduce
decoding complexity at the terminals. Further, according

10 to the teachings hereof, selected rescurce payload sizes
may be limited to certain size aggregations from among
the various available aggregations in order to further
reduce decoding complexity. Once the signaling is setup,
it is sent to the terminals from the network element.

15
As will be appreciated from the foregoing, we concentiat@
in the embodiments described below on downlink resource
allocation éignaling on the Physical Downlink Control
Channel (PDCCH) but it should be realized that the

20 - invention is not limited to the described embodiments or
to downlink resource allocation. As suggested above, the
resource allocation signaling bits indicate which
physical resources are being allocated for a given user.
When deciding on the ‘way forward’ at the last 3GPP

25 meeting {(in Athens), a consensus was made (document RI1-
073870 as well as 3GPP reflector e-mall discussions),
indicating that there should potentially be three
possible PDCCH payload sizes for indicating downlink
resource allocation grants.

30
These gizes are somewhat different in nature, as they
serve different purposes. In this disclosure, we will
denote these values: A, B, and C. It should be realized

that these gizes are exemplary in nature and may take
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15 than the default size A, may be limited by exclusion from at least one aggregation. On the other
hand, the payload size C could be limited by exclusion from all but the largest aggregation. Such may
be visualized by referrin_g to Figure 1 wherein the C sized payload size |SPI5M§90§§90@§5179 illustrated

tree (compri‘é’iﬂﬁ%’lﬂ%%’gregaﬂon size levels) to aggregation levels of four and eight control channel

elements and excluded from aggregation levels of one and two control channel elements. 25 It is to be
understood that the foregoing payload sizes and limitations on allowed aggregations are presented

merely as exemplary,embodiments thatare potdyapyfeans gxhaustive oftheipessibiliies. It will
also be understood that the illustrated aggregations are 30 themselves merely illustrative and may also
be used in anfgtﬁtd%?éjc%‘fﬁﬁﬁﬂétion of aggregations and limited for use by any other suitable payload

size according to the teachings hereof. Fig. 2 is a simplified flowchart showing steps of an exemplary

method that may be carmgd ulin aietyork slements acearing fo s teachinas heteel. o After
entering in a step 30, ‘the nétWork elementaitocates resburce eleéments in a step 22 to the terminals
and prepa¥es the necéssary intareiRior R PRYSicAP HEWinR ool chaffelsHPEFECHS) for carrying

scheduling assignmenis.and pther congsel inforrmatian te 4obederninadsidm acsiep 24, a PDCCH is
e o A 1 R TRt 20059 1,415 Pl gt sments
mode of operation, as using it for control channel
signaling will provide the cption of packet
10 cheduling in the freguency domain.
e B: Dual code word user, which ig operating two
gtreams at the same time (MIMO)}. Due to the extra
signaling associated to the second codeword, this
payload size ig larger than A. This control channel
15 signaling is primarily targeted at increasing the
peak data rate and throughput for the good channel

condition users.

e (: Reduced size payload, which will have the same
gize as an uplink resource grant. However, if this
20 iz to be transmitted on the same physical resources
as the uplink assignments, we risk causing a larger
overhead for the associated uplink control channels.
This payload size will be smaller than A. Another
example for this reduced payload size could be
25 extremely compact resource allocation signaling for

common channels such as dyvnamic broadcast channels.

A problem in this context is that either the payload
gizes that the UE will listen for will have to be

30 restricted, or alternatively the UE will have to attempt
to deccde a lot of control channels using different rate
matching factors to investigate whether it is being

gscheduled. It should be noted that the exemplary three
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15 comprise for instance thirty-six resource elements (REs). The available aggregations of CCEs have
a tree structure such as shown in flattened form in Fig. 1. Limitations such as described above are
introduced qn where different payload sizes are allowed in a control chagjﬂﬁgm&ng%aggregation
‘tree’ such a¥ the fIAteREd tree of Fig. 1. The PDCCHs are FEC encoded and aggregated (rate
“matched) to the 1, 2, 4 or 8 CCEs. The CCEs of the FEC and rate matched PDCCHs may be placed in
a row of possibly different CCE aggregation sizes, possibly with gaps in 25 between due to placement

resirictions- DYy glements maypeadded sgdhallhe RICGHS ocaupy igwhplespace reserved

for PDCCH transmission (e.g. Irst three symbols of a seven symbol slot of a two slot sub-frame of
0.5 ms duratioR}eTREBREKee! Bt hé SBRFABRE IR with SPcdIPspedifi€ ségtefice. The scrambled

bits may be QRSK-mpdulated. The abevedescdbed downtisksesaurtetadlogatiamsignaling may for
instance use the o nclature of 89366 lled a}%gg@gnlé gp(p(grr% Infarmatian (DCI) that transports  control

information forc“lsgne ACT . ewm%ﬁ Is implicitly signaled in a CRC. Error detection may be provided on
DCI transhissigizisyeie-dylictretiindandy theek YERE bits scrambled with the UE identity. After
CRC attachment the 5 information bits are convolutionally encoded and rate matched to length of 1, 2,

4 or 8 CCEs. Simil rtogw talready described above there may be. differeat DCl formats that may use
different nome“h%la%lree (gﬁlﬁgelcfl bove that are%useesd for c%nveé?ing di%erent €Ie<inds of 10 information.

In similar fashiemtas tHatahesdy debefpténshove: TR eS8 f thé Fortratsim Y bk bandwidth

dependent. In gdditionthete aiaybe sexeralbroadeastformatsoFrovidesly ivherecatl UEs are

addeSq% multiple payload sizes for the same UE.

For instance an embodiment is to introduce a set of
limitations on where the different payload sizes are
allowed in a control channel element aggregation ‘tree’.
15 Following these limitations, the Node B will have a large
flexibility for scheduling users, while the UE will have
an option for still keeping the number of blind decoding

attempts at a guite low number.

26 Thus, according to the teachings of a first embodiment
herecf, as shown in Fig. 1, a reduced decoding tree is
used in such a way that use of its aggregations are
limited according to control signaling payload size. It
should be noted that the darkest (cross-hatched) areas

75 denotes the control channel elements (and their
aggregations) that will potentially be decoded using the
default assumption of a payload size of A bits, i.e., all
levels of aggregation are available for payload size A
searches. As a variation of this embodiment, payload size

30 A could be excluded from one or more aggregation levels

but not excluded from at least two aggregation levels.

A user would also investigate contreol channel candidates

at CCE level 2 to investigate whether payload size B was
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15 The rate matching for the convolut onally encoded control information comprises interleaving a
plurality of bit streams followed by a collection of bits from a circular buffer for example. One PDCCH
may for instance always produces a bitstream from the rate matching unit that has 20 a length of 1, 2,
4, or 8 CCE¥G MY signaling is then sent in a step 26 from the netWoFkBIEHEMGUer a wireless
interface to the terminals and a return is made in a step 28. 25 The consequence of introducing a set
of limitations on where different payload sizes are allowed in a control channel element aggregation
“tree’ such as the flattened tree of Fig. 1 and as set forth accor ing to the method of Fig. 2, still gives
the network el8fizRt (€ 5° SNBGE 307518 Targestegres ot fleXbilty for Scteduling users, while the
terminal (User&Eguiparentowiliciavel anoptiondorkedpingnhe nmdberiakblididecoding attempts at a

quite low numbsry iFige 3ts a-simplified flowchastshawing siens that may becgarried out in terminal,
according to an embodiment. Such a method gfter entr}é in a step 30 magﬁcomprise first of all deciding

in a step 32 baSEH 67 pHoPRnOMStye of 5 PropEgation Corditing t6* Se&thrd&od® differently sized
signaling payloadsiinra ey lrsited asshowimior instance i Fg. toto- bertainnaggtegation levels such

as level 2 usingpayload size B orlavel 81using paylead;sige & inthesprasence of certain
corresponding_propagation 10 conditions. The terminal then searciwe differently sized signalling

payloads in the HBEIEd (o HRfEdRhay for s €ontrdl chanrial TiteRdBa 8Pt By detdding control
channels using ansdentifierdmiongingleitds shéwh inadstepdhEactref thersantrol channels will

comprise at 13.least one coptrgh channelielgment carrying inforraation for a;cespectivg-terminal
identifier used to detect a control channel of the control channels. The_searching of control channels
may be ofariB8E aggr&gRtiorefnfed n ﬁ?eg&?é’paét&fjfhe‘%@dr%ﬂabtaes%dfgﬁ rAA8°SUER A search 20
may for instancebhedimitethbyrsehrchingdedseleetesl resolrel payl®adesizesexpected to be found
within certain aggregations ageng the various aggregations to reduce decoding complexity. The
terminal may then succeed in more easily and quickly identifying signaling 25 belonging to the terminal
among the differently sized signaling payloads that are searched/decoded as shown in a step 36. If so
identified as sHowmdirra siep 88} theidentified signding-may then e gsethbgithé terminal for finding,

demOdUIaang ﬁ@@g%}@g%@s un.Lata Qf@M@@ing tree reduction (as

mentioned in EP 07107652.5) . hccording to that document,
z tree search for aggregated control channels is reduced
in a systematic way, which results in a significant
reduction of the number -of decoding attempts at the UE

20 {Ugser Eguipment) side, while still maintaining most of
the scheduling flexibility in the eNB (evolved Node Bj,
i.e. & beneficial system spectral efficiency versus UE
complexity trade-off is obtained. According further to
that document, it was assumec that there would not be a

25 large amouni of users having the same propagation
conditions being scheduled at the same time. The tree
reduction is obtained by putting some limitations on the
tree gtructure by specification. Now, based on the
decoding tree, we will make a default assumption that a

300 UE is always scheduled using pavload size A. This will be
the agssumption for all possible control channel

candidates.
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30 from the network element on identified data resources. The step 38 may be followed by a step 39.
Fig. 4 shows a system, according to an embodiment. A network element 40 is shown with a signal
processor 40-1 21 connected to an input/output (1/0) port 40-2 for interfacing. with re network and
connected t&' 3 HARSCEIVEr (XCVR) 40-3 with which the signal processor lr)nég%}'%%ar%g%ﬁ%rfate such as
wirelessly 42 as shown with 5 various terminals 44, 46, 48 in this case mobile stations (user
equipment). The signal processor 40-1 may be as shown in Pig. 5 and may execute program code in

order to cany g2 methad sLch asshaun AT, 2o Suahuihepragessorgy thedetyiork element

apparatus including the 10 processor comprises means for allocating differing numbers of resource
elements to diﬁé‘%t%ﬁﬂﬁol”@ﬁgnﬁg@%tﬁfﬁ G hed &ign i sttEEturd S04t 8did control channels
are allocated ditterent vedqurgeqaaytoachsizesganleast one resourcéclémentof each 15 control

channel carryigg%g{ogmaggg ol [8sRestivedentitier usad.tg detgchthg,confal chanag), and

including means for a grée_égf%ting the control channels into various aggregations based on signaling
rate to redtice etbd BRéxity Sl ity Sele&ibd redoult® 25 payIu3RIsiZ8s to certain
aggregations fgaig:apand saidvakous aggregationsdd reduesdecedimgecompléxity. Each of the

terminals is shown with a,correspanding transceiver 44; 1, 4651, 4dscoppegteddga signal 25
processor 44-2,"46-2; 48-2. The signal processor in each terminal may also be as shown in Fig. 5 and
may execute pY8grant CoBE A TFAER Ry c&rFy %h?%%ﬁ@th‘ﬁégﬁ%tﬁéisﬁg\%ﬁ% M. 3188 Such, the

processor or terminallapparatushosen aggregation level 1 or even both
10 levels 1 and 2 for this. The main thing here is that we
uge prior knowledge of which propagation conditions we
would typically use the payload size B in. In this way,
we do not have to search all the way up through the
decoding tree for payload size B.
15
Correspondingly, when considering payload size C, our
main argument is that we would typically use this
configuration in coverage limited cases (basically we
need a lower coding rate of the PRDCCH in order to provide
20 better coverage). Thus, it makes little or no sense to
schedule a good channel condition use with a payload size
of C. Therefore we suggest to limit the possible
‘positions’ in terms of aggregation levels also in this
case to a few or even only a single aggregaticn ievel
25 {(the highest level 8), i.e., by excluding payioad size C
from aggregations at levels other than level 8, as
already suggested above. Alternatively, paylcad size C
could be excluded from all but the largest sized
aggregations of CCEs (e.g., limited to levels 4 and 8).
3C
Using this approach} we have a situation where we
. increase the total amount of decoding attempts, while at

the same time we provide a lot more flexibility in terms
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including the processor comprises means for receiving 30 control channels, and also includes means
for searching for a control channel by decoding received control channels using an identifier, each of
the control channels comprising at least one control channel element carrying information for a
respective idERHIEY18&F to detect a control channel of the control chanrﬁé 8&3‘?8?@%:{% control
channels are aggregated based on rate and said searching of the control channels aggregated based
on rate is limited by searching for selected resource 5 payload sizes within certain aggregations

among said varipu aggre ations to reduce de ocgn complexity. Fig. 5 shows a signal processor 50
such as may b%%égéf as Jfkgéa Ep? cessf%%)e'r:glhbpf })f wggré >, o]filég%.rli3 SuitaBIE 16 for use in the

terminals 44, 46, %8s the network element 40, or both. As such it may comprise a general purpose
signal processor suitable for carrying out the signal processing functions shown above. As such it

might include a r %%Bp‘%gt-mem r %OM 51, a random access 15 memory (RAM) 52, a central

processing un% (% - & 815%%% , %ﬁ%ﬁp% u%ﬁ)%t %%}%%?ﬂs ,Ilén%xr%?é:ie:(ﬁa%/lggug functions 56, all

interconnected:bypaibta, cadtirese BAdCoNr G IDAT) ikses S sTHelRSM Bs d icoitfpdtbE feadable

medium that is-ablefQstorg-ProgkdMed to any particular size aggregation or
aggregations of CCEs.

A payload size defined for a plural code word such as
10 pavload size B, greater in payload size than the defaulc
pavlcad size A, may be limited by exclusion from at least

cne aggregation.

A reduced paylocad size such as paylcad size C, smaller

15 than the default size A, may be limited by exclusion from
at least one aggregation. On the other hand, the payload
size C could be limited by exclusion from all but the
largest aggregation. Such may be visualized by referring
to Figure 1 wherein the C sized payload size is limited

20 1in the illustrated tree (comprising four aggregation size
levels) to aggregation levels of four and eight control
channel elements and excluded from aggregation levels of

one and twoe control channel elements.

25 It is to be understood that the foregoing payleoad sizes
and limitations on allowed aggregations are presented
merely as exemplary embodiments that are not by any means
exhaustive of the possibilities. It will alsc be
understood that the illustrated aggregations are

30 themselves merely illustrative and may also be used in
any suitable combination of aggregations and limited for
use by any other suitable payload size according to the

teachings hereof.
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20 code written to carry out the various functions described above in connection with Figs. 2 and 3 in
conjunction with the RAM, CPU, 1I/O, etc. Of course, it should be realized that the same signal
processing function may be carried out with a combination of hardware and software 25 and may even
be carried oAt hardware with a dedicated integrated circuit, i.e > WithBUt a0 ftware. In that
case, the signal processor 50 may also be one or more integrated circuits, i.e., a so-called "chipset”
with the above described functionality carried out on a 30 number of inter-related integrated circuits

and possibly ajsq softwate signal piacessars ienise: agamaler ieadable megium embodying
u

program code fof carrying out the methods of Figs. 2 or 3 may be constituted by a memory device
other than the RENP525H tiE bR sSBR bf 15Y. %%n‘c‘ﬁﬁ%ﬁﬁst@ﬁa cHinriSE bRB™SF more separate
memory devices=¥¥hat iszataimetl isy T.oA nhethodcomprsingeialtotating differing numbers of
resource elements to different control channels within a defined signalling structure so that said control

channels are allocated different resource payload sizes, at least one resource element of each control
channel cérryifi§ iiforfiatidh 18Ea 1BsfedthvPidéhtifié Gs &t ta'@étecE & "Cohtrol channel, and
10aggregating:the«coni chasnelsdackibinguser equipmentspeeificccarntrolterminals

and prepareg the necessary information for physical
downlink control channels (PDCCHs) for carrying
scheduling assignments and other centrol infecrmation to

10 the terminalsg.

In a step 24, a PDCCH is prepared for transmission on a
rate-matched agygregation of 1, 2, 4 or & control channel
elements {CCEg}. The gize cf each of the CCEs could

15 comprise for instance thirty-six resource elements (REs).
The available aggregations of CCEs have a tree structure
such as shown in flattened form in Pig. 1. Limitations
such as described above are introduced on where different
payload sizes are allowed in a contreol channel element

20 aggregation ‘tree’ such as the flattened tree of Fig. 1.
The PDCCHs are FEC encoded and aggregated (rate matched)
to the 1, 2, 4 or 8 CCEs. The CCEs of the FEC and rate
matched PDCCHs may be placed in a row of possibly
different CCE aggregation sizes, possibly with gaps in

25 Dbetween due to placement restricticons. Dummy elements
may be added so that the PDCCHs occupy the whole space
reserved for PDCCH transmission (e.g. the first three
symbols of a seven symbel slot of a two slot sub-frame of
0.5 me duration). The block of bits may be scrambled

30 with a cell specific sequence. The scrambled bits may be
QP3K modulated.

The above described downlink resource alliocation

signaling may for instance use the nomenclature of so-

called Downlink Control Information (DCI) that transports
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channels and common control channels into various aggregation levels with common control channels
limited by exclusion from at least one aggregation level of said various aggregation levels, wherein
said common control channels are limited in a tree comprising four aggregation levels to aggregation
levels of fouW%"é’@ﬁ‘lﬁéﬁntrol channel 15elements and excluded from a &E@%%%?{%%?éfs of one and
two control channel elements. 2. The method of claim 1, wherein a default payload size is for a single
code word not limited to any aggregation level. 203. The method of claim 2, wherein a payload size is

defined for a plural code word greater in payload si said default payload size and limited by
exclusion fromcacﬁé’é’:sc.)tqonlengag}réag%ajt%ﬁ |g3é. Oneﬁ%‘%he met‘ﬁ%ﬁ%’f A&im %?v@h%%éﬁ%ya reduced
payload size smidiapiitth daidadéfailt SR Bifraszlid ebniraon eentrsPelgiaselsn D&, A method
comprising: allpeating-differingnwnbersotraspurce-slamentsto diffierent control ghannels 30 within a
defined signalling strycture so that said_control channels are ailo ted different resource payload
sizes, at least Sr{? Eflgg) r 6%15%6%%!%f éf‘gc %%rril%rlo%hanp‘arl%ec”ar%%r% ?r?f&arﬁ%lﬂnoerﬁl 1for%j Eriespective

" identifier Used ia:8etatt tHetohtrbFclramelcane bggregating trrncormtrst chiaAneitmato various

aggregations hasedr-ssignalling3s: rate 0 reduce decadinggemplexity; and limitinggelected
resource payload sizes to,certai a%gre ation% from among)sai ‘v%ious ag rggations to reduce
decoding complasity- Wh&efTa ditault payToad $i2& id'for & Singfe c6d& Word riot limited to any or at
least more thai onesagyrebationawhersindl fdastore paylead sieisdintited:byexelusion from at

least one aggregatien.and whetein said atleast Qhe payoad sizedimited by exclision 40 from at least

one aggregation is limited in a tree comprising_ four aggregation levels to regation levels of four and
cight contol it B EHts AT SRR R G eARbI oy cid B RE A

e
d two-control channel
elements. above, the gizes of the formats may be bandwidth
dependent . In addition there may be several broadcast

formats provided, where all UEs are addressed.

15  The rate matching for the convolutionally encoded control
information comprises interleaving a plurality of bit
streams followed by a collection of bits £rom a circular
buffer for example. OCne PDCCH may for instance always
produces a bitstream from the rate matching unit that has

20 a length of 1, 2, 4, or 8 CCEs. The control signaling is
then sent in a step 26 from the network element over a
wireless interface to the terminals and a return is made

in a step 28.

25 The consequence of introducing a set of limitations on
where different paylcad gizes are allowed in a control
channel element aggregation ‘tree’ such as the flattened
tree of Fig. 1 and as set forth according to the method
of Fig. 2, still gives the network element (e.g., eNode

30 B} a large degree of flexibility for scheduling users,
while the terminal (User Equipment}! will have an option
for keeping the number of blind decoding attempts at a

quite low number.
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6. The method of claim 5, wherein said at least one payload size limited by exclusion 45from at least
one aggregation is limited from all but the largest aggregation. 7. A non-transitory computer readable

medium compyrising program code Wlth code portlons for performing th‘e'rpgmqgggl%%gﬁ when the
program is run on a computer processing device. 58. A method comprising: searching for a control

channel by decoding control channels using an identifier, each of the control channels comprising at
least one control channel element carrying infol illation for a respective identifier used to detect a

control channel of the control 10¢hannelsy £ whesein.the Gonol chanagls ingludeuser equipment

specific control channels and common control channels that are aggregated in various aggregation
levels with corRfdiPEdritFsl ciahnkTs METBA B exATSER Frdd at featt OB EG4Eon level of said
various 15 aggregatian temgiedvheérsin saitbegminoracenisol citanmels arentimited i arteee comprising

four aggregatiag Ievels ja.agategatian levelsf four and eioh.cqnuralchanaghelegents and excluded

from aggregation levels of one and two control channel elements. 9. The method of claim 8,
wherein afdef@ICPARBAM ST BiSRGIe GO IPRBFI ABESBRRItEd T TRy Hggfe§afsitlevel. 10.
The method okalatma 91 xeheseiflapayload sizeds defined éar a plurabsede word geeaterdn payload size

than said defaylt payload sigg and imitad by axchision rora.al least,one agaregalion jevel. 25 11. The
method of claim 9, wherein a reduced payload size smaller than said default size is for said common
control channél§ing payload size B or level 8 using payload size C in

the presence of certain corresponding propagation

10  conditions. The terminal then searches differently sized
signalling pavloads in the decided upon limited way for a
control channel intended for it by decoding control _
channels using an identifier belonging to it as shown in
a step 34. Each of the control channels will comprise at

15 least one control channel element carrying information
for a respective terminal identifier used to detect a
control channel of the control channels. The searching of
control channels may be of various aggregations limited
in the scope of the search based on rate. Such a search

20 may for instance be limited by searching for selected
resource paylioad sizeg expected to be found within
certain aggregations among the various aggregations to
reduce decoding complexity. The terminal may then succeed
in more easily and gquickly identifying signaling

25 belonging to the terminallamong the differently sized
gsignaling pavloads that are searched/decoded as shown in
a step 36. If so identified as shown in a step 38, the
identified signaling may then be used by the terminal for
finding, demodulating and decoding its own datsa arriving

30 from the network element on identified data resources.

The step 38 may be followed by a step 39.

Fig. 4 shows a system, according to an embodiment. A

network element 40 is shown with a signal processor 40-1
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12. A method comprising: 30 searching for a control channel by decoding control channels using
an identifier, each of the control channels comprising at least one control channel element carrying
information for a respective identifier used to detect a control channel of the control channels, 35
wherein the%@rﬁ%?’(?ﬁ’éﬁ%els are aggregated in various aggregations baded SRYS M Wherein the
searching of control channels aggregated based on rate is limited by searching for selected resource
payload sizes within certain aggregations among said various aggregations to reduce decoding
complexity, whéarein a ge?%%p%ﬂqad sizte igd‘grég a@ién(gl)e. codﬁwz%dgo%cl)ignited to any or at least

more than one éjgfgr}%aéﬁon, Wherein &t ledst one pay siZ& s limitet by exclusion from at least one

aggregation, aht viticrein saidwtlBast 615 pajoadsiFe frftetBe£E8Si0Ffrém at least one
aggregation is {ipiteskin;a-tree cammprnisiag foukaggregation levels o aggregationlevels of four and
eight control channel elemen}:saggd S‘()-:'ngldeeSd f&omeal%%rggati% Ieavgl% k% one and two control
45channel elefents. “T3-The ethdd of claim 15, Wherein said af least one payload size limited by

exclusion fromvtiéastone aggregatiotdis litfitedtfforrall Bastheslafy st agdte §aicn. B, A
non-transitory gopputerfeagabla medidmCamprising pregiass sedewith gage portens for performing
the method of glaim 12 when the program i 1un o0 & COMPULST AIOCESRING deViCe:r o
carry out a method such as shown in Fig. 2. As such, the
processor or the network element apparatus including the
10  processor comprises means for allocating differing
numbers of resource elements to different control
chamnnels within a defined signaling structure so that
said control channels are allocated different resource
payload sizes, at least one resource element of each
15 control channel carrying information for a respective
identifier used to detect the control channel, and
including means for aggregating the control channels into
various aggregations based on signaling rate to reduce
decoding complexity and limiting selected resource
20 payload sizes to certain aggregations from among said

various aggregations to reduce decoding complexity.

Each of the terminals is shown with a corresponding
transceiver 44-1, 46-1, 4B-1 connected to a signal

258 processor 44-2, 46-2, 48-2. The'signal processor in each
terminal may alsc be as shown in Fig. 5 and may execute
program code in order to carry out a method such as shown
in Fig. 3. As such, the processor or terminal apparatus
including the processor compriseslmeans for receiving

a0  control channels, and also includes means for searching
for a control channel by decoding received control
channels using an identifier, each of the control
channels comprising at least one control channel element

carrying information for a respective identifier used to
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15. An apparatus comprising 10 at least one processor and at least one memory including
computer program code the at least one memory and the computer program code configured to, with
the processor, cause the apparatus at least to: 15allocate differing numbers of resource elements to

different contYBIZA4PHIERS within a defined signalling structure so that said ESHESIEREHEIs are

allocated different resource payload sizes, at least one resource element of each control channel
carrying information for a respective identifier used to detect the control channel; and 20aggregate the

control channecgs knecclstédlgg gg%%kupcrplg%%s e%;]%c gggtrgl %q:ano el%ﬁgd ccé)i’ggrpO‘the(')lntr*{)rl1 channels into
various aggregaﬁlon levéls with commion control channels Timite by exclusion from at least one

aggregation leVEFofsHid Vartiots atfteGatioit | eveds sawdreth Saa<drmonrdiohtidi€hannels are

limited in a tree comprising folipaggregationderals 10 aggragationdgyelspidedr aageight control
channel 25 elements and.exgude%érgr%aggr% afion Iev(?s ofsoe eeggg two control channel elements.

16. The appargﬁﬁsroaftc?ai%ngl ,lw érein & défault payrllga Sizei5T6r a scllngﬁee ‘code word not limited to

any aggrefatiginlelepd sizes within certain aggregations among said

variougs aggregations to reduce decoding complexity.

Fig. % sghows a signal processor 50 such as may be used as
the procegsors 40-1, 44-2, 46-2, 48-2 of Fig. 4 suitable

10 for use in the terminals 44, 46, 48, the network element
40, or both. As such it may comprise a general purpose
gignal processor suitable for carrying out the signal
processing functione shown above. As such it might
inciude a read-oniy-memory (ROM) 51, a random access

15  memory (RAM) 52, a central processing unit (CPU) 53, a
clock 54, an input/output (I/0) port 55, and
miscellaneous functions 56, all interconnected by data,
address and control {(DAC) busses‘57. The ROM is a
computer readable medium that i1s able to store program

20 code written to carry out the various functions described
above in connection with Figs. 2 and 3 in conjunction
with the RAM, CPU, I/0, etc. Of course, it should be
realized that the same signal processing function may be
carried out with a combinaticn of hardware and software

25 and may even be carried out entirely in hardware with a
dedicated integrated circuit, i.e., without scftware. 1In
that case, the signal processor 50 may also be cne or
more integrated circuits, il.e., a so-called “chipset”
with the above descrihed functionmality carried out on a

30 number of inter-related integrated circuits and possibly
also software signal processors. Likewise, a computer
readable medium embodying program code for carrying out
the methoeds of Figs., 2 or 3 may be constituted by a

memory device other than the ROM 51 in the processor of
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3017. The apparatus of claim 16, wherein a payload size is defined for a plural code word greater in
payload size than said default payload size and limited by exclusion from at least one aggregation
level. 18. An apparatus comprising 35 at least one processor and at least one memory including
computer prgratPRAEthe at least one memory and the computer progFari G808 configured to, with
the processor, cause the 40apparatus at least to: allocate differing numbers of resource elements
to different control channels within a defined signalling structure so that said control channels are
allocated dllffeﬁnt‘rggo%ﬁ:g payload sizes; at least one resource glement of sach.control channel
carrying 45information for a respective identifier'used to detect the control channel; and aggregate the
control chann@I8RRWV AU &Fgregations based on signalling rate to reduce decoding complexity and
limiting selected resource payload sizes to certain aggregations from among said various aggregations
to reduce decoding complexity,
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wherein a default payload size is for a single code word not limited to any or at least 5 more than one
aggregation, and wherein a reduced payload size smaller than said default payload size is limited by
exclusion from at least one aggregation. 19. The apparatus of claim 18, wherein at least one payload
size is limited by exclusion from at least one aggregation. 10 20. An apparatus comprising at least one
processor 15and at least one memory including computer program code the at least one memory and
the computer program code configured to, with the processor, cause the apparatus at least to: allocate
differing nug\‘i?ers of res%urce elements to different control channels 20 within a defined signalling
nt

. af 1s claimeq 18 . .
structure in that said control channels are allocated different resource payload sizes, at least one

resource el?@e&%ﬁiog%&%gg&{ﬁg! channel carrying information for a respective identifier used to detect
the control channel; and aggregate the control channels into various aggregations based on signalling

rate 25sto reduce gecoding serRledhy-andiprtng seleclen LrRoM cERaMId Rise farkRItain
aggregations Hom amNAg SAIhHRAIOUR, AAAegalians:ie LeRveedaspdingCamplexivimberein a default
payload sizgl5fQt 3sinale 6o Wordaaslimitesfo-aluaiRtdedstinayablachanfggreaation,

wherein at lgast,ongPayoad sieevs lieskPyexeiusiar i atleashanriageregation, and wherein
said at least one payload size limited by exclusion

10 aggregating the control channels including user equipment specific control
channels and common control channels into various aggregation levels with common
control channels limited by exclusion from at least one aggregation level of said various
aggregation levels, wherein said common control channels are limited I a tree
comprising four aggregation levels to aggregation levels of four and eight control channel

15  elements and excluded from aggregaiion levels of one and two control channel elements.

2. The method of claim 1, wherein a default payload size is for a single code word not
limited to any aggregation level.

20 3. The method of claim 2, wherein a payload size is defined for a plural code word
greater in payload size than said default payload size and limited by exclusion from at
least one aggregation level.

4, The method of claim 2, wherein a reduced payload size smaller than said default size is
25  for said common control channels.

5. A method comprising:

allocating differing numbers of resource elements to different control channels

30  within a defined signalling structure so that said control channels are allocated different

resource payload sizes, at least one resource element of each control channel carrying
information for a respective identifier used to detect the control channel, and

aggregating the control channels into various aggregations based on signalling

35  rate to reduce decoding complexity and limiting selected resource payload sizes to certain

aggregations from among said various aggregations to reduce decoding complexity,

wherein a default payload size is for a single code word not limited to any or at least

more than one aggregation, wherein at least one payload size is limited by exclusion from

at least one aggregation, and wherein said at least one payload size limited by exclusion

40  from at least one aggregation is limited in a tree comprising four aggregation levels to

aggregation levels of four and ecight control channel elements and excluded from
aggregation levels of one and two control channel elements.

6. The method of claim 5, wherein said at least one payload size limited by exclusion
45  from at least one aggregation is limited from all but the largest aggregation.
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30 from at least one aggregation is limited, in a tree comprising four aggregation levels, to aggregation
levels of four and eight control channel elements and excluded from aggregation levels of one and two
control channel elements. -~ 21. The apparatus of claim 20, wherein said at least one payload size
limited by exclusion 35from at least one aggregation is limited from all but the largest aggregation. 22.
An apparatus comprising at least one processor 40 and at least one memory including computer
program code the at least one memory and the computer program code configured to, with the
processor, cause the aaggaratus at least to: receige control channels: and sga ch fgr a control
Of1-1t 1‘&0187 COITY utizr readabie” medium cam %T]FlnrgéJTOﬁl’a]?]t code l[f‘ coac
channel by de oding received conuo ck}?r}ﬁe ysing-an | eﬁl ler; éach.of the contrg ch%nnels
.. 1‘?10ns T PEr, Olimlfl%t () me[t P Ol ciaim D .when h%%"d raFJ 1§ Tun on a.comgu 1.
comprising %?0 east gne contro hannel element carrying information for a respective identifier used to
detect a coRtrol channel of the control channels, wherein the control channels include user equipment
specific:scorgrgl %e%%&%?gﬁg common control channels that are aggregated in various aggregation
levels with common control ¢ 'a%nels limited by exclusion from at least one aggregation level of said

various a_ggregati%@ah%xﬁlg,M;&%@i&a&%w&ea&fﬁé%ﬂ%ﬁ&é{ﬁéﬂyﬂmi%é@ﬁﬁa{nprising four
aggregation Jeyels ip.aqaiegationienelz Abinuand eighbronisalchanngl#lemigaie ang gycluded from

aggregation|eyals:Qf:ops andsyueceniiehthannel d e lements. L3utherRRRar 3 sef Glaim 22, wherein
a defayt paylpgaggize is for a single code word not limited to any aggregation level. 15 24. An

apparatus comprising at least one processor

wherein the control channels include user equipment specific control channels and

common control chammnels that are aggregated in various aggregation levels with common
control channels limited by exclusion from at least one aggregation level of said various

15 aggregation levels, wherein said common control channels are limited in a ftree
comprising four aggregation levels to aggregation levels of four and eight control channel
elements and excluded from aggregation levels of one and two control channel elements.

9. The method of claim 8, wherein a default payload size is for a single code word not
20  limited to any aggregation level.

10. The method of claim 9, wherein a payload size is defined for a plural code word
greater in payload size than said default payload size and limited by exclusion from at
least one aggregation level.

25
11. The method of claim 9, wherein a reduced payload size smaller than said default size
is for said common control channels.

12. A method comprising:
30
searching for a control channel by decoding control channels using an identifier,
each of the control channels comprising at least one control channel element carrying
information for a respective identifier used to detect a control channel of the control
channels,
35
wherein the control channels are aggregated in various aggregations based on rate
and wherein the searching of control channels aggregated based on rate is limited by
searching for selected resource payload sizes within certain aggregations among said
various aggregations to reduce decoding complexity, wherein a default payload size is for
40  a single code word not limited to any or at least more than one aggregation, wherein at
least one payload size is limited by exclusion from at least one aggregation, and wherein
said at least one payload size limited by exclusion from at least one aggregation is limited
n a tree comprising four aggregation levels to aggregation levels of four and eight
control channel elements and excluded from aggregation levels of one and two control
45  channel elements.
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and at least one memory including computer program code the at least one 20 memory and the
computer program code configured to, with the processor, cause the apparatus at least to: receive
control channels; and 25search for a control channel by decoding received control channels using an
identifier, each of the control channels comprising at least one control channel element carrying
information for a respective identifier used to detect a control channel of the control channels, wherein
the control channels are aggregated based on rate and said searching of the control channels
aggregated based on rate is Iimited by searching for 30 selected resource payload sizes within certain

e oS SRR P SR L eogeetﬁgﬁsgd%%rrexe& yglalna detaul

payload sizg'is of a
wherein a re8ucec|t payf"9

aggreggtloq 435 25. AIEIr angggratgs
including ¢ rglg%g%r@ro & %
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apparatus at least to: receive

15. An apparatus comprising

at least one processor and at least one memory including computer program code

the at least one memory and the computer program code configured to, with the processor,

cause the apparatus at least to:

allocate differing numbers of resource elements to different control channels
within a defined signalling structure so that said control channels are allocated different
resource payvload sizes, at least one resource element of each control channel carrying
information for a respective identifier used to detect the control channel; and

aggregate the control channels including user equipment specific control channels
and common control channels into various aggregation levels with common control
channels limited by exclusion from at least one aggregation level of said various
aggregation levels, wherein said common control channels are limited in a tree
comprising four aggregation levels to aggregation levels of four and eight control channel
elements and excluded from aggregation levels of one and two control channel elements.

16. The apparatus of claim 15, wherein a default payload size is for a single code word
not limited to any aggregation level.

17. The apparatus of claim 16, wherein a payload size 1s defined for a plural code word
greater in payload size than said default payload size and limited by exclusion from at
least one aggregation level.

18. An apparatus comprising

at least one processor

and at least one memory including computer program code the at least one
memory and the computer program code configured to, with the processor, cause the
apparatus at least to:

allocate differing numbers of resource clements to different control channels
within a defined signalling structure so that said control channels are allocated different

resource payload sizes, at least one resource element of each control channel carrying
information for a respective identifier used to detect the control channel; and

27
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search for a control channel by decoding received control channels using an identifier, each of the
control channels comprising at least one control channel element carrying information for a respective
identifier used to detect a control channel of the control channels, wherein the control channels are
aggregated based on rate and said 5 searching of the control channels aggregated based on rate is
limited by searching for selected resource payload sizes within certain aggregations among said
various aggregations to reduce decoding complexity, wherein a default payload size is for a single
code word not limited to an or at Iejncijmori%than one a regation, wherejn at le one&ayload size

limited b 3 &3y "r?"‘é? il %ﬁ ot TSy d
PR L o il ; i gation

itﬂ'll% le ee I’GSO SIZG

risin ﬁ‘our regatlon
levels, to a LestioRTey elltn oaf“ﬁ g né’ to& re%ﬁf c{n%és %g 8 (.If fe njf aggregatlon
ade 04 szels oras
Ievels one an wo con d %p ratus rp said at least
I‘% ar} werenare uce P/ aerg"nf'xnsl Geb q.h
one payloatljnslgQ iIm %/g Iﬁl rqI ega |o mlte e largest
aggregatlo apparatus compnsmé’ 28means for a Iocatlng erlng num%%%s %{? resource
elements to,iffagent SN enanne!pithin A dafiaed sivAING.S WAl B sald. saalfp! channels
are aIIocate Lifferent resoy ga sizes, at least one résource element of éach control channel
carrying information for a respective identifier used to detect the control channel; and 25means for
aggregatlngzgﬁaﬁ%? ralahannglsiipie various aggregations based on signaling rate to reduce decoding
complexity and limiting selected resource payload sizes to certain aggregations from among said
various aggregatiopsda:. degading complexity wherein a default payload size is for a single code
word not limited to any or at least more than one aggregation, wherein at least one payload size is

limited by 30exclugign frorpat ipashepRAgueaation camPuter program code the at least one
memory and the computer program code configured to, with the processor, cause the
apparatus at least to:

allocate differing numbers of resource elements to different contro! channels

20 within a defined signalling structure in that said control channels are allocated different

resource payload sizes, at least one resource element of each control channel carrying
information for a respective identifier used to detect the control channel; and

aggregate the control channels into various aggregations based on signalling rate

25  to reduce decoding complexity and Iimiting selected resource pavload sizes to certain

aggregations from among said various aggregations to reduce decoding complexity,

wherein a default payload size is for a single code word not limited to any or at least

more than one aggregation, wherein at least one payload size 1s limited by exclusion from

at least one aggregation, and wherein said at least one payload size limited by exclusion

30  from at least one aggregation is limited, in a tree comprising four aggregation levels, to

aggregation levels of four and eight control channel elements and excluded from
aggregation levels of one and two control channel elements.

21. The apparatus of claim 20, wherein said at least one payload size limited by exclusion
35  from at least onc aggregation is limited from all but the largest aggregation.

22. An apparatus comprising

at least one processor

40
and at least one memory including computer program code the at least one
memory and the computer program code configured to, with the processor, cause the
apparatus at least to:
45 receive control channels; and
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wherein said at least one payload size limited by exclusion from at least one aggregation is limited in a
tree comprising four aggregation levels to aggregation levels of four and eight control channel
elements and excluded from aggregation levels of one 35and two control channel elements. 28. An
apparatus comprising: means for receiving control channels; and 40 means for searching for a
control channel by decoding received control channels using an identifier, each of the control channels
comprising at least one control channel element carrying information for a respective identifier used to

detect a control channgl ofrtgec%%ﬂgf ﬁhann eco fln the cge %Lc[}apnﬁls ar]% %gglre ated in
various 45ag%n%%) 'Oe%%hbaf?fge%% Ig ? nd s sea [N ¢ ]p Ef‘ﬁ Pgh?nﬂes adqr m% ed based
on rate is limi eéll:%s% ?%

gnf for seledte b %80{ '&a% 'ééan?% %%ifs ghions among
said various, 8gdiEga Ons wkeraget@e"gg 0 D R, eI S SRRy g sie s for 2
single dewgn% cgz cfawﬁt?&ach AR R AR gmm 0y gore ,vgmma; least one

payload s ﬁ}é}% Y SXGHSORIAT k69 o, 20T Rdalion AR d-AOWBRE AIRask pne payload
size is Ilmlt%gi ¥ E’%&Hégﬂmﬂt %@ﬁt ACrein said common control channels are limited in a

tree comprising four aggregation levels to aggregation levels of four and eight control
channel elements and excluded from aggregation levels of one and two control channel
10 elements.

23. The apparatus of claim 22, wherein a default payload size is for a single code word
not limited to any aggregation level.

15 24. An apparatus comprising
at least one processor

and at least one memory including computer program code the at least one
20  memory and the computer program code configured to, with the processor, cause the
apparatus at least to:

receive control channels; and

25 search for a control channel by decoding received control channels using an
identifier, each of the control channels comprising at least one control channel element
carrying information for a respective identifier used to detect a control channel of the
control channels, wherein the control channels are aggregated based on rate and said
searching of the control channels aggregated based on rate is limited by searching for

30  selected resource payload sizes within certain aggregations among said various
aggregations to reduce decoding complexity, wherein a default payload size is for a
single code word not limited to any or at least more than one aggregation, and wherein a
reduced payload size smaller than said default size is limited by exclusion from at least
one aggregation.

35
25. An apparatus comprising

at least one processor
40 and at least one memory including computer program code the at least one
memory and the computer program code configured to, with the processor, cause the

apparatus at least to:

recetve control channels; and
45
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aggregation, wherein said at least one payload size limited by exclusion from at least one aggregation
is limited in a tree comprising four aggregation levels to aggregation levels of four and eight control
channel elements and excluded from aggregation levels of one and two control channel elements.

search for a control channel by decoding received control channels using an

identifier, each of the control channels comprising at least one control channel element

carrying information for a respective identifier used to detect a control channel of the

control channels, wherein the control channels are aggregated based on rate and said

5  searching of the control channels aggregated based on rate is limited by searching for

selected resource payload sizes within certain aggregations among said various

aggregations to reduce decoding complexity, wherein a default payload size is for a

single code word not limited to any or at least more than one aggregation, wherein at

least one payload size 1s limited by exclusion from at least one aggregation, and wherein

10 said at least one payload size limited by exclusion from at least one aggregation is limited,

in a tree comprising four aggregation levels, to aggregation levels of four and eight

control channel elements and excluded from aggregation levels of one and two control
channel elements.

15  26. The apparatus of claim 25, wherein said at least one payload size limited by exclusion
from at least one aggregation is limited from all but the largest aggregation.

27. An apparatus comprising:

20 means for allocating differing numbers of resource elements to different control
channels within a defined signaling structure in that said control channels are allocated
different resource payload sizes, at least one resource element of each control channel
carrying information for a respective identifier used 1o detect the control channel; and

25 means for aggregating the control channels into various aggregations based on
signaling rate to reduce decoding complexity and limiting selected resource payload sizes
to certain aggregations from among said various aggregations to reduce decoding
complexity wherein a default payload size is for a single code word not limited to any or
at least more than one aggregation, wherein at least one payload size is limited by

30 exclusion from at least one aggregation, and

wherein said at least one payload size limited by exclusion from at least one
aggregation is limited in a tree comprising four aggregation levels to aggregation levels
of four and eight control channel elements and excluded from aggregation levels of one
35  and two control channel elements.

28. An apparatus comprising:

means for receiving control channels; and
40
means for searching for a control channel by decoding received control channels
using an identifier, each of the control channels comprising at least one control channel
element carrying information for a respective identifier used to detect a control channel
of the control channels, wherein the control channels are aggregated in various
45  aggregations based on rate and said searching of the control channels aggregated based
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on rate is limited by searching for selected resource payload sizes within certain
aggregations among said various aggregations to reduce decoding complexity,

wherein a default payload size is for a single code word not limited to any or at
least more than one aggregation,

wherein at least one payload size is limited by exclusion from at least one
aggregation, and

wherein at least one payload size is limited by exclusion from at least one
aggregation, wherein said at least one payload size limited by exclusion from at least one
aggregation is limited in a tree comprising four aggregation levels to aggregation levels
of four and eight control channel elements and excluded from aggregation levels of one
and two control channel elements.
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