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BACKGROUND I n the cellul ar system known as E- UTRAN,
Evol ved Universal Terrestrial Radio Access Network,

al so known as the Long Term Evol ution system LTE the
downl i nk transm ssions (i.e. transm ssions fromthe
control | i ngMRRIBVED SCHEDUL NG SbIrA GELUMHARSY S ThaMe
based on Ot hogonal Frequency Division Miltiplexing,
OFDM wi th OFDM synbol s which can extend over a nunber

of TelgRICAEFsERPd Which have a certain extension in
time as well. Due to this, the E-UTRAN physi cal

doWﬁIel prlesest yeotor slistesesearmathos engnss devigerfey sghediling in a
r| sin resource elenents, wth each

re 6&? e (ge? @}%%(m%g%m espondi ng to one OFDM subcarri er

in one OFDM synbol interval. In tinme, the E-UTRAN

downl i nk transm ssions are organized into so called
r adBACKERRIINDeach of which conprises ten so called

Zgh’gtﬂ%\%\m T dlsgél?ﬁ?(q(% in0ls i L. UTF@RNOva]olvr@d Lﬁﬂvér’%@F Terrestrial

rane has a total extension in tine
of Redliod\ccess NetWevrkiNatspskremve) as the Abhe d ety Eolotion system, LTE,
used f.or tra smtt n.

05 cHaerink S iterioes (i EAnyise Pag Jf PRARF GonfiRling node of a

Us%ﬁ fo tREM "lﬁ' fhe c‘e‘ﬂ) RHrePBELyd r & eDMRogaieaHrdd@lehcy Division
and decode downl |nk data, as well as upllnk schedul i ng

gr dalspliexingr fafrigt M@tht@FQMqay@bgbdech can extend over a number of
subcarriers and which have a certain extension in time as well.

Due to this, the E-UTRAN physical downlink resource can be seen as a time-
frequency grid, comprising a number of resource elements, with each
resource element corresponding to one OFDM subcarrier in one OFDM

symbol interval.

In time, the E-UTRAN downlink transmissions are organized into so called
radio frames, each of which comprises ten so called subframes with an
extension in time of 1 ms, so that an E-UTRAN radio frame has a total

extension in time of 10 ms.

In E-UTRAN systems, so called L1/L2 control signalling is used for
transmitting downlink scheduling assignments, which are required for the
users (‘terminals”) to properly receive, demodulate and decode downlink
data, as well as uplink scheduling grants informing the terminals about
resources and transport format for the uplink transmissions, together with

hybrid-ARQ acknowledgements in response to uplink data transmission.
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transm ssion.In E-UTRAN, thHe downlink L1/L2 control
channel s are mapped to the first 1-3 OFDM synbol s

Wi thin a subfrane. Thus, each E-UTRAN subfrane can be
said to be divided into a control region and a data

r egiEBUTRAN hthehvatinkrlol/L2 eghivol dieinmgls aresinappedt it<mEhe frst 1-3
The size of the E-UTRAN control region_is_always eq
t OBRM gyBhels Wiipe? sebfremev HiHso agh(EiJTRéNo?ubéf@@man be

SYHRPk b%afi‘w% upsl o %Ttﬁcﬂr\%gfan §h@rbahh{ef‘gégléﬁ‘dwﬁﬁqhgecontrol

varied per s rane, XI'mzes the spectral
efrégiondredyg fisstimBmeont rol si gnal | i ng over head can be
adjusted to match the instantaneous traffic situation.
The | ocation of the control signalling at the

berHeaiz8%f 8fe ENGTRARS EaitRol irSgiaf V@ BlvagRMEual 88 ahtinteger number
enables a termnal to decod?agt he downl ?étﬁj schedull [ ﬁ

asm Rt syrmolscH). Brpord (@ PMe syrdpols qame beubsednfer control
rﬂéllﬂ%ﬁogn I%%n[%?sgé'nganp o Jfﬁﬁénmﬂ'l&fﬂé\%pﬁfe%gt:he spectral

ramne avin
t hﬁflcﬂeﬁ@j a8 gthef cérliml Is’lgrha?hmgmt/énbaldném et adjustashtecmatch the
mnimzes the del a | n the DL- SCH decodi ng and t hus
t Hestgpangous G skatioNansni ssi on del ay. The E- UTRAN
downl i nk L1/ L2 control signalling consists of three
di fferent physical channel types: PCFICH the
Phlte dadatiGonofr tie Iéontmt signdiliogt atr theh &egieiningvaif ¢hei subframe is

used to inform.t. m nal of enu er,, of , OF .
oyiargesys: Bs ¥ graBled Adempal B dBEPEF 0§ dcibls seheduing
SI&%?qr{m@ﬂ (DL- Shey %HerBtthé Whldr e AbFRINGS EDécodif@bethe DL-
I's on onePCFICHmace
SCH can thus begin directly after the end of the subframe, without having to
wait for the decoding of the L1/L2 control information, which minimizes the
delay in the DL-SCH decoding and thus the overall downlink transmission

delay.

The E-UTRAN downlink L1/L2 control signalling consists of three different

physical channel types:

e PCFICH, the Physical Control Format Indicator Channel, which is
used to inform the terminal of the number of OFDM symbols (1, 2, or
3) that are used for L1/12 control signalling in the current subframe. At

present, there is only one PCFICH in a cell.

e« PDCCH, the Physical Downlink Control Channel, which is used to
carry downlink scheduling assignments and uplink scheduling grants.
In addition, it may also be used for power control of a group of

terminals. Typically, there are muitiple PDCCHs in a cell.



PDCCH, the Physical Downlink Control Channel, which is

used to carry downlink scheduling assignnents and
waiplovmkrseschedul i ng grants. In addition, it nmayPEI/SER0DR050524

used for power control of & group of term nals.

Typically, there are nultiple PDCCHs in a cell. PH CH

1 the Physical Hybrid-ARQ I ndicator Channel, which is

used to transmt ACK/ NACK in response to receptl on of

UL- SGH PII—HOHﬂtBelWysxcaTmmdFARQ indezatoraCbannek iwhlieh is used to

PHI CHs N d t f the PCFI
and Pt A« GCKINRCR T ol o seBoRbF | oke: PERIEH | of pIL-SCH
Physi calyaGemtid nfwﬁéauynfﬂie@@bpé 8¢IH(Ores NG LEH

is used to I ndicate'the hunber of OFDM synbols used
for L1/L2 control signalling in the current subfrane,

57 el PRl st PHRDORT (% BPT TR Bk SO Epffibanannels is as

essgwl to correct operation of the system If the
PCFICH is incorrectly decoded, the termnal wll
nei t her know where to find the control channels, nor

NS (e 4AL PHERLPEoRLE] Férmgtr\qd}@altéréﬁ‘ﬁr‘ir?élore Jose

anyrHa.PSEHCd’aﬁﬁ usednenirskdiaia that eudber focﬁrOFE)M symbols used for
t ermi nal i nf or mat i

oL S ARl PR STE S  Shhhd Fh genyy, wpere i e

OF Mb 3RO (?éké%@%%iahﬁtRe@eﬁ%ﬂ%ﬂthé@@ﬂ@ﬂ@ﬂh@@ essential to
using a so called rate-1/16 sinpl ex code. The coded

b| teormct operatian ofl theppgriendulf ¢he ? CEKeH nappeerreelyLdecoded, the

© BN LR SO B BB, ot ere e

Whidfdia afegigipagaris edntdnwilr spref@t thseyahgl aplitkhechéduling grants
resource elenents are grouped into
15 transmitted, as well as any DL-SCH data transmission intended for the

terminal.

At present, two bits of information, corresponding to a control region size of
1, 2, or 3 OFDM symbols, are coded into a 32-bit long sequence using a so
20 called rate-1/16 simplex code. The coded bits are scrambled, QPSK-
modulated, and mapped to 16 E-UTRAN OFDM resource elements. To be
compatible with the different E-UTRAN transmit diversity schemes, which are
specified in groups of 4 symbols, the 16 resource elements are grouped into
4 groups of 4 elements each. Such a group of 4 resource elements is
25 sometimes referred to as a mini-CCE (Control Channel Element), also known

as a resource-element group.

Frequency diversity is important for reliable PHICH reception. Therefore, the
PCFICH is mapped to 4 mini-CCEs which are well separated in frequency. In
30 the current 3GPP (3" Generation Partnership Project) specifications, this is

obtained by dividing the overall downlink system bandwidth into four equally-
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resource-el ement group. Frefuency diversity is

important for reliable PH CH reception. Therefore, the
PCFICH is mapped to 4 m ni -CCEs which are well

separated in frequency. In the current 3GPP (3rd
GesrnmbcatqiuartgaawmgneosgimlnPlolcqﬁIEdm )eai:{hlquéﬁt@r?tsid;ﬂ‘iat thBi Mini-CCEs
IS obtal Ivid ng the overa ownl I Nk system

bt gt %%1 rﬁ%’ ?@Lﬁq‘@dlMélpla%ﬁ?i‘bﬁe%@Wer s with one

mni-CCE in each quarter, so that the m ni-CCEs used

for PCFICH are equally spaced in frequency. PH CH -

t HEHIRHY s tbalPhyeinal tyARDARQIlodicetor Gteanmell The PHICH i s

used for, t,ransm tt,i brldA ckn emsntsm

o ol i el Tt Redstiiing h AN G RN Bafments in
f aespasde t@UN-BSUH WRIrehiSxBeCTRer 268 OMHENI e 'achNterminal
the subfranme. Each PHI CH carries one bit which is

r epRigh GXpeeisean acknoywleggriueatiadhe spbameni th a

spreadi ng factor of four, and then mapped to 3

m ni - CCEs. Multiple PHI CHs forma so call ed PH CH

grivagh RHICH heariféd @i Witt ihicha iQHbﬁbbmelﬂpreer gmes, modulated,

code- It| | exed ysin dlff ent ort onal readi ng.
Attt arapending Brbr o o angnpaBaPRal 1o 3 MINi-CCEs.
e'r@UEEéPHlél—@ {8k 4oy chifed bﬁleﬁcgﬁiﬂ; p,. [ARAURNPHICHs within a

diversity is inportant for the At present, the
eﬂd@ﬂa@mungam @mmltnmﬁ@wm lebféeraot Qjﬁmgonal spreading
decided in ;{ |deaII A tfhe 3 ni ha used for
a%ﬂ%“éﬂcﬁﬂo%ﬂ Sri!f’ée b?ééﬂ“ over® t ie 1af T €Y st &m

bandw dt h. Typi call y, the PHHCH is transmtted in the

first OFDM synbol 5566 However, in sone propagation
envisBiaRNte th@ RGF I wblif@aysRex evessity is Imesttantior tie PHICH. At

present, the exact mapping of PCFICH in E-UTRAN has not been decided in
3GPP, but ideally the 3 mini-CCEs used for a PHICH should be spread over
the full system bandwidth.

Typically, the PHICH is transmitted in the first OFDM symbol only. However,
in some propagation environments, this would unnecessarily restrict the
PHICH coverage. To alleviate this, it is possible to configure a PHICH
duration of three OFDM symbols, in which case the control region will be

three OFDM symbols long in all subframes.

At present, there is no specification in E-UTRAN for the PHICH mapping.
However, to use the same approach as for the PCFICH, i.e. to space the
mapping of the three PHICH mini-CCEs equally over the system bandwidth
might cause problems, since this could result in the PHCIH being mapped to

the same set of resource elements as the PCFICH.



PH CH coverage. To alleviate this, it is possible to

configure a PHI CH duration of three OFDM synbol s, in
wanieh7sase the control region will be three OMOIVBE2008/050524

synbols long in all subfranes. At present, there is no

specification in E-UTRAN for the PH CH mappi ng.

However, to use the sane approach as for the PCFI CH,

i.e. to space the mapping of the three PH CH m ni - CCEs

equéJN/IMAcWér the system bandwi dth m ght cause

LA STl B TR B Pin
&Hr@%ﬁ&@d@hn@%r%@h@% o IcdatrBr eNamisis PCFICH and

sectlon there is a need for a solution to the problem
of RBEEHIN iangEdd TRAPbEHBreme saudhalotiter sk o elisians is obviated.

flcg&%(e Ly, r]s(dﬁ Fr'é%!?]lbﬂoﬁns@ultg%'\lp%#gﬂqa% §@3gh@t vﬁ"tl?ﬁlly any two

STS Vi at ed
solchtinasiss hot|udt beo ressiob chahoelapahy shoutd alsoaldt\beargstricted to
t wo channels not just two control channels, and
sheownligk s6hadwling restricted to downlink schedul i ng.
Such a solution is offered by the present invention in
that it discloses a nethod for use in a wirel ess
celSudhar salotiomiis atffered By shemresentwriventiepsinethad it discloses a
contr II| node controls the,transm ssions to an , .
Rt Bog, B 158 pep WiBies Seuiaf ieMriRhBATone S3em. in whicn
Vs?@fénﬁ’% EaritrHIBn @ PRYEesbntiol A fisdTtra b RS IGHELITRAG fidin users in a
rarres wth a certain extension in tinme and over a

ra€di n amount of subcarriers in frequency. The
subfrarres conprise a number of subel enents, and the
met hod of the invention is intended for scheduling a
firata syelem inagiod tied drveation caorte applidd)dras@messions are made in

subfrane.
15 subframes with a certain extension in time and over a certain amount of
subcarriers in frequency. The subframes comprise a number of subelements,
and the method of the invention is intended for scheduling a first and a

second channel in one and the same subframe.

20 The method comprises the steps of:
e dividing the transmission resources needed for the first channel into a
first set of resource groups,
e assigning the resource groups of the first set to subelements in the
subframe in a predetermined fashion,
25 e assigning a symbol value to all subelements in the subframe which
have not been assigned a resource groups of the first set,
o dividing the transmission resources needed for the second channel
into a second set of resource groups,
e assigning, in a predetermined fashion, the resource groups of the

30 second set to subelements in the subframe by means of said symbol

values.
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resource groups of the first set to subelenents in the
subfranme in a predeterm ned fashion, assigning a
synbol value to all subelenents in the subfranme which
have not been assigned a resource groups of the first
set, dividing the transm ssion resources needed for

t second channel jn a. second set of resource
or e S Eegmenied P e phgngt e {EROYEEH9TGHPS @f dhe second
I FRBHEE cHh BHAP bef addigh& L EPRObERMdTs SHIIRE aMBRbfd Which have
the subframe by nmeans of said synbol val ues. Thus,

ugdidieeineasmgnest tofestece greuns ohthe fiist cegonel evhietb gfiminates
of nnet... only be assigned to
sJBéP@@ﬁggng%&[@e EIU%(?'fsnarre whi ch have not been

assigned to resource groups of the first channel,

which elimnates the risk of scheduling collisions. In
orlé isEbegReR) of the inMgRiAN dhe rereuicEsyoLpe Qftbesecond set

SL%%%;?@?%%W?UC Iéﬁénéﬁ'ﬁitﬂﬁ%gbfrﬁnﬁéqheémhﬁar‘ )r/ttr'i‘ﬁthey are

a manner that they are naxi m
s pagxthadpaspadado@pedcfront leachi other éguisegyenoyhiwkile,iin another
anot her. e ogi ment, the resourcfetﬁrou(gs of the_ secand d t
sémaPdment; dhe o GsBulithelaHRnt & e ¢ FCUh e RS Fosigned to
sugibeferiBiBah thBadubflzee i @ueRar Athrdalthaf 1He &@Cépaced apart
other in frequency in a predeterm ned fashion.

suraraigiagh ather inifrestueany in APredrtsraineddapiont o whi ch

the invention is applied are control channels,

al t hough the invention is not restricted to being

applitaddy, the first and the second channel to which the invention is applied

are control channels, although the invention is not restricted to being applied

to control channels.

Also, in a preferred embodiment, the inventive scheduling is applied to

downlink subframes, although it can also be applied to uplink subframes.

The invention also discloses a scheduling node for a system in which the

invention is applied.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in more detail in the following, with reference

to the appended drawings, in which

Fig 1 shows an overview of a system in which the invention can be applied,
and

Fig 2 shows downlink resources in the system of fig 1, and

Fig 3 shows a downlink subframe, and

Fig 4 shows a flow chart of a method of the invention, and
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subfranes. The invention alBo discloses a scheduling
node for a systemin which the invention is applied.
BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will
be described in nore detail in the following, with

r eFég Bsbewsa bloek atmgradedf asabgdiging nedepi e irvention.
shows an overview of a systemin which the invention
can be applied, and Fig 2 shows downlink resources in

t hesymiLeD bEJERIPIIOANd Fig 3 shows a downlink
subfranme, and Fi ggg;l:ﬁShOWS a flow chart of a nethod

: f
¢ h heninsntiom wib MerHgSGibasREIoN MilbcKS@IoSJPERNGIOEY from the E-
sch ' of; j_n ' . T )
M B AR e BN BT Py i
t erord@ot®dycifitatenthbereBdERANIrsteastdadohg. ofidinevieventian, and is not

houl d be poi nt ed hat this i Ly, ] .
T aditeneas dba L daErooPareloP e Ag0 09 5 (e IRiefton, which

iop\é%ﬂt bOhpphed 6tﬁeﬂ%9?ﬂeﬂﬁ§%§eﬂeﬂ,0whéfé bbﬁbsb@r@diﬁ@%ciples are

protection sought “for the invention, which can
appisedd ot her systens as well, where corresponding
principles are used. Fig 1 shows a schenmatic view of a
part of a system 100 in which the invention nay be

aprrig efl.shbs a bbRemuEE eew0Bf ias partwbf &l egsteael 1001 &1 which the
system whi ch conprises_a nunber of cells, one of which
i s iRYRIMIPNIBaY b appliady Thus, the system 100 is a wireless cellular system

which comprises a number of cells, one of which is shown as 110 in fig 1.
Each cell can hold a number of users, one of which, 120, is shown as an
example, and a controlling node 130, in E-UTRAN known as eNodeB,
controls traffic to and from users 120 in the cell 110. Traffic from the users,
(“UE”, user terminal), to the eNodeB is referred to as uplink traffic, UL, and

traffic in the other direction is referred to as downlink traffic, DL.

The principle of OFDM which is used in E-UTRAN systems was described in
the previous section, and fig 2 shows pictorially the same principle, i.e. the E-
UTRAN physical downlink resource as a frequency-time grid, with a number
of resource elements, each of which corresponds to one OFDM subcarrier

frequency (Af) over one OFDM symbol interval. One resource element is

25 indicated as RE 210 in fig 2, in order to further clarify the notion of resource

elements.

The principle of radio frames in E-UTRAN which are organized into

subframes of 1 ms each was also explained above, and fig 3 shows one such

30 E-UTRAN subframe 310. As indicated in fig 3, and as was also explained in

the previous section, the E-UTRAN control signalling, i.e. the L1/L2 control

channels, is placed at the beginning (time-wise) of the E-UTRAN subframes.
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and fromusers 120 in the c¢ell 110. Traffic fromthe
users, ("UE", user termnal), to the eNodeB is
referred to as uplink traffic, UL, and traffic in the
other direction is referred to as downlink traffic,
DL. The principle of OFDM which is used in E-UTRAN

syst ens s describ in t previ pus sectjon, and fi

2 lgh%\?gbﬁgg‘teo?‘i'é] P§%€ﬂé3”§agio ﬁlfi?'ﬂcgipﬁ rejwi .a'%se a number of
EUERARN B& ¥ §hbRls, doMiBh Id&nbﬁé@é&tgﬁ?éﬁaiﬁ tor hBURDENtdH, "Bt which
grid, wwth a nunber of resource el ements, each of
whaTershevy s Beniadia 3 one OFDM subcarrier frequency

(Df) over one OFDM synbol interval. One resource

elenment is indicated as RE 210 in fig 2, in order to

f UK tplugposd af tHeyinveatiowtis mﬂaobidrﬁﬁmmﬂ%@oﬁmsbemé@n control
ich are

principle.of radio fra i n E- UTRAN ) )
oS Bl 1 ARG P& ASF 16 anhine STHORRGhaRs) . the Physical
eXPhtd1eFo Y Ardicfier 0 n iBARR i
subfrane % 10. Aé@ﬁnnrdi cr%tng\gﬁ!aﬁaﬁh% g@%’%gl zEQU\-'/l\-'/as alQS(I)ndlcator
exphannetd in the previous section, the E-UTRAN control
signalling, i.e. the L1/L2 control channels, is placed

at the beginning (time-w se) of the E-UTRAN

S UtHg' RTFSC Huse sSemabeATFRUTRAN assdui€e @R#né’htlg%ﬂfuptebgnt%’ four so
there will also be a nunber of reference synbols

widdad dBimde CEBr dentyolpehaanel eteroertsi white itoe, PHLEH uses a
i . L0 fi , LPOSE he

RS TARVSCES TN L2 T B BRRE Fh obfy e o

CHICH miriGCEs, déperpar bhctheamuhtber PEFItErhiaal tHt expect an

| A EAARRER iS55t he Phys cal Hybrid ARG

I ndi cat or Channel .
The E-UTRAN standard specifies how the four PCFICH mini-CCEs are to be
scheduled in the subframes: The overall downlink system bandwidth is
divided into four equally-sized quarters with one PCFICH mini-CCE in each
quarter. The mini-CCEs used for PCFICH are thus equally-spaced in the

frequency domain.

Thus, since the scheduling of the PCFICH is specified in the E-UTRAN
standard, the invention needs to focus on how the PHICH mini-CCEs should
be scheduled in the subframes in order to avoid collisions with the PCFICH
mini-CCEs.

One principle of the invention is to assign a symbol value such as, for
example, a number or a letter or a combination of those, to those mini-CCEs
or subelements in the subframe which have not been assigned a PCFICH
mini-CCE. The PHICH mini-CCEs are then assigned in a predetermined

fashion to mini-CCEs in the subframe using these symbol values, which will



The PCFI CH uses sixteen E-UTRAN resource el ements,

grouped into four so called mni-CCEs, Control Channel
web@semoed) while the PH CH uses a nunber of m PCFSOEE8/050524

which is a multiple of thre®; the exact nunber of

PH CH m ni - CCEs depends on the nunber of termnals

that expect an ACK/ NACK in the subfranme. The E- UTRAN

standard specifies how the four PCFICH m ni - CCES are

t oldzel tcheuibfracne m wihichstief PEMESH ame they BHICH andnirtCRR will not

ieegl ﬂ‘? ﬂhIS di vided into four equally-sized
FSKAHRMIGNG - PoFI CH mini - CCE i n each quarter. The
m ni - CCEs used for PCFICH are thus equal |l y-spaced in

t he frecw;lncy domai n. Thus, since the scheduling o
t hé\sPaitl @ realizegey theemanrskilias 1B herie\d stheneradd m@mer in which

5l nxg@ﬁ@g@@ﬂ%‘ﬁgafa‘?& elaot thB& BFLfdd g’%rﬁ”be%%d la a great

ranes 1 n or to avo

colrhars) @iags wiithin tie sBgpe 6If-lthna pre@@lEmve@menpexalmptdseofqﬁnncuples
the invention is to assi

S al ue such a
exdMiFe M3y RRHRES B 1 PHRRHS ArcassisiiRat Mgt wiidh assigns
th?ﬁ@ PHEH h’ﬂﬁl‘? dBmd -F&Enok ﬁﬁhﬁéﬁ'@ﬁé}t ﬁ\éé':aﬁé‘%axmally spaced

subfrane which have not been assi gned
m repa@dEomTémcHPeihe imifieiquECEy aadéortindimessi, @ifetnatively, that they

1055 1S Prsd aBprbap, BrctbeMeiin diecenty @l FomLiREn some other
SUeré@@férmﬁ\e‘Mﬂfé‘éhldmeHBGEbQ" @Aer tpfﬂlﬂciB*rd!slebrn’(HM -4e€Esiso entirely
not be at risk of collidi n%”ﬂAs wll be realized

by M@l%wltﬁm theesrapg aftiBe foires yentieRact nanner in

whi ch the PHI CH m ni-CCEs are assigned to the subfrane

can be varied in a great nany ways within the scope of

t herws esytifid rexantples; widxaowl e givepr ohdigw ethe principles of the

15 invention may be applied:

Example 1
1. Let N denote the number of not yet allocated mini-CCEs in the

subframe. Initialize N to the total number of mini-CCEs in the system
20 bandwidth,

2. Let k denote the number of PHICH groups to which resources have

been allocated. Initialize k to 0,
25 3. Allocate mini-CCEs to PCFICH,
4. Set N=N-4 (since four mini-CCEs are used for the PCFICH),

5. Number the mini-CCEs which remain after step 3 from 0 to N-1,
30
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other in frequency and/or ith time, or, alternatively,

that they are spaced apart from each other in

frequency and/or in time in sone other predeterm ned

fashi on. However, other principles for this are also

ent i Bel Allquases inheCAE humbehe, SeGpend2N/Be Ifpthesditisions result in
i nvention.. Two slpeci fic exanples will now be given of
how t he PRI ESULS: FMBING, BRAR iIRSnUsRE: BE- dpFPydtthe “ceil” or
Exanpl efdoft.odeRhtohs denote the nunber of not yet

allocated mni-CCEs in the subframe. Initialize Nto

the total nunber of mni-CCEs in the system bandw dt h,

resolr <2 ASle! sbHE PG U PG GHOR b JHesatocates
Al | ocatresburtes°CEs to PCFICH, 4. Set N=N-A (since four

m ni - CCEs are used for the PCFICH), 5. Nunber the
m ni - CCEs which renmain after step 3 fromO to L/-1 ,6.

Al | ogat §e LA JHREICOEs Nedd %}qh%ﬁﬁﬁ}%gﬁﬁag can

di vi sions resu I'n non-1nteger resu
be used, e.g., through the "ceil"” or "floor"
oper

t . Set k=k+1 i ddi ti | PHI
or oup: Hagdsbional MK sedtiet otk dRahe BlosBaL oot pegk to step 5.
(three gthaiwisEhSrmiiage therallbbstidil CH group) 9. If
additional PHI CH groups are to be allocated, go back

to step 5,

Example 2
Another way of describing a mapping similar to that of example 1 is to specify

the PHICH mapping relative to the PCFICH mapping. This could be done as
follows:
1. Let N denote the number of not yet allocated mini-CCEs in the
subframe. Initialize N to the total number of mini-CCEs in the system
bandwidth,

2. Let k denote the number of PHICH groups to which resources has
been allocated. Initialize k to 0.Allocate PCFICH resources. Let ng
denote the number (in the frequency domain) of the first mini-CCE for
PCFICH,

3. Allocate mini-CCEs number ng+k, ng+N/3+k and no+2N/3+k to PHICH
group k. If either of these mini-CCEs collides with already allocated
mini-CCEs, use the next higher mini-CCE number until no collision
occurs (e.g. no+NI3+k+1, ng+N/3+k+2, etc for the second mini-CCE of
the PHICH group; similarly for the third mini-CCE in the group). If the
divisions result in non-integer results, rounding can be used, e.g.,

through “ceil” or “floor” operators,



otherw se term nate the all ocation. Exanple 2 Anot her

way of describing a mapping simlar to that of exanple
waz2i8/0tw3epeci fy the PH CH mappi ng rel ative t oP€TgE2008/050524

PCFI CH mappi ng. This coul d1be done as follows: 1. Let

N denote the nunber of not yet allocated mni-CCEs in

the subframe. Initialize Nto the total nunber of

mni-CCEs in the system bandwi dth, 2. Let k denote the

nunber of PHICH groups to which resources has been

[ ted., Initial I
oLOCR S LIl GEE S ef PBEEH P s, e e
domai n) régodregsfl rst mni-CCE for PCFICH, 3. Allocate

m ni - CCEs nunber no+k, nQ+N 3+k and no+2N 3+k to PHI CH
group k . If either of these mini-CCEs col lides with

gal fea&g’ﬂ‘%hS ﬂhspﬂﬂlpwgﬁﬁ URE 16 e %ﬂé&atgggg-%r back to step 4,

unt I SI on OCcurs

no+N/ 3+lotHerwise- N rhikata, thetatiotatiort. he second mi ni - CCE of
the PHI CH group; simlarly for the third mni-CCE in
the group). If the divisions result in non-integer

reslii'%ttf'shb%ng'é%e?ﬁé‘tl@?lowséﬁarteofga » gdridralERY 'nﬁféihbd A0 of the

"flo

operators, 4. Set k+ (one additional PH CH

gr onne s, léeelnasaalsocanetgecé&omtt\esdestmptlpﬂ alwiet thenatethod 400

1001 HEnOREEeR dohitast B Bretelatscte fa Cohielids Gyslem. and as
fﬁgﬁ@i@éfe@ il Qb ATY, tacebrding €6 efiémetadd M) edcdittbiig node such
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as an E-UTRAN eNodeB controis the transmissions to and from users in a

cell.

Step 410 indicates that transmissions are made in subframes with a certain
extension in time and over a certain amount of subcarriers in frequency, with
the subframes comprising a number of subelements, and as shown in step
415, the method 400 is used for scheduling a first and a second channel in

one and the same subframe.

The method 400 comprises the steps of:

e Dividing, step 420, the transmission resources needed for the first
channel into a first set of resource groups,

e Assigning, step 425, the resource groups of the first set to
subelements in the subframe in a predetermined fashion,

e Assigning, step 430, a symbol value to all subelements in the
subframe which have not been assigned a resource groups of the first
set,

¢ Dividing, step 435, the transmission resources needed for the second

channel into a second set of resource groups ,



invention. As has also energed fromthe description

above, the nethod 400 is intended for use in a
wWowRMezEs30 cel | ul ar comruni cati ons system and BGI/SE2008/050524

indicated in step 405, accd2ding to the nethod 400, a

control I ing node such as an E- UTRAN eNodeB control s

the transm ssions to and fromusers in a cell. Step 4

10 indicates that transm ssions are made i n subfranes

Wit hea Assigaing, swipessd On d Prédet@ndned FusHioR Heried8blrce groups

anmount of subcarriers in frequency, with the subfranes

conpri s?nheaseraiseseloto sunriceenin éﬂo

step 4]§a-dtsp§]b|5¢9%|gg 400 is used for scheduling a

first and a’ secon cﬁannel in one and the sanme

subfrane. The nethod 400 conprises the steps of:

Di yi di tep 420 he transm ssi on resource eeded
5 fd%s ﬂfﬂfﬂg?ﬂeas'_f‘ %tﬁan?ﬁ - Pnee z?”?rgch’?‘e%t"?g'f‘e "Behigec &he resource
Orgtenps of ARSI HHoMA. sétt e 428ignéd @0 IeBRIERENE iAURE &lbframe in
the first set to subelenments in the subfranme in a

prestgdt armanegr thaththey, areasyixignaly speceg a0t frans yadshl other in
L iRy ' f whi ch h
aretfiitya o f oARabS, SubgFubl GRRAEN P BEG, 450, the

Diresdurg, gsdugs 48%het ecdndageiass i &3bidesdub CaQHbaIGRERts in the
for the second channel into a second set of resource

10 gr3iffame ja stghihgranies ghautiiey areaspacaskeparifiem each other in
{ A Riho, 178, 888 S fiURBro! the second set to
su 1

el enent s I'n the subframe by neans of said
synbol values. As indicated in step 445, in one

ewggnicfiﬁrga%d C|)r{ s’tte%e4§g"?t|rbggé etmq?o ir%se?l%{:t%e invention, the first and the
second channel are control channels.
15
Suitably, the method 400 is applied to a downlink subframe.

dRdhassuriampe iby means of

As shown in step 460, the method 400 may in one embodiment be applied to

an E-UTRAN system, Long Term Evolution. In such an embodiment, the

20 subelements are mini-CCEs, Control Channel Elements, also known as

resource element groups, and the control channels are the PCFICH and

PHICH channels, i.e. the Physical Control Format Indicator Channel and the

Physical Hybrid ARQ Indicator Channel.

25 The invention also discloses a scheduling node for use in a cellular system in

which the invention is applied. In a preferred embodiment, the inventive

scheduling node is employed in a controlling node of the system, e.g. an
eNodeB of an E-UTRAN system, although the scheduling node of the

invention can of course also be employed in other nodes of the system.
30

The scheduling node of the invention will mainly be embodied in software, so

that it will be stored in a memory from which it can be accessed and



groups of the second set are assigned to subel enents
in the subfrane in such a manner that they are
wWorenopsedoBy spaced apart from each other in frepUBRENPS/050524

whi | st

i n anot her enbodi mddt, as shown in step 450,

the resource groups of the second set are assigned to

subel enents in the subframe in such a nmanner that they

are spaced apart fromeach other in frequency in a

pr edecetenihyeal coaphitern Fonthis fersoa 8@ 5, whielk gcagmatically shows an

one_enbodi pent of t.he | Nt - i t .
se@éﬁ@pi%gﬂﬁgleﬁp%é'c St %)I% %fhégg%he%aslﬁmgun&?éaeo?g&]et |ﬂgentlon shows
e e dscHRQuiing apgde e300 dnsiddown! eNbdeBbfinagemehsoryh6wd and a
in step 460, the nmethod 400 nmay i n one enboginent be

apProeassep 2P SUGNRARI 8yBYERPIIEEOFel nbiRM

ubPWRVeEN nagain be

Ség%ﬁ 3 s@%ﬁﬁx&% lodafiBn D 5d SEREUSindM FodB 500 &R eNodeB of an
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enments, al so known~as resource

el EvBTRAN aystem aasl shhencionfig @, isimeredy snaexample of a device in
PCFI nd. PH CH channels, i, e he Physi.cal, Contr ol
Fomieh Miivantye esemaronase sl prg bRURIE i d. ARo

| ndi cat or Channel. The invention al so discl oses a

schedul i ng node for use in a cellular systemin which
t héAs haealsoemergeghispmdhe dasceptivrepbeyedhemsbarking node 500 of

]%]rlitiio%e i (ﬁjﬂgﬂ%{%g@g Q%t eiri 2 CERY gyec%ﬁgrﬁggicg}io%sn system in

I
I
I'ng node O em e.dg. an €

E- WHRANtraysriggiodd tdhandrdrheisecheduinatg inasibfeimdédevhich have a
i nvention can of course al so be eggtl oyed in other

nodE§tad HRNEQ8 t Eimtine, cang hubighi

eRgqOVEF 3§ peerain amount of

DI rom

SRR T T ATONS bl s Mmber o

ac cebesmmentdeard the dchgdwingompla 800 isFadapteddorschedule a first and
fig 5 which schematically shows exanpl e of an
15en‘%)ﬁ¢mc bfn gngéﬂgdﬁ? isaawen%ﬂgra&let he invention

shows

The scheduling of the node 500 comprises:

dividing the transmission resources needed for the first channel into a
first set of resource groups,

assigning the resource groups of the first set to subelements in the
subframe in a predetermined fashion,

assigning a symbol value to all subelements in the subframe which
have not been assigned a resource groups of the first set,

dividing the transmission resources needed for the second channel
into a second set of resource groups ,

assigning, in a predetermined fashion, the resource groups of the
second set to subelements in the subframe by means of said symbol

values.

In one embodiment of the scheduling node 500, the resource groups of the

second set are assigned to subelements in the subframe in such a manner



t he schedul i ng node 500 inside an eNodeB, in a nenory
510 and a processor 505 such as a m croprocessor. It

w6 bl tsebowever, agai n be enphasi zed that the PODSEI0081050524

10

15

of the scheduling node 5001#n an eNodeB of an E- UTRAN
systemas shown in fig 5, is nerely an exanple of a

device in which the inventive scheduling node 500 can

be utilized. As has also energed fromthe description
abpeethdyhgresipagiendliyrepared eagz@0frein éduh biMeeit frequéscy, whilst, in
intended for use in a cellular comunications system

i rPvhehembadRerts thiEesogremarqursrefitbersecand sea@ee iassigned to
S icf _h ta j i j

o eREREnt e et nG 26 PR KT dlgl e 272 8pitsd apar
i rfromezachratier ifHespudnicy amagpredeteringedafashivner  of

subel enents, and the scheduling node 500 is adapted to
schedule a first and a second channel in one and the

s aBitFNRf thaTRst e R BBEHd BRarttie! tH SvHION & 98heduling js applied
conprises: dividing the transm ssion resources needed

f c@ret entrolr shamteisnend it ong embedinsent, dher sghmaulisg node the
gr . .gnai Qur, ps of the first

se% 3?“&%@2?éﬁ%ﬁ?ﬁ“ﬁE%Fﬁﬁﬁ@Hﬁﬁﬁgﬁéﬁgn a predeterm ned
fashion, assigning a synbol value to all subel enments

[ t?e Eybf%ane mgich have not been assigned a
r es'6UfF'é y_grt gpsherutng nodese0d &g empleygdiim@nt kd/ TRAN system,
t réﬂt%%ly%'é?ﬂeﬂ@&é’ﬂro?%ﬁ E‘-@ﬂfi@/QNfsyétetrﬁ.e second channel

into a’second set of resource groups , assigning, in
a predeterm ned fashion, the resource groups of the

2 a on&yﬁﬁ&prﬁ % Aot %i?ergapot the' enxatrrﬁ]p es o fan rcr)%inqgntgedae%%rigéd above
and shown in the drawings, but may be freely varied within the scope of the

appended claims.



val ues. In one enbodi nent of the scheduli ng node 500,
the resource groups of the second set are assigned to

waaehzwent s in the subfrane in such a manner t PEIE/SE3008/050524
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are maxi mal ly spaced apart 1from each other in
frequency, whilst, in another enbodi nent, the resource
groups of the second set are assigned to subel enents
in the subfranme in such a manner that they are spaced
apdrtAM®Sm each ot her in frequency in a predeterm ned
fashion. Suitably, the first and the second channel to
whi ch the scheduling is applied are control channel s,

and iR @Bt TRIH usd e Sotinslesd r@llDRFecdiMunications system
scheduling to one or nore downlink subfranes.

Pr éf BPhsIcgording te srdehy meatgos adeordmdlings nedd [ by@dcqmirads (405) the

E- i8] | ' B. of - N
oy JESHIBhE Mo Dbl Ao | odiy, ABEC0"a PRl Wi and (100)
of temsotésions areesade betd)dbavefrantsstBdd with 4 vertain extension in

drawi ngs, ,but may be freely varjed wthin the scope of )
t hdMHpRIMHRYEE| &i RETRNAPRISUN SNJ SEPRBUIE 310 f'Br?fS@\ée”CY» said
in ' e ingo ' i ( )

Lo SRR ITIGLMRAEOTNIRES! PISLBIEHENS( (40 e metnos
cortaing ss¢d o) schasduingr(¢iby sifivstsand assatohdochampet & one and the

(A0 B, s e o 3gfind ) st ool o are

ext ensi Qfivibiim 3412@)Qﬁ‘é’t@%@hi@si@@rré@dd?cé‘é’"h@@ﬁe@“for the first channel
subcarriers ? ) in frequency, said subframes (310)

conpri siintg afirlsebef wsogigseg@wpst s (21 0), the net hod
bei ng_used. f or dul in 41 5) a first and, a con
channel ovesies 15451 e Shitee iolne orthe et fish 6 Hlbetomens
conpri si(Rgo} ivethetRipFrapie (310)Vh di gredétetMinddRshion,
transm ssi on resources needed for the first channel
e assigning (430) a symbol value to all subelements (210) in the
subframe (310) which have not been assigned a resource groups of
the first set,
e dividing (435) the transmission resources needed for the second
channel into a second set of resource groups ,
e assigning (440), in a predetermined fashion, the resource groups of
the second set to subelements (210) in the subframe by means of said

symbol values.

2. The method (400, 445) of claim 1, according to which the resource groups
of the second set are assigned to subelements (210) in the subframe (310) in
such a manner that they are maximally spaced apart from each other in

frequency.

3. The method (400, 450) of claim 1, according to which the resource groups

of the second set are assigned to subelements (210) in the subframe (310) in



into a first set of resource groups, assigning (425)
the resource groups of the first set to subel enents

W@ 2090)5680 t he subfrane (310) in a predeter m nRCI/SE2008/050524
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fashion, assigning (430) aésynbol value to all

subel enents (210) in the subfranme (31 0) which have

not been assigned a resource groups of the first set,

di viding (435) the transm ssion resources needed for

t hszichex orahreh anatethey rire spased @apdrisfeomafaahestber aefrequency in a

gr oga@geémfr%zjs%ggl ng (440), in a predeterm ned fashion,

¥ of the second set to subel enents
(210) in the subfrane by nmeans of said synbol val ues.
2 . The nethod 5400 445) of claim11l, according to
wht.chhe methed dd @e4@5)oefp§mo1of chimsetdnacserding & which the first

2SRRI AR REPIES APk e subfrare (310) i

manner are maxi mal'ly spaced apart
fromeach other in frequency 3. The net hod (400, 450)
of claiml1l, according to ich the re Qurce gr.o
tre Lae ghethed: (4508 oémfgﬁgghq praiDe Gl a(p%he%)to % ‘downiink
thﬁﬂﬁﬁﬁﬁé )(310) i nsuch a manner that they are
spaced apart ‘from each other in frequency in a
predeterm ned fashion. 4. The nethod (400, 455) of any

seohe et (43Pe AEENA e Rilie pteViels Fimioprplitd to an E-
(40PRAN s\ ¥MOT oh§ T ePiemiuore! ai s, applied to a
downl i nk subframe (310). 6. The net hod (400, 460) of

any of the previous clains, applied to an EUTRAN
7. The method of claim 6, according to which the subelements are mini-

CCEs, Control Channel Elements, i.e. groups of four E-UTRAN resource

elements (210).

8. The method (400) of any of claims 4-7, according to which the control
channels are the PCFICH and PHICH channels, i.e. the Physical Control
Format Indicator Channel and the Physical Hybrid ARQ Indicator Channel.

9. A scheduling node (500) for use in a cellular communications system (100)
in which transmissions to and from users are made in subframes (310) which
have a certain extension in time and which extend over a certain amount of
subcarriers (Af) in frequency, with the subframes (310) comprising a number
of subelements (210), the scheduling node (500) being adapted to schedule
a first and a second channel in one and the same subframe, with the
scheduling comprising:

« dividing the transmission resources needed for the first channel into a

first set of resource groups,
o assigning the resource groups of the first set to subelements (210) in

the subframe (310) in a predetermined fashion,



system Long Term Evol ution. 7. The nethod of claim6,

according to which the subel enents are m ni - CCEs,
w@wnome3cChannel El ements, i.e. groups of fourP@&/EERND50524

resource elenments (21 0). 87 The nethod (400) of any

of clainms 4-7, according to which the control channels

are the PCFICH and PHI CH channels, i.e. the Physical

Control Format |ndicator Channel and the Physical

Hybri« ARSghitdj aasynbGhualvel to 8ll sabsetdraentsi (2g Ondadhe subframe

(300) 1 IR L AR AR e BRIy the first set.
made | n HHPHEaMRStraAdRlssMH ¢8sdiares meeBietiaion tA¥t &stin@Nchannel
in tine and whi ch extend over a certain anount of

subcar riintosa $&%9nd setfofggeRuics IraiRH. t he subfranes

(310) conprising a _nunber of. s enent.s_( t
Sschedll i@55'95: Ns80h" &t‘?{g"%‘igf?éﬁ"’{‘o t@%h%gp'émag%“ps of the
first andcangerdnd sibyeRknisn(2IMg iantet Sibfemn® by means of said
subframe, with the scheduling conprising: dividing

t he trasymbedvalesesour ces needed for the first

channel into a first set of resource groups,

assigning the resource groups of the first set to

subg. errenisshé@llind) nodet dfeclainhfd, aimewh&h0)he mesource groups of the

predet erm ned fashion, assignin nbol valuye to .
105 uisecend fes a(‘?i‘é?'gﬂﬁgttﬂéu s@am%fﬁé?eie{bw i b m%@ié) in such
been ARRLENRA t19ey SRPMakinalos e agdtefrbhd ééchSSFhﬁr in frequency.

di viding the transm ssion resources needed for the
second channel into a second set of resource groups ,

assj gning, [n.a.predetermned fashion e S C

ar b 57 sehBo QuRb Arbct BTE tero s HE TEHHR Fiups of the

subfdcaRB deY @ aksighdaidlibelements (210) in the subframe (310) in such
15 a manner that they are spaced apart from each other in frequency in a

predetermined fashion.

12. The scheduling node of any of claims 9-11, in which the first and the
second channel are control channels.

20
13. The scheduling node of any of claims 9-12, which applies the scheduling
to a downlink subframe (310).

14. The scheduling node of any of claims 9-13, being employed in an E-
25 UTRAN system, Long Term Evolution.

15. The scheduling node of claim 14, being employed in an eNodeB in an E-
UTRAN system.



synbol val ues. 10. The scheduling node of claim9 , in

whi ch the resource groups of the second set are
waz@ogmed t o subel ements (210) in the subfranePCBIE08/050524

such a manner that they ard8maxi mally spaced apart

fromeach other in frequency. 11. The schedul i ng node

of claim9, in which the resource groups of the second

set are assigned to subelenents (210) in the subframe

( 380)Thiensheeinling madeeof thah they i, ensphickdhapaubeldments are

T INYE Eac oAl RERRBRE By 161 Oig ) oui EUTRAN resource
m@kgﬂeﬁ@qzﬁ%fst and the second channel are contro

channel s The schedul i ng node of any of clains
9-12, mhlch applies the scheduling to a downli nk
5 l’igfr gﬂr& eT:égl @qgﬁ%lhfﬁ% T(ilfm a\m’{lcﬂfthe control

LQHQBH'@lé”ér’évmleUPlOaFﬂCHl%ndTihHé(SHh@thﬂnem |rmdtheoPh9$laalrrContro|
14 el ng enployed in an eNodeB
syormat Ificatie Mﬁnﬁgthﬁolavma'cwwm IndigatqrChannel.

whi ch the subel ements are m ni - CCEs, Control Channe
El ements, i.e. groups of four E-UTRAN resource

el ements (210). 17. The scheduling node of any of
clainms 12-16, in which the control channels are the
PCFI CH and PHI CH channels, i.e. the Physical Contro
Format | ndicator Channel and the Physical Hybrid ARQ
I ndi cat or Channel .



