1 TITLE OF THE I NVENTI ON Control Channels in Conmmuni cati on Network Systens
5 FIELD OF THE | NVENTI ON The present invention relates to control channels
i n conmuni cation network systens, and in particular to control channel

al l ocation and decoding e.g. in 3GPP 3rd Generation 10 Partnership

Proj ect )+l 4hong: TerupmEMehut i on) network systens. BACKGROUND OF THE

| NVENTI'ON~15—tTE technotogy, for exanple, defines a packet radio system
where all channel allocations are expected to happen in short periods of
sub- f r abest r dJhiGdsadentimayrmont be tdbdeNe 88o sy st ensemavher e dedi cat ed
signalling channels are necessary to be set up even for packet traffic. It
is also different from 20 W.AN (Wreless Local Area Network) type of

al | gcat#pmsp owerigr easiENTR ofd nt ernet Prot ocol ) packet transm ssion contains
a transport header. According to LTE technology, all allocations are
signalled in 25 Shared Control Channels, which are present in first

mul ti- CRES T G QYDA 18, %grt@getersslqgwg @Mae%@ 1l er symbols of

dat a channels e control channels are separatel That is, a
downhlﬂwmmunlqﬂhrm@r@hamn&lswstamsudeddlnnopamD1@3harakecmawu$l one for
control .and one f.or data. e dat art es downl i nk (or
upl i nk) SHEERET G S ﬁ?&n@‘ dﬁcg 88u e u %riéﬁghf %%F%Qﬁﬂ?QM part

( PDQCH) rgat d s iamang <eithensk atbegatken Eﬁ&DutETﬁ&rhprhé’@iofikhe schedul ed
users.

systems.

BACKGROUND OF THE INVENTION

15 LTE technology, for example, defines a packet radio system,
where all channel allocations are expecited to happen in short
preriods 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

20 WLAN (Wireless Local Area Network) type of allocaticns, where
each IP {(Internet Protccol)} packet transmission contains a

transport header.

According to LTE technology, all allocations are signalled in

25 Shared Control Channels, which are present in first multi-
carrier symbols of a sub-frame preceding multi-carrier symbols
of data channels. The control channels are separately coded.
That is, a downlink (or uplink) channel 1s divided into two
separate parts, one for contrcl and one for data. The data

30 part (PDSCH) carries downlink (cr uplink) data for
simultaneously scheduled users, while the control part (PDCCH)
carries (among others) allocaticn information for the

scheduled users.

35 SUMMARY OF THE INVENTION




35 SUMVARY OF THE I NVENTION 2 The present invention provides nethods and
devi ces for reducing control channel decoding conplexity as defined in the
appended cl ai ns. The invention may al so be inplenmented as 5 conputer
program product. According to the inwention, a tree search for aggregated
control channels is reduced in a systematic way, which will obtain a
significant reduction of the nunber of decoding 10 attenpts at a UE (User
Equi pneTitg msiakesniwhinvenstionl praivatias niiaghedstant ddws ashddul ing flexibility
in an eNB. (evol ved Node B), i.e., systemspeciral, efficjency vers UE

conpl exf ¢ ctjrna%ec-o&ftfmﬂs Cgﬁpgﬁgiea.ec%éél%%c%&%? hg 1o the C%e%\r}é%r%tdi on E?‘ “is
assunmedaphaiddderieiwid.| mhet ibecachahgraamausd ©f ugersndiaddngst he same
propagation conditions being scheduled at the sanme tine. The tree reduction
i s Obt aF FERMIRY P95 $8REU it t ati ons on the tree structure through
specifications. 20 The UE utilizes the tree structure to reduce the
decodi ng conplexity in order to save power. According to an enbodi nent of

t he i nvRntoohinpdowertheonsweptiioni a theedeeotingl detagaiaanteld an LI/ L2
control channel .can be r.educed. 25.For {h ose of t r t invention
to be d%%%?{%§d3€EF§iﬁ ﬁgl5ﬁ§ufﬁésﬁgu?dgﬁgt%%%%%?tW%ﬁ"§%ﬁ§%S§§EUipnent may
for exaspteibes anurdeticee tby camans oaf ovhtoh muniser ofydsaceHEsSS a

communi cation network; this i li.es ) ) .
1 attempts at a UE {(User %%uipment) side, while still

maintaining most of the scheduling flexibility in an eNB
(eveclved Node B), i.e. system spectral efficiency versus UE

complexity trade-off is obtained.

15 According to the invention it is asgsumed that there will not
be a large amount of users having the same propagation
conditions being scheduled at the same time. The tree
reduction is obtailned by putting some limitations on the tree

structure through specifications.

20
The UE utilizes the tree structure to reduce the deccding
complexity in order to save power. According to an embodiment
of the invention, power consumption in the decoding/detection
of an L1/L2 control charnel can be reduced.

25

For the purpose of the present invention to be described

herein below, it should be noted that

- a user equipment may for example be any device by means of

which a user may access a communication network; this implies
30 meobile as well as non-mobile devices and networks, independent

of the techrneology platform on which they are based;

- a user equipment can act as a client entity or as a server

entity in terms of the present invention, or may even have

both functionalities integrated therein;



30 nobile as well as non-nobil e devices and networks, independent of the
technol ogy platformon which they are based; a user equi pnent can act as
client entity or as a server entity in terns of the present invention, or
may even have both functionalities itegrated therein; 3 nethod steps

likely 109,08,d4ml ntﬁﬁtquvgref ;;wa&ﬁpwﬂ@n@@aFgg%m&&eicwerun using a

processor at one of the se client entities are software code
i ndependentiand aah Hee ngpeoinf hedngsingranys kpowrt ome wiurrdedeeelveped

ing 5 | : h d/ or . devi i kel b
ol et SO G PATOVTS CORpORCTS. Bt CoNe. BrCTae an @ o6 SRt ent ti es

ar e hargves € i depandentyand ceanocbe fi:opkeneat €tomsd ngrcamerddiown or future
devel oped hardware technol ogy or any hybrids of these, 10 such as MJS,
CMOS, BIEMBIECL, TTL, etc, using for exanple ASIC conponents or DSP

conponents, 1%y alt £XAMRIGor generak! Yixany pRthod iglemhdr csuikabl e to be
i npl enmented as software or by hardware w thout changi ng the idea of the

pr esenthdymeaite argmebBentgeritcesecan bbei apresent edl it mditvitdeasl adevi ces,
but this_does not exclude.that, they, are inpl i istributed
h%ﬁé%ar dﬂFF FEsyst R cagIbg §mgﬂ$%%g$%%§ﬁ$%ﬁ%%¥grikfwghg%device

fashi on roug e system as long a y o
i's preservect Roclhedar esenivaraveathoniogynot dnynhed itds OIE thetswor K

systens, hut can be applied to _any other conmunication systens _requiring
dy it il F5DOOnANREY S1CHOSE T BAC: | REFUGT Ny Sy WNGTE FRGT e i || be

nul ti pl g code s d0 1t e rcedtpeheghanngl . a5 BRER .DESCRI PTI ON OF THE
DRAW NGS Fi g. shows an exanple of a tree structure with three allocated
nodes in RFFErENL |adrelnetoPd REéepr é6. suitable to be implemented as

software or by hardware without changing the idea of the
present invention;

15 - devices can be implemented as individual devices, but this
does not exclude that they are implemented in a distributed
fashion throughout the system, as long as the functionality of

the device is preserved.

20 The present invention is nobt limited to LTE network systems,
but can be applied to any other communication systems
requiring dynamic and fast channel allocation, including
systems where there will be multiple code rates for the

control channel.

25
BRIEF DESCRIPTICON OF THE DRAWINGS
Fig. 1 shows an example of a tree structure with three
allocated nodes in different levels of the tree.

30

Fig. 2 shows the three allocated nodes of Fig. 1 mapped to

sub-carrier rescurces in a distributed manner.

Fig. 3 shows a combination of control channel elements to

35 create aggregated control channel candidates.



30 Fig. 2 shows the three allocated nodes of Fig. | mapped to sub-carrier

resources in a distributed manner. Fig. 3 shows a conbination of
control channel elenents to 35 create aggregated control channel
candidates. 4 Fig. 4 shows an exanpl4e illustrating reduction of possible

aggregation options for control channel candi dates according to an

enbodi nent of the invention. 5 Fig. 5 shows a schematic bl ock di agram

il lustratgngt famotd ans eofamplaesel lequrphenty aadhiat et wor kb odeniode accor di ng
to an enbodi nent of the invention, 12 D%gCRI Tl ON, OF THE PREFERRED

EMBODI MRS 9% Prifsi B - BEWri PEnK O BhEP d° EORT 01 CCHATIHEI S POSCEH “hi ch

carri estd atngninels)r ald ogat iigpehpfenmati on for sinultaneously schedul ed
users of a comuni cation network 15 systemis arranged to a tree structure
consisting of nultiple control channel elenments as shown in Fig. 1. During
decodi ngy s 3 dR{ders EUIIRLL) pubLL apgbLaR pf1ag0rLoale Lheaonkrol
channel elenents to create different code bl ocks or control channel

candi datess Each spdersindcknids acakkedrh dentrel e channelo @andi date as it
potentially.carries. informtion for one MAC (Medi um Access Control) ID. The
MAC ID?I%b%%Jet?Jerb%/ Hhe e 8V SBY 8% gr oup of UEs to detect the channel. At
each level of the tree, each node represents a single control channel of a
code bl ock. The nunber of the control channels at the | owest 25 | evel of

t he % r 23 Hak i G By BRREEEGELMBIRYMENER and number of OFDM synbol s n
avai labl e for the largest code bl ocks, as well as the size of the control

channel el enents.
A Physical Downlink Shared Control Channel (PDSCCH) which

=

et e MMared

carries f{amcng others) allocation information for
simultaneously scheduled users cof a communication network

15 system is arranged to a tree structure consisting of multiple
control channel elements as shown in Fig. 1. During decoding,
a UE (User Equipment) will ccmbkine or aggregate the contrel
channel elements to create different code blocks or control
channel candidates. Each code block is called a control

20 channel candidate as it potentially carries information 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 contrel channel of
a code block. The number of the control channels at the lowest

25 level of the tree is determined by the system bandwidth and
number of OFDM symbols n avallable for the largest code
blocks, as well as the size of the contrcl channel elements.
In the example shown in Fig. 1, n=3. Any node of the tree,
which 1s not occupied by a contrel channel in this level, is

30 available for the next level of the tree as twe contrel
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-

35 carrier resources may be divided to an integer multipie of the



In the exanple showm in Fig. 1, n=3. Any node of the tree, which is not
occupi ed by a control channel in this level, is 30 available for the next
| evel of the tree as two control channels, each of which are half of the
size of the control channel at the parent node. 5 |argest control

channel ¢ i ven.node @f the tree i g set,pfsub-carriers _can,consi st
of one(ﬁﬁé%%ﬁ(%ﬂhnng1cgﬁnt%esrarggs¥ Coda I%ck% of "up 0 two %oﬁtrm
channel sf cfulttreasecord daar gestsicodefbboeksontrup tledrair cfortreol channel s

of 5 the smallest. code blocks. Each contro] channel te entirely over
Che ti 1St A ORI RISIe fih E APetHoarPabre [ ariHd Lo T3 channel o The
cont r ol s&hanel scqmye kedd shbichut ed L thersub-caftier ciRrele1k0olthe system
bandwi dt h to maxi m ze the frequency diversity. For exanple, there are 4

di stor i bitieEwetleTt S5 Sdrcikér resources al l ocated per each code- bl ock.
This is illustrated in Fig. 2. In Fig. 1, three allocated nodes CBl, CB2,

CB3 in different 15 levels of the tree structure are shown. Fig. 2 shows
t he t hrieeclaldotated aiedes ICBkte0B2, eCB3raappedet otltdef istdd- cardfitér resour ces

in a distributed.manner. It _should be_n %ed t hat 1hese ppi ngs. are only
exampl 6o VARt AT Ehe Fadng A genEr TS SFOLT t br o HE Feq ency
di ver si ¢yntyo Scatdreid Ing mevebe2@ikheibystant baniw glith-carriers over
10 the system bandwidth to maximize the frequency diversity. For
example, tThere are 4 distributed sets of sub-carrier resources

allocated per each code-block. This is illustrated in Fig. 2.

In Fig. 1, three allocated nodes CR1l, CRZ, CB3 in different

15 levels of the tree structure are shown. Fig. 2 shows the three
allocated nodes CB1, CB2, CB3 mapped to the sub-carrier
resources in a distributed manner. It should be noted that
these mappings are only examples, and that the mapping in
general should provide fregquency diversity by scatiering over

20 the system bandwidth.

As each control channel has to be uniquely identified by a MAC
ID, it can be combined tc CRC {(Cyclic Redundancy Code) by
partly masking CRC bits with the MAC-ID. As the MAC ID is used
25 for addressing both UE specific conirol channels and common
6control channels, it 1s reasonable to define the MAC ID in a
compatible way. Thus, recepiion of any control channel is
possible by filtering contrcl channels with the respective MAC
ID. Error detection is available from the MAC ID masked CRC.
30 The length of the MAC ID is matched to the C-RNTI (Cell Radio

Network Temporary Identifier) length.

A receiver, e.g. the UE, includes means Lo receive symbols of
the Downlink Shared Control Channel part of the sub-frame

35 prior to reception and processing of the symbols in the



As each control channel has to be uniquely identified by a MACID, it can
be conmbined to CRC (Cyclic Redundancy Code) by partly masking CRC bits with
the MAC-ID. As the MAC ID is used 25 for addressing both UE specific
control channels and conmon control c¢hannels, it is reasonable to define

the MAG LR 112 GomMghiibhe sWayeqTBUS. FELERLION Bic any.LQRkr ol channel is
possible by filtering control channels with the respective MAC ID. Error

det ect i demidu lavid aice decometshehMAGuD Dranskeds GRC. tiBD OFid! [semged sof t he MAC
IDis matched .tq.the G- RNTI (Cell Radio twork Te rary. . ldentifier)

| ength, Th TECH! oIS S5 Ve OR, ST AEST rbaret (6 TRra e Symol 5. of

t he Dowl ddiks Sharged cBantofolriGhannebkspant ©bdé hel seib-fa anfe 13 wpr isdket 0
reception_and processing of the synbols in the 6 downlink and uplink

Shared 24 at Thanifidled PRREviedsi vér Xaeibddul 2t e @nd’ He e sub-carriers

of the Qﬁ%éﬂm%gl% Wi chthe rreee ;ﬁ@éiﬂ?&n§e@<§ chef0h & sety ekl argest
code bl ocks, e.g. 1 of Fig. 1. As the Code Block is of known size 5 and
t he systleen begriviidith iwhehewn corhiect e eflgbeckedwat dint ntegeenul ti pl e of

sub-carrjer positiqQn .search _f.or T t L correctly
det ect eﬂe%?grglcﬁse,é rkr%y e‘ﬁr%c%&%”? 8%“63 @%ﬂ(cgﬁ%%ﬁ%ggnfc%ﬂ&ﬁgﬁtbg}gtaect or
filterefedbdyieregaiaigticspe®NTIc ideRNTEYI dBot i ¢yerFanaeverof mGhtof CRC, to
10 ich the c- RNTI t he UE does, not tch, the receiver kngws that the
ne hi@%‘?“l |C‘§fNQﬁIr é{FL itgenﬁs%kéaeanao of 2 5%R | EBT &S Forv By eryvs

non- mat ghed GRC chack i gre Wewill brcentinue decpdd ngngads: bl ocks (C32) in

the next higher level of the tree searching for a match in two child nodes
of the aspkekr. rfode.cvRIM Ren-8aLchel efer §hadh- nete HE "GRG check, the UE

wil CO&&Aﬁ%Q%&%&Q{]&%@b&%@d ﬁ@gb)i 0 thg n@ﬁit highe!r, lhevgh of the

tree searching for a match in two ch nodes of the parent node. The
sear ch cHntheuesaidddrdthadUEdras detebt éd amd corieéctdgeslecoddd: al |

COQE{O|p§PgQ€eA§ae]rEJ%%%g% on, for every non-matched CRC check, the

UE will continue decoding code blocks (CB3) in the next higher
level of the tree searching for a match in two child ncdes of
the parent node. The search centinues until the UE has
detected and correctly decoded all control channels, intended

20 for its reception.

In addition to search signalling entries with its own receiver
specific ¢-RNTI, the UE may have to search for common
signalling entries by commen identifiers.
25
The search in the tree may happen in any other order than from
the lowest level node towards the higher level nodes.
Depending on the applied coding scheme, the receiver may
process the nodes from the highest level of nodes to the lower
30 level of nodes. Further on, the receiver may process the nodes
in other arbitrary (or systematic) order based on some
measures €.g. SINR (Signal Interference and Noise Ratio)

quality of the candidate code block(s).



20 for its reception. In addition to search signalling entries with its own
recei ver specific c-RNTlI, the UE nay have to search for common signalling

entries by common identifiers. 25 The search in the tree may happen in any
ot her order than fromthe | owest |evel node towards the higher |evel nodes.

Dependi g a1k, the 1aRRklLd Codi 00 SEDAMEN.{ N6 1 £CPIVEI 1B pILOGESS the nodes
fromthe highest |evel” of nodes to the | ower evé1 of nodes. Further on,

t he receddeer (inmy. proodcess phenne&ésatntb@h@xgbﬁ$ﬁtk&ﬂ%&(qﬁiﬁwsﬁe@atic) or der
based on. SOome measur f rence_.and e i 0)
quallty Bt hE ca até ggdglﬁloéf(s €l$ tﬁe foljﬁﬁfh@gﬁﬁwﬁg%éssuned
that oy & gl @mel 2@ gbksa medel(hoee t@nreﬁmrmmartmala)s a’tcotnheohl ghest

| evel of the tree structure %Ievel 3in Fig i s defined for a given

bandwi dteiEl Lementthe AAPGRESE 1PBVEF %68%19% retErTed 96748 control 5
channel . el QI "o AGEr §GaLI 0B gét”wbkg@kep§§i6é&3 Lhanneli glegnents can be

used to get |arger payl oads and/or |ower coding rate. However, the

aggr egatddmofratdse control channel elenents may 10 require a Iarge nunber
of decoding attenpts fromall the UEs that are listening for a possible

al l ocation. An exanple of a control channel aggregation is shown in Fig. 3.
From Fikpwdrai, caneb@g&&@mtﬁb&toantaggcegarbrnnmﬂnnnmyeheméﬁnseMaWive | ow

nu er of control. channel ele i resu r at her nunber of
mlﬂf%ﬁ%%ﬁmﬁé“F8F PH@bGESWE|g?%ﬂ?ﬁﬁgf%Ft$%%%ﬁr (mhlqgc ﬁ? and each

UE Wil lehdsten forswdomnly merakl peakipns asiveit:@s. upl iddardileocat bons. In
the exanple in Fig. 3, there are 6 control channel elenents, while 20 the

aggr egateoinr Usi Hyp A alr ég93ePact are 1 asS8ABMNIR nF 1 g.3 1 results in 10
potential control channel candidates. This is suboptinmal regarding UE
conplexity, as a UE wll have to decode the full anmpbunt of control channel
candi dafesn évien. i¥ igomenofet bepmatbahotnsehedededion of even a

15 relative low number of control channel elements will result in
a réther high number of decoding attempts for the UEs
listening for resource allocations, and each UE will listen
for downlink allocations as well as uplink allocations. In the
example in Fig. 3, there are & control channel elements, while

20 the aggregation using a tree structure as shown in Fig. 1
resulﬁs in 10 potential control channel candicdates. This is
suboptimal regarding UE complexity, as a Uk will have to
decode the full amount of control channel candidates even if
some of them are not scheduled.

25
In the following an embodiment of the invention will described

in greater detail.

Fig. 4 shows a kind of flat tree structure arising from Fig.
30 3. Fig. 4 illustrates potential control channeil candidates for
different aggregation possibilities (both the white and grey
areas). As can be seen from Fig. 4, there is a total of 24
control channel elements (CCEs), which by default triggers 45
deceding attempts per ilink direction (i.e. downlink/uplink)

35 allccation. In other words, in aggregation level 1 the 24



25 In the foll owi ng an enbodi nent of the invention will described in
greater detail. Fig. 4 shows a kind of flat tree structure arising from
Fig. 30 3. Fig. 4 illustrates potential control channel candi dates for

di fferent aggregation possibilities (%oth the white and grey areas). As can

be Seencéﬁ@%}f'cﬂzan%elt réqueﬁft\e'n%s egefla}nay fgémcgnécgtpdrcplh%%lneql emgnt s
(CCEs), which by default triggers 45 decoding attenpts per |ink direction

(i.e. d@ymlmqﬁ(tlm |1rﬁ<f)6138,artlwocat>nmnoll nhathel evordsits maagdpeegati on | evel

1 the 24 ]:8ec %%arrrlnnel Tts eacQ ma nforn;a ontrcil qaqnel In
aggr egation Qf Eofitr haRRel“ 8l efntS el be agdrégated to form

a cont rmuﬁh&m&}ol |dmaﬁhg1@aegat9m@ntlsemay Be d@yifegOrdd alo Cﬂaﬁ:lflﬂ%ﬂ el ements
may be aggreglat ed to forma 5 control channel,_ and in aggregati on | evel 8,
ei giit cOMETON HENEL elPeflens 2AE B AGEr bat b 1 & ¥BHMAPEE™r ol channel .

Accor di aig-4.0. 2N erRodiament, of taB@rb@M@@B' 0. s4hf £Aalochangleistr uct ure

shown by the white and gréy areads in is put under limtations,
such that only the white aggregat ed control channel candl dates are

avai | abAcecgrocgm hcedul i %‘%@? \Eﬁr tthlo§ lthm El%eé?@io h g:bglr of decodi ng
attenpts’is ced 1 € grey areéas are no eco N search for a
control c}o:aiimmmlsmm:hﬂ@t ehowshbghtber wespoendsd t @rey readict iion Fhyy.a4
10 is put under limitations, such that only the white aggregated
control channel candidates are availlable for scheduling. With
thig limitation, the number of decoding attempts is reduced to
15 (the grey areas are not decoded in search for a control
channel candidate), which corresponds to a reduction by a
15 factor of 3. In other words, there are four control channel
candidates in aggregation level 1, four contrcl channel
candidates in aggregation level 2, four contrcl channel
candidates in aggregation level 4, and three control channel

candidates in aggregation level 8.

20
With the above limitation put on the tree structure,
gscheduling flexibility is not reduced that much, based on the
following arguments:

25 - If there is a lot of user equipments close to an eNB

scheduling the control channels, which user equipments require
only aggregation level 1, the aggregated level 2 elements with
reduced power can be used to have more users due to the
possibility of doing power balancing; in the example shown in
30 Fig. 4, 9 favcurable conditioned users can be scheduled using
this approach. In other words, four control channels in
aggregation level 1, two control channels in aggregatiocn level
2, two contreol channels in aggregation level 4, and one
control channel in aggregation level 8 can be scheduled.

35



15 factor of 3. In other words, there are four control channel candi dates
in aggregation level 1, four control channel candi dates in aggregation

| evel 2, four control channel candidates in aggregation |level 4, and three
control channel candidates in aggregd&tion level 8 20 Wth the above

limtation P '}alll%ﬁft Fﬁhé&&w&%séfélepyl@f&efnt%ltblal byl Sapet reduced

t hat nuch, ba on the OW ng argunents: 25 - there is a of wuser
eqU|pnehﬂﬁﬁﬁkpﬁﬂxtnlaﬁeéNB)schédutlmmplfuﬁeﬂﬂnqaﬂﬂ0¢h@ﬁn@b@eduhﬁdh user

equi pnments re ir onl.y . r tion evel t he. agqgrega vel
el ement® ¥{ith «?d%@egl%&agg gﬁb%e Used ?ol Ve Cr?orr&gfogseglgg 82 to the
possi bidlidnerafs .doi ng power bal ancing; in the exanple shown in 30 Fig. 4, 9

favourabl e conditioned users can be schedul ed using this approach. In other
wor @s, four control channels in aggregation |evel 1, two control channels

in aggregat i:on l8uele 2nckWB€QBLA 0L S @@@1&1 1k RO 6gati @ack@yebfél and
evel 8

one control channel in aggregatlon can be scheduled. 9 a
pl ural i1 yorof wWeheddlied @Qeeg bslpnesent @ eweldxigdde thaggr égat i on | evel

8. additiona, usens canngt be. schedyl ethq anyyay ,us, Lo Lk gdnaurber of

avai | abl & coﬁt anne erence bet'ween
aggregation Iayers is a factor of 2 and mhen usi ng pomer bal anci ng, to sone
extent there is flexibil rade ag |on6%§%: omer bet ween each

ot Hér . %K)qqo%ﬂﬂnﬂednﬁéeﬁoﬁ ttﬁ;FhﬁP?%o ? %A d&ddPption is given

for an aljacatdont aetarishngkec! FBK gifgrd i DMk tdie-dJrient,i @nei s al so
valid for the case where two trees, for uplink and downlink, respectively,

are pregemntirg R ther, vedighéardthe apted/heng T H@Mer L6F possi bl e
Contr0|;&ﬁﬁﬂ@%ﬁ&i%ﬁmﬁﬁﬁ%kla¥8%gé§t99él?”p9£éaﬂgesé¥§ord'”9 to an enbodi ment

of the Trnvention sin tion rule, usage of the smallest control
channel on all

15 Further, it should be noted that the number of possible

control channels at each layer is not important.

According to an embodiment of the invention, using an
allocation rule, usage of the gmallest contrcl channel on all

20 control channel elements is prohibited, while at the same time
the smaller control channels are allowed to be combined to

aggregated control channels with better coverage.

With the above apprcach, the number of decoding attempts that
25 is needed by each UE can be reduced. The limitation of the tree

is possible duc to the frequency diversity applied for all

control channel elements, such that each CCE experiences same

or similar channel conditions.

30 Fig. 5 shows a schematic block diagram illustrating a user
eqgquipment 10 and a network device 20, such as an eNB,

according to an embodiment of the invention.

The user equipment 10 comprises a receiving/transmitting

35 section 11 and a decoding section 12. The



20 control channel elements is prohibited, while at the sane tine the
smal |l er control channels are allowed to be conbined to aggregated control
channels with better coverage. Wth the above approach, the nunber of
decoding attenpts that 25 is needed by each UE can be reduced. The

limtation Qf; tghﬁchrtarn ﬁf&ﬁg@%ggwogu?trgecgéa%é equency, diversity applied
for all coﬁ%ro channel elenments, such that eac experiences sane or
si m | arnehantieldecdrd Ri0onshid@ Ebgprbsshomsracsichemmttiransimack idipagr am

illustrating a . user equipnent 10 and a network device 2Q, such as an eNB,
accor di FiE Tt e HEGHARENE 108 FRE FAVSALT G =0 IAGEAlden SGGipREnt 10
conprisgs, a receiving/transmtting 35 section 11 and a decodi ng section 12.
The 10 receiving/transmtting section 11 receives synbols fromthe network
device 20, which conprises a receiving transmtting section 21 transmitting

the SynF5g55f¥H£ 6ﬂ|§@%%35%n2§egﬁh88%g%s gbﬂ%?bf“éﬁ%ﬁﬂéf%n section 22

al l ocates control channel's represente y nodes of a tree structure, each
of the comtesHntclbinel®desnpifi si hgeat steastuone ot rol thkacpelt rellenent
carrying information .far a resp ive identifjer used ta 10 detect a

cont r ol CEHAHNET S HHHE 1ol g% nRBF sSChhe? iép§3ﬂ§eﬂ%i§§%ﬁ on is

per f or negh-by: dd Midddithaaliloac dbi-on ekspeghest 1@vetitiont nelecchannel s of the
control channels, the highest |evel control channels being represented by

nodés ofeide & e@tUc ngt afhihrestHevkl CRALRHES t rde St uélbre. For

15 exanp| &,cdidd G:s bdd1® Hagh8St 158Y L 0k Sa oM ), | v el: BesReferring to
Fig. 4, the highest l'evel is represented by aggregation | evel 1. The

al | ocat loresevintorm RZhrmysilscréasbeatpotat i othainglowerthe highest

level contrel channels being represented by nodes of the tree
structure at a highest level of the tree structure. For

15 example, in Fig. 1 the highest level is shown by level 3.
Referring to Fig. 4, the highest level is represented by

aggregation level 1.

The allocation section 22 may increase allcocation of lower

20 level control channels of the control channels, the lower
level contrcl channels being represented by nodes of the tree
structure at lower levels of the tree structure. For example,
in FPig. 1 the lower levels are shown by levels 2 and 1.
Referring to Fig. 4, the lower levels are represented by

25 aggregation levels Z, 4 and 8.

The receiving/transmitting section 21 may transmit the
allocated control channels as symbols to user equipments
including the user equipment 10, by distributing the allocated

30 control channels to sub-carriers over a system bandwidth.

The higher level contrcl channels may be combined to the lower
level control channels. In other words, smaller control
channels are allowed to be combined to aggregated contrcl

35 channels with better coverage.



20 | evel control channels of the control channels, the | ower |evel control
channel s being represented by nodes of the tree structure at |ower |evels
of the tree structure. For exanple, in Fig. 1 the lower |evels are shown by
|l evel s 2 and 1. Referring to Fig. 4,1the lower levels are represented by 25
aggregation levels 2, 4 and 8. The receiving/transmtting section 21 may
transmt the allocated control channels as synbols to user equi pnents

i ncl udi Tige tdiel wmseri cequicpnent 20, mby dnsteadatd ngpddte cal lrocat €te30 contr ol

channeli to ﬁﬂgi arngrs over a syg%en1bandmﬁdth. The hi gher level contro
channel s"ffdy n€d 6% hé°Forer “FeVet- control channel's. In other
words, smaller control channels are allowed to be conbined to aggregated

control 35 channels with better coverage. 11 The allocation section 22 may
i ncrfeas®ral souEtlliow mecd ivke 1RoRér ThAIFRY R TIPAHE thleecschefufer 5 The

sear chi ng. §ectd on.pla Qh Eogf Jusel i BGUEPABRL) 10h Seal ches. f.Qis <5 -eenh i ol

channel " by decodi ng contr channel's represented by nodes of a trée
st ruct unededby fusi ng can sitdettivfrieer bguthiag am MDY 1i<CRGum esRNMlI, each of

the contr ol h s co i.sin t |.east one. contr.ol channel el.enent
carryig%£$n%%ﬁﬁggf6ﬁ‘§6%&%6’aeg§§p8£tlv% TRt i%ﬁaqﬁé;ftﬁgm atect'?a

control sehpsmel ©fe theteent celanehanaeksen whes ei ni Ade seanchiing Feeti on 12
limts the searching for highest |evel control channels of the control
chdithel 3, FeHREH; Gife stCIdvdiL CCoHEEE! CEhERABFS Bef MR TLprd¥eittdd by nodes of

the treg,SteUctie Ao isghgslrkevetndSsof rthend ree-stdatunenits
the searching for highest level control channels of the
control channels, the highest level control channels being
represented by nodes of the fTree structure at a highest level

15 of the tree structure.

The searching section 12 may increase the searching for lower
level control channels of the control channels, the lower
level control channels being represented by nodes of the tree

20 structure at lower levels of the tree structure.

The receiving/transmitting section 11 may receive the control

channels as symbols from the network device 20.

25 The searching section 11 may begin the searching with lowest
level control channels represented by nodes of the tree
structure at a lowest level of the tree structure. For
example, in Fig. 1 the lowest level is shown by level 1.
Referring to Fig. 4, the lowest level 1s represented by

30 aggregation level 8.

It 13 to be noted that the network device 20 and user
equipment 10 shown in Fig. 5 may have further functionality
for working e.qg. as eNodeB and UR. Here the functions of the

35 network device and user equipment relevant for understanding



The searching section 12 may i ncrease the searching for [ ower |evel contro
channel s of the control channels, the | ower |evel control channels being
represented by nodes of the tree 20 structure at lower |evels of the tree
structure. The receiving/transnittinQZSection 11 may receive the control

channel 8, A%, SHTNEh S LamLDe; RELNPL K, devl a2l i T rseataigsgection 11

may begin e searching wth | owest eve contro chann | s represented by
nodes O:fldche; taraee;hsaMuahuFegaﬁa Tbmeesrrduey@herd:f ctfnethter éemsttnoo‘aiure For

exanple,. in Fi | evel shown | evel 1. ferrln to Fi
T e he sttt Tevdr RethEpTedaHitn BY 30 Sodr ity Levarts. It is to be

not ed t&ﬁ{sﬁﬂ%dﬂe;tomrlku@ewheelaeeala_ﬂohlseén@qweprmmcth%n%h@w ba Fig. 5 may
have further functionality for working e.g. as eNodeB and UE. Here the

f unét i or fofrmeate bys onet Werrkdevi eer B uset et het> HeIesvEnt f or
understanding the principles of the invention are described using
functional blocks as shown in Fig. 5. The arrangenent of the functional
bl ocks mafcdhbEimettwork devibdéemand uferheqimperntorn,s arotz corssrdéed 1to |imt

the inven |on nd th functions_may_be perf or b Lone bl ock or further
split iTE sHBIEKS aﬂESngFﬁﬁf?égaﬁe%ﬁ%%dﬁ%%ﬁ% E%/he invention, on a
transmgﬁim@edea,recmub@bt@hanegba b € Pt ©S edd e dy mﬂﬂﬁﬁal@f a tree

structure are allocated, each of the_control_channels 10 caonprising at
| ed$t FHERIGHIS AthadRRet SPEnERRLEAR r §RATNT hiOtFRE o 3 8% espect i ve

identifjer,usad &0 et &ClcBpective identifier used to detect a

control channel of the contrcl channels. The allocation is
performed by limiting allocation of highest level control
channels of the control channels, the highest level control

15 channels being represented by nodes of the tree structure at a
highest level of the tree structure. On a receiving side, a
control channel is searched for by decoding the allocated
control channels, wherein the searching is limited for the
highesgt level control channels.

20
It is to be understcood that the above description 1is
illustrative of the invention and is not to be construed as
limiting the invention. Various modifications and applications
may occur to those skilled in the art without departing from

25 the scope of the invention as defined by the appended claims.



control channel of the control channels. The allocation is perforned by
limting allocation of highest |evel cgntrol channels of the control
channel s, the highest |evel control 15 channels being represented by nodes
of the tree structure at a highest level of the tree structure. On a
recei vi nCIshidéS: a control channel is searched for by decoding the all ocated
control channels, wherein the searching is [imted for the highest |eve
control channels. 20 It is to be understood that the above description is
iITustrati ve Qmbieohpygmd:i on and is not to be construed as limting the

i nvention. Various nodifications and applications may occur to those
skilled in aheating coittohobanndispepresentedfyomdesot hieestowairaf t he i nvention as

defined by the appepded clai.ns. .1 IMS: 1. A nmethod conpri.sing:

al l ocati ng Wgﬁﬁef‘g‘%" I‘?Sﬁ“ﬁ%tl aghlggeﬁ ley gln(fgé@a ﬁ’??e Hoighee qurea?egtf‘ 8@%??luct ure,

wher ei n aghheleltedt arl AcBBLHk cbeval chafindNeorhfrees ST1EALE bk ontRPr esents a
control channel elenent and each of the control channels conprises at | east

one cont rebhntsh alement edraemninfermation fry & nesrecieg idenifioused oapsttheye
identifi%rs%s?q:&pngﬁ&g%hdthe respective control channel, characterized
in that tHEEYOCR PO S performed by Iimting allocation of highest |evel
control chagmeh&erideten tHaghesillobeioalis pafdrield byhmninag slldatiog of Righesent ed by
nodes of the tree structure at the highest |evel of the t%fe structure. 2.

The et hdeVebFortfaichinnelss Bieptighssiigyel coptiehdbaunelybeing wessrurd BY npdifer | evel
control qﬂq@p§&§ﬁnkﬁgeEgﬁghmggﬁﬁgwpgp%éégfEQ%?QEIs bei ng represented by

nodes of the tree structure ower the tree structure.

2. The method of claim 1, comprising:
increasing allocation of lower level control channels, the lower level control
channels being represented by nodes of the tree structure at lower levels of the tree

structure.

3. The method of claim 1 or 2, comprising:
transmitting the atlocated control channels to user equipments by distributing the

allocated control channels to sub-carriers over a system bandwidth.

4, The method of claim 2, wherein the higher level control channels are combined to

the lower level control channels.

5. The method of claim 2, wherein the allocation 1s increased more the lower the level

of the tree structure.

6. A method comprising:

searching for a control channel by decoding control channels represented by nodes
of a tree structure, by using an identifier,

wherein each node at a highest level of the tree structure represents a control
channel element and each of the control channels comprises at least one control

channel element carrying information for a



3. The method of claim1l or 2, conprising: transmtting the allocated
control channels to user equi pnents byjglistributing the allocated control
channels to sub-carriers over a system bandwi dth. 4. The nethod of claim
2, wherein the higher level control channels are conbined to the | ower

| evel contgpettehidengls usedbio dEhet tRtrépdctdfe whabhehdnnaiherei n the al |l ocation
is increased nore the lower the |l evel of the tree structure. 6. A nethod

conpri si ng<charagigagedin tat thsy searckpgos Bmited Sprriughastlcye comrplghaifls 8¢ channel s
repr ese”tlﬁghe%ﬂe@a%ﬁu&f h@mﬁ«{l?ﬁ iﬁ% F]ég?ésgﬁt%d b?)ﬁo&'és' J9hPfled d80EEL QR  Wherein
each node at a hi ghest ﬁeve cﬁ tree structure represents a control
channel dliighenievelnd tieaicde ofuctdse control channel s conprises at | east one
control channel elenent carrying information for a 14 respective
identifier used to detect the respective control channel characteri zed

in that thdhsaagleos ofglaim §.ivheremn thegratshigaasmereas Tog bieer dveberaioll s, t he
hi ghest | ' t
ot Puct ur STHHG A e FRBIRELDI Sfhfdl DAL ESFRLAR BY BRAST Qubde | 0a or

cl aim 6, snered & lower lseds ohihegree stridtarceased for | ower |evel contro

channel s, the |ower |evel control channels being represented by nodes of
the tree structure at |ower levels of the tree structure. 8. The nethod of
claim 6 of The mglgdeefirlaimed enhtwhsrein irinaie] gieanels aksirgecdvadrfsnma net wor k
device. 9. The nrthod of any one of clains 6 to 8, wherein the searching
is performed beginning with | omest | evel control channels represented by
nodes of the tree structure at a | owest |evel of the tree structure.

9. The method of any one of claims 6 to 8, wherein the searching is performed
beginning with lowest level control channels represented by nodes of the tree

structure at a lowest level of the tree structure.

10. A device comprising:

an allocation unit configured to allocate control channels represented by nodes of
a tree structure,

wherein each node at a highest level of the tree structure represents a control
channel element and each of the control channels comprises at least one control
channel element carrying information for a respective identifier used to detect the
respective control channel,

characterized in that the allocation unit is configured to limit allocation of highest
level control channels, the highest level control channels being represented by nodes

of the tree structure at the highest level of the tree structure .

11. The device of claim 10, wherein the allocation unit is configured to increase

allocation of lower level control channels, the lower level control



10. A device conprising: an allocation unit configured to allocate
control channels represented by nodes |&f a tree structure, wher ei n each
node at a highest |level of the tree structure represents a control channel
el ement and each of the control channels conprises at | east one control
channel elenment carrying information for a respective identifier used to
detect the respective control channel, characterized in that the

al | ocat i @RatHels belify &?féfsérﬁét{ Bfnddes lof Hettredlshiaeatd Anowér 1BV gheishe Lreyel control
channel s, the highest |evel control channels being represented by nodes of
the treesgbetust ure at the highest Ievel of the tree structure . 11. The
device of claim 10, wherein the allocation unit is configured to increase
aIIocatiog ?& Iomengl vel, control channels, the |lower |evel control 15
channel s Bel Rigdeaisr d<ciivel ¥y In6YBRIY St he tree structure at |ower |evels
of the tree, ghhdGttpQmit cbafigllRE WeXieht Ob afb@itdd MRl chlhknel§ QRet Si NQ: a
transmtting unit conflgureg to transmt the allocated control channels to
user equiegmpntesisthy distsbutinguthi afodatss! eanirobehretels sntubetargdranyislas t o
sub-carriers qver system bandwi dth. 13. The device of any one of clains
10 to 1zﬁy%ﬁ8r§PﬁW%W% devi ce conprises an evol ved node B. 14. A device
conpri si ng: a decoding unit configured to search for a control channel
by decodiRgTROBLIQ! ofChFMRELE ceR! ESRMednBMINAERBvIRE canbfiR] afit ructure, by
using an identifier, wherein each node at a highest level of the tree
struct ur evpepd esémBs a control channel el enent and each of the control
channel s conprises at | east one control channel elenent carrying
information for. a respective identifier used to detect a respective control

channel , 14. A c%erce comprising:

a decoding unit configured to search for a control channel by decoding control
channels represented by nodes of a tree structure, by using an identifier,

wherein each node at a highest level of the tree structure represents a control
channel element and each of the control channels comprises at least one control
channel element carrying information for a respective identifier used to detect a
respective control channel,

characterized in that the decoding unit is configured to limit searching for highest
level control channels, the highest level control channels being represented by nodes

of the tree structure at the highest level of the tree structure .

15. The device of claim 14, wherein the decoding unit is configured to increase
searching for lower level control channels, the lower level control channels being

represented by nodes of the tree structure at lower levels of the tree structure.

16. The device of claim 14 or 15, comprising a receiving unit configured to receive

the control channels from a network device.



characterized in that the decoding unit is configured to limt searching
for highest |evel control channels, thg highest |evel control channels
bei ng represented by nodes of the tree structure at the highest |evel of
the tree structure . 15. The device of claim 14, wherein the decoding unit
i s configur ede Heviteslr@asae sealaaid hptof g, whowwer the deeke canprises ackemnel s, the

| oner | evel control channels being represented by nodes of the tree
struct ur €9EPMHher | evels of the tree structure. 16. The device of claim
14 or 15, conprising a receiving unit configured to receive the control
channel s ma n tmork i e of clainms 14
to 16, V\/nlegr | TR %%1%5%@%} }ngitlaug mgla u%mg eqﬁ)l?\ﬁ;i ?&eg’é‘m%‘@éﬂr %ncorrput er
program pfy @Inglsﬂﬁtvuﬂzl dade pofiong F@mpefformiag phogessifngy dew b £daineontr i si ng
software code portions for performng the, steps of any one of clains 1 to 9
when t he hvbejr BMPFREIFmis BR AHEC PISEBER $yi8evi ce. 19, The conputer program
product accordlng to claim 18, wherein the conputer program product

conpri ses 0 - r eadabl e i t portions
are store ]c?aTﬁ gg 8r R3ritt %mdtpq&%c?&anriﬁ% ' ftﬁlg{% lg(tkg%?r M@% @ﬁgfm 18,

wher ei n tdggRAOSHAIBE b§mﬁh§e@@1tdoﬁ1ﬂu€b&d@dﬂaﬁlelmﬁcbmﬁIt‘hnlWHld’f ﬂnalsofmmrcy)de)f t he

processi ng deV|ce
portions are stored.

20. The computer program product according to claim 18, wherein the program is

directly loadable into an internal memory of the processing device.



