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Interoperability for Microwave Access (WiMax), and Ultra Mobile Broadband (UMB), just

15 to mention a few.

Long Term Evolution (LTE) is a project within the 3rd Generation Partnership
Project (3GPP) to evolve the WCDMA standard towards the fourth generation of mobile
telecommunication networks. In comparisons with WCDMA, LTE provides increased
capacity, much higher data peak rates and significantly improved latency numbers. For

20 example, the LTE specifications support downlink data peak rates up to 300 Mbps, uplink
data peak rates of up to 75 Mbit/s and radio access network round-trip times of less than
10 ms. In addition, LTE supports scalable carrier bandwidths from 20 MHz down to 1.4
MHz and supports both Frequency Division Duplex (FDD) and Time Division Duplex
(TDD) operation.

25 LTE is a Frequency Division Multiplexing technology wherein Orthogonal
Frequency Division Multiplexing (OFDM) is used in a downlink (DL) transmission from a
radio base station to a user equipment. Single Carrier - Frequency Domain Multiple
Access (SC-FDMA) is used in an uplink (UL) transmission from the user equipment to the
radio base station. Services in LTE are supported in the packet switched domain.The SC-

30 FDMA used in the uplink is also referred to as Discrete Fourier Transform Spread (DFTS)
- OFDM.

The basic LTE downlink physical resource may thus be seen as a time-frequency

grid as illustrated in Fig. 1, where each Resource Element (RE) corresponds to one
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LTE uses hybrid-Automatic Repeat Request (ARQ), where, after receiving
25 downlink data in a subframe, the user equipment attempts to decode it and reports to the
radio base station using uplink control signaling whether the decoding was successful by
sending an Acknowledgement (ACK) if successful decoding or a “non Acknowledgement”
(NACK) if not successful decoding. In case of an unsuccessful decoding attempt, the
radio base station may retransmit the erroneous data.
30
Uplink control signaling from the user equipment or terminal to the base station or
radio base station comprises
hybrid-ARQ acknowledgements for received downlink data;
. user equipment or terminal reports related to the downlink channel

35 conditions, used as assistance for the downlink scheduling;
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20 total available cell uplink system bandwidth. Each such resource comprises twelve
“subcarriers”, i.e. it comprises one resource block, within each of the two slots of an uplink
subframe. In order to provide frequency diversity, these frequency resources are
frequency hopping on the slot boundary, as illustrated by the arrow, i.e. within a subframe
there is one “resource” 41 comprising 12 subcarriers at the upper part of the spectrum

25 within a first slot of the subframe and an equally sized resource 42 at the lower part of the
spectrum during a second slot of the subframe or vice versa. If more resources are
needed for the uplink L1/L2 control signaling, e.g. in case of very large overall
transmission bandwidth supporting a large number of users, additional resource blocks
may be assigned next to the previously assigned resource blocks. Frequencies f or

30 subcarriers are defined along an z-axis and symbols are defined along an x-axis.

The reasons for locating the PUCCH resources at the edges of the overall

available spectrum are:
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Similarly to the case of reference signals, there are up to twelve different phase rotations

specified, providing up to twelve different orthogonal sequences from each cell-specific
20 sequence. However, in the case of frequency-selective channels, not all the twelve phase

rotations may be used if orthogonality is to be retained. Typically, up to six rotations are

considered usable in a cell.

As mentioned above, uplink L1/L2 control signaling includes hybrid-ARQ
25 acknowledgements, channel-status reports and scheduling requests. Different
combinations of these types of messages are possible, using one of two available

PUCCH formats, capable of carrying different number of bits.

PUCCH format 1.There are actually three formats, 1, 1a, and 1b in the LTE
30 specifications, although herein they are all referred to as format 1 for simplicity.
PUCCH format 1 is used for hybrid-ARQ acknowledgements and scheduling requests. It
is capable of carrying up to two information bits in addition to Discontinuous Transmission
(DTX). If no information transmission was detected in the downlink, no acknowledgement
is generated, also known as DTX. Hence, there are 3 or 5 different combinations,

35 depending on whether MIMO was used on the downlink or not. This is illustrated in Fig. 5.
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Channel-status reports are used to provide the radio base station or eNodeB with
an estimate of the channel properties at the user equipment or terminal in order to aid

25 channel-dependent scheduling. A channel-status report comprises multiple bits per
subframe. PUCCH format 1, which is capable of at most two bits of information per
subframe, can obviously not be used for this purpose. Transmission of channel-status
reports on the PUCCH is instead handled by PUCCH format 2, which is capable of
multiple information bits per subframe.

30 PUCCH format 2, illustrated for normal cyclic prefix in Fig. 7, is based on a phase rotation
of the same cell-specific sequence as format 1, i.e. lenghth-12 phase rotated sequence
that is varying per SC-FDMA or DFTS-OFDM symbol. The information bits are block
coded, QPSK modulated, each QPSK symbol b0-b9 from the coding is multiplied by the
phase rotated length-12 sequence and all SC-FDMA or DFTS-OFDM symbols are finally

35 |IFFT processed before transmitted.
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acknow edgenent nessage is a single bit as there is onl é a si ngﬂe transport
bl ock peroreédgpesERenanheariar In gaseiel spaip! myltiplexing FsackapwiedgengRtangssgef t o t he

same Use rwo@&ﬁrﬂeshb%toq%tbr@ bs (H@F(Qiref t% HRAGHLI B16 s\ &ﬁﬁ@br‘feh%érh@r in

performed on the | ayer. In the di um 20 Access Control (MAC) | ayer MAC

nul ti pl exthisgasmalreadrm H\edﬁﬁ‘??ﬁf ‘Pfé—TﬁeP‘f%hsﬁﬁ%P Ffrsretrl MHAYRENN% A 1n the

physi cal JRkN)edgenednthite b@g; biCEDMeFid WhBtd SRyI@trahdpRridaéok Jek ow i s
performed. Tr a(ralsmttnl n S Ir@{u@blrl d- ARQ ac?nowmed%gnﬂﬁt nessﬂar%‘fes one

per 25 cAPptRentt caEler| Chf 1. n"%ﬁét%uat%%ﬂ%?tb@st’ﬂ WSPeSGRR. LM ¢ he

current LcBﬁtr&r(Rqe?fw)éa& héoé.kx@d\d&(ﬁlﬂbwné BrfdrimeonuRd RDE 1SNt @le Me@O@l | Ng
structures are to two bits of |nfornat|orp meéqg?hsem

back t# t"}ffée?%@i)'b‘r%él\éécﬂaé?'i Mﬁcd?l"té?@%%a%lﬁﬁ PURLESSHNE ek

possi bi | idaya ficw. tiﬁtr@m@%@awbﬂm River e lBen eAgePEM nbidtistiornéfahé dstarigvas
nmessage. 30 For exanple, ACK could be signaled only if all transport bl ocks

on all cd??ﬁ@ﬁé?ﬁ- carriers are correctly received in a given subfrane,
otherwise a NACK is fed back. A drawback of this is that some transport
bl ocks might be retransm tted even if they were correctly received, which

coul d reduce pePRRIHREFIIAe bYREdARQ @Rfnowledgement messages. §Rhg a nul ti - bi t
hybri dyARGhRekBRWaaRE ENBN dofieitlatichsd tRIubREORE] IV BieTursl LIH Prequélayever

'n case Oglvgllé!wtl\/lluﬁ)tllpel}exd((l):vt\)/nl\/ll)lu%hnkcgoWrgpsﬁgrEahﬁg rstrrtlJcE’E\LrJrSes aFeht% bneurgt)s?ed a{ most two
bits of information may be sent back to the radio base station or eNodeB using PUCCH
format 1.
One possibility is to bundle multiple acknowledgement bits into a single message.
30 For example, ACK could be signaled only if all transport blocks on all component carriers
are correctly received in a given subframe, otherwise a NACK is fed back. A drawback of
this is that some transport blocks might be retransmitted even if they were correctly
received, which could reduce performance of the system.
Introducing a multi-bit hybrid-ARQ acknowledgement format is an alternative

35 solution. However, in case of multiple downlink component carriers, the number of



WO 2011/ 087448PCT/ SE2011/ 050052 7 acknow edgenent bits in the uplink may
becone quite large. For exanple, with five conponent carriers, each using
M MO, t hewe 2ar1e83&8di f f erent conbi nati ons, keepi ng i n mpod/SEb@Et/osdes2 DTX i s
preferably accounted for as well, requiring at |least 10g2(55)1 1.6 bits.
The situation can get even worse in Tinme Division Duplex (TDD), where

nul ti pl e Leneki8derert BRE MARE SpIRYMAEBsEoh R c?ﬁemb@mﬁr@dgaﬂlej Wittafivei ngl e

upli nk subframe.” For exanple, in a TDD configuration w %,h 4 downl.i nk

subf r amesCoORMPNENt farTishk eaghHsiRgMIME), thergare ﬂgféée'aﬁemém QNSRS Bns,

corr esD%BQhét?né’Bfﬁ I{ﬁ}%@éﬁ% Q#citogat%ti f&%ﬁ/&e&%@qgﬂing at least logA8°-8A 1 dits. t her e

is no P format In peci cap carfying such a |arge nunber
of bits. TH: SUMMRAN get even Warseln) Eiote DivisientbiexdMDB).ivdreee multipletdownrinlyi de a

mechani sm t hat enabl es high_transnission_perfar j radi :

Comuni S PURLeR BRIgERe AR PRRdb BT hgRie IR RRal For AL o
aspect of TRDodfiguenibs wite Medawrlihlesifjaets dnd laginkesedrape perdenhddere@rar user
equi prent sf,or transmttin i Lif QroBElQRni N tine slots in a
subfrane %v@?mém?god\soc%heg R qq'J]EIf %Kggr%gﬁ%rgh%g%egs't at iag'%.n' The radi o channel is
arranged to caCunentiplthere i€ oonPUGICH fofroatial TBrspaciied ¢apableef cayingpawaita and
radi o baﬁe st at ibon tarfrjré 20 conprised in a radi o comruni cati ons network. The
upl i nk c oAt 88t i on i s conprised in a block of bits. The user
equi pnemt maps the bl ock of bits to a sequence of conpl ex val ued nodul ati on
synbol s. The user equi pnent al so bl ock spreads the sequence of conpl ex

val ued nodul ati on synbol s across Di screte Fourier Transform Spread -

Ort hogon I@Iﬁ/l Iayequency Division Multiplexing (DFTS-OFDM) synbols. This is
per forne %y gppl ying a spreadi ng sequence to the sequence of conpl ex

| ued dul at} , : i .
va' uec mcu atA@&Jéé%%ﬁ?@dl#@%ﬁ%‘é@M% B pPdRfka ?ﬁ?ﬁﬂ{}rnﬁwgﬂg@e@ﬁg?g?l ex

val ued nodul at'ion™s equi pnent transtorns

bl ock- sprteadnsssipnereciorrodinaednpradio gamomedicateng| netwerk insgmbibirisniyeaneFTS- OFDM
synbol 15 This is performed by applying a matrix that depends on a DFTS- 30
OFDM synbol index and/or slot index to the bl ock-spread sequence of conpl ex
val ued nodul atAwnardiyntod fist aepectief embediniepieeitreintrpohieciissaghisyed B abl ock

R R e et
subframe over a radio channel to a radio base station. The radio channel is arranged to
carry uplink control information and the user equipment and radio base station are

20 comprised in a radio communications network. The uplink control information is comprised
in a block of bits.

The user equipment maps the block of bits to a sequence of complex valued
modulation symbols. The user equipment also block spreads the sequence of complex
valued modulation symbols across Discrete Fourier Transform Spread — Orthogonal

25 Frequency Division Multiplexing (DFTS-OFDM) symbols. This is performed by applying a
spreading sequence to the sequence of complex valued modulation symbols, to achieve a
block spread sequence of complex valued modulation symbols. The user equipment
further transforms the block-spread sequence of complex valued modulation symbols per
DFTS-OFDM symbol. This is performed by applying a matrix that depends on a DFTS-

30 OFDM symbol index and/or slot index to the block-spread sequence of complex valued
modulation symbols. The user equipment also transmits the block spread sequence of

complex valued modulation symbols that has been transformed over the radio channel to

the radio base station.



WO 2011/ 087448PCT/ SE2011/ 050052 8 Accordi ng to anot her aspect of
enbodi nents herein the object is achieved by a user equipnment for
transm t twogoupisi4aR control information in tine slots i RCa/SEedafins0we2 over a
radi o channel to a radi o base station. gThe radi o channel is arranged to
carry uplink control information, and the uplink control information is

conprised in azdbRreg t@fanethbsasp‘%lih@r HRRIdirRSHE PRI the OBJRET |§@5h|avemm/m ng
circuit configured to map the bl ock of bits to a sequence of Eﬁarggl ex val ued

nodul at i o#$eE§HiNent fag té%‘smt‘tﬂ’ég wRligk C@Ef{ﬁlmﬁ"tat'(?%ﬁbtr‘m%é@tsa{” BI1SY P¥di ng
circuit copliciHagRelt®abhas 5a§é3§t§ﬁ’éi1 trhe r&ReIRmeel |@farr§ﬁ?g’631 t8Xamplipiest

nodul ati on synbol s across DFTS- OFDM synbol s by rgg %/%ing a ?g?l ng
sequence foptrpheforpziigenard he L@Mﬁﬁ%&ro\/‘m‘)ﬂ@ﬁt'%ﬂﬁf’ il ?r%%?igé) % achieve a
bl ock 1 spreafhsSRQHEANGSMEM CRIFPLEXa H@by;ﬂg chagidoatig@ad symaplis bidukrdfher nor e,
t he user equi pment conprises a transformng circuit onf| ured %ﬁ transform

t he bl ockb"‘éé@ éé@qlﬁtﬁﬁé’ﬁé@“@?x ¥ pefl @edylaliQnedy MRotuAEC; B r

DFTS- OFDM&M?@@J, bibRk Spleddiflg RRcUMWCOARRINY Rgolackr@réawthbfsa@uém@@nd@nmaxa
DFTS- OFDM sy al nd expan | gr c';5I ot ?%ldex to the bl ock-s read%dsequence of

conpl ex v\@I‘%?éd“?ﬁ}tEﬁ]'PatSV@ﬁ°'§@ﬁﬁl§F SFTPHF M symegs; bdr?é’ﬁ{y'”gl SPrexiibnpri ses a

transm t t&k u@%tb%@é@qu@ﬁcé 6%%&& ValiRdhQfkatid R spadols &g weRiege 8bloernpl ex
val ued m)dul ation synbols that has been transforned over the radi o channel

to theld srendseserdeAlicomplexvabiedimpguiadonautbris FEHetRors: e NEYdi ment s

her ei n t he, APhét borridel @uRbrMAgairdit BBHIEARdItE trandfaeh deltasr-speaidi on f or
receiving uplink control information in tine slots in a sgjcgffame over a

radi o chaedeendersPaplesaplued maskiaten symee's Befi BF tHRTRY syr his§&EE o carry

upl i nk C%Vé;ffbhymgné %frﬁtthékrueaeﬂhst&ﬁa gphsmm%ym@bt ihddxQaadris@ index eompr i sed
in a block The user equi prent and radi o base station are\?i%orrprl sed

in a radiQodkorriead eateRRso rempisxwaluss TrRdufalign syrpbdle ed{sehRayRIBEt

sequenge QfmfrREPL %‘rénéﬁﬁhté%bn‘ﬁ?%ﬁ% tr@rﬁ\snﬁb’tﬂb@lo‘ék simtéd rs@duéhcb@seorﬁ;bléil on al so
OFDM denodul at es t he sequence of | ex val ued m% ﬂ% on sgrﬁgol s.,. The
Sy#AHB L t

radi o bas\@'@@d’ﬂ‘i’%’?“&f‘§&$mPP'§ﬁ@éft8??r§eerbE?”slﬁFfﬁ“§ GBI hanngliodq (fdite of
conpl ex wsHsdagsgrdul ati on synbol s that has been OFDM denodul ated by
applying a matri x that depends on a DFTS- OFDM synbol i ndex and/or 30 sl ot
i ndex to the OFDM denodul at ed sequence of conpl ex val ued nodul ati on

synbol s. AccoRfthd BEHnBtHRAEEp st @ﬁénﬁb’bdﬁrﬂéﬁt@ﬁéreﬁﬁt&@bﬁ,@dﬁlstablﬁieﬁeiimyea‘lce of
conpl ex val ued nodulation synbols that ha

t r ansf & naethad ine rdipcgsesiriion dordaerivne Bl W@nV‘ng” BmPﬁi'QE '%?rﬁ? F@ﬁs 'Hlaso maps

t he despreafamBINens Aaddf cHe@RBI fRf y@hm rﬂhﬁhﬂﬁaﬁhe&adlswhbmiﬁlstdﬁﬁngbﬁm been
OFDM denpdul at ed and transf orned, e hl ock of

bi t \\O
2011/ 087 &£8mepfiddEeanre) iisgnaton and the uplln% Control information is comprlsed in a block
of bits. The user equipment and radio base station are comprised in a radio

communications network.

25 The radio base station receives a sequence of complex valued modulation
symbols. The radio base station also OFDM demodulates the sequence of complex
valued modulation symbols. The radio base station also transforms, per DFTS-OFDM
symbol, the sequence of complex valued modulation symbols that has been OFDM
demodulated by applying a matrix that depends on a DFTS-OFDM symbol index and/or

30 slot index to the OFDM demodulated sequence of complex valued modulation symbols.

The radio base station further despreads the sequence of complex valued
modulation symbols that has been OFDM demodulated and transformed with a
despreading sequence. The radio base station also maps the despread sequence of
complex valued modulation symbols that has been OFDM demodulated and transformed,

35 to the block of bits.



9 Accordi ng to anot her aspect of enbodi nents herein the object is
achi eved by a radi o base station for receiving uplink control information
in tinme swotwsiias7assubfrane over a radi o channel from arPuIsE2@qosEENt. The
radi o channel is arranged to carry uplignk 5 control information, and the
uplink control information is conprised in a block of bits. The radi o base
station conprises a receiver configured to receive a sequence of conpl ex
val ued nodul ati on synbols. The radi o base station also co |se an OFDM

denodul ati ng diceeding te gaethgasaect & e@@ﬂ”&éﬁ%‘&ﬁfﬁ'&ﬂ@e phigctd Aelis fa conpl ex
val ued Mgyl abiO S RP teivildRipTiREEStRABRABAIN iAfinfelIdtB 8T a §l§1ﬂ?@?ﬂe’iﬁ&ra
transform ng circuit 10 configured to transfor per DFTS- OFDM synbol , the
sequence aoRdiggignest frpg) esereadiRMENt dhe s3didpshanne éla”ﬁﬁ%edot@é‘ﬁrw

demdu'satc%qtraynf@m%h n:QnoathQ@ fidkconBatinRRaRASs Q@nals@ﬁ-ﬁwsa GldNos it The | Nndex
and/or slot Index to the OFDM denpdul at ed sequence of n;)I ex val ued

nodul at i dadie pasestatiomermprisas 8 recaiver §pRfigua taweesﬂ\@oﬁrﬁq%@%

despr eadiyage 'nﬁé&dﬂattloﬁ@%b&h”ﬂfe rE&o@a@&&a@%Ql%@@é‘mb%sWﬁDMe of conpl ex
val ued 15 nodul at1on synbol s has been OFDM denodul at ed and

t r ansf or régoduleting élfcd'é%ﬁ@tﬂ‘?q’@ %%%Méjﬁ*ﬁ@dmﬁtﬁtf‘ﬂéi?%ﬁ”ée of fRMpIgYYuEhse

station Qx%H?Ht‘rBﬁ ﬁbH@Pﬂﬂé&‘édf&'Ha%elsianeﬁ)njrthgué&ﬁprtses a&@ngﬂaﬂnﬂg%pélﬁtad sequence
of conpl ex val ue dul ati on s_ly has been OFDM dem)dul ated and

t r ansfiér reedfigured toﬁéarﬁf%f@kp%ffmb & QFD%QWP&' theygequenes ofaMPIPnaeder ence i s
reduced s}06GtbRSyMBLIS tAat Ahs B@érr bEPM @érﬁ&ﬁﬁé?éd‘fg:éé'&y i Q%t@pﬂhaadiep%aayence

of conpl ex val ued” nodul ati on synbol s E and thereb}/

i ncr ease®n mDET$@F@MéY@Q@m®§Sﬁ”SW sigt thgptorige OF D%G?'ﬁ@?u'%t@ﬁé@‘ﬁ“e@fce 0

enbodi meni, 'ib%(r\%!uédtn%dk%ﬁ%mbélsama YR baBY s@ua@ambbmgnsd’s Aplbey M nal for
transmttlng uplink control information in a slot in a sub rane over a

channel tdsserepdise ciseuit Gapfigurad ko Rlpsketespread dnebel Uears BfnC%“y@%Yﬂ Uefhe upl i nk

cont rofs 'rﬁﬁcﬁfﬁﬁws%bbl% tr%mmaé bS&TOFDMASRSHRINE End TFARfdrRical with amaps the code
word to nodul ati on synbol The term nal bl ock spreads the nodul ation

synbol s aﬂ@ﬁ@r%dlm*fequeocemm@@ e radipdaty ﬁgt'qrh@”?ﬁ%ﬁ? AMPRNGHEYE s for
each DFT%OGF@\MWQ& tabspRAK¥EAENRE ofchthpekvanseadtnetsegmatehal wei ght
r

factors to t |:peat ed nodul ati on synbols to achi eve a respective wei ghted
copy of thee bepa@FaM esmaguiaier ang Fandawiedpiertae BB EYifhol . The terminal then

transforns, for each DFTS— CFDIVI synbol , the respective wei ght ed copy of the
nodul ati on synbols by ap %ea matri x that depends on a gThEEM ssynbol

i ndex 2nhd/ or SIhes. thades- (fedi ”itﬂ repesya cequred w@P@meeraa%ﬁpm@f“CFﬁ Fat i on
35 symbolife bﬂSBt@sﬁreééf‘s enk& 8NcdnfaIEVEI G mEdUIsionWynboR R OF TBFJISSIGFDM
synbol, the WD 2011/087448PCT/ SE2011/ 050052 10 respecti ve wei ghted copy of

t he nodulsaiireharsytheisPy incrrases ide e VANSFYPed to the base station. In
sonme enbodi ments herein, a transm ssion format is provided wherein a code

According to another aspect of embodiments herein the object is achieved by a

25 method in a terminal for transmitting uplink control information in a slot in a subframe over
a channel to a base station in a wireless communication system. The uplink control
information is comprised in a code word. The terminal maps the code word to modulation
symbols. The terminal block spreads the modulation symbols across DFTS—~ OFDM
symbols by repeating the modulation symbols for each DFTS-OFDM symbol and applying

30 a block spreading sequence of weight factors to the repeated modulation symbols to
achieve a respective weighted copy of the modulation symbols for each DFTS-OFDM
symbol. The terminal then transforms, for each DFTS-OFDM symbol, the respective
weighted copy of the modulation symbols by applying a matrix that depends on a DFTS-
OFDM symbol index and/or slot index to the respective weighted copy of the modulation

35 symbols. The terminal then transmits, on or within each DFTS-OFDM symbol, the



5 word or block of bits corresponding to uplink control information from
all configured or activated conponent carriers of a single user is mapped
t o nodul avoantiggmasl s such as a sequence of conpl ex val eret/SEpdwlostosDN
synbol s and bl ock spread over DFTS- OFDM synbol s using a spreadi hg sequence.
The synbol sequence within one DFTS-OFDM synbol is then transformed and

transmi t t,gehamitdivBightea &Bﬁoﬁﬁg%daala%ﬁ}ém@dls thhOhddibdenittsiongedfo tisers is

enabl ed with bl ock spreading, i.e. the sane signal or synbol sequence is
spread actasgstaiPd. DFTS- OFDM synbol s within one slot or subframe and the
transformati on per DFTS- OFDM synbol reduces the inter-cell interference. 15
BRI EF DESCRI PTI ON OF THE DRAW N Enbodi nent s now be descri bed

in more det ai I'”lsﬁmP@I”H’Pidthi‘?"tt%hQrﬁ@ éH@F%E'éﬁO‘aF%WH é’ro""}rl‘\?ndv\’}‘neé?'ln aEOge 1is a

bl ock dj %ré@rg%[?k 6t t')IBQ:oFr@%BhHQ@Sto uplirk dcohﬁélltlﬁﬂﬁ’bfaﬂohrfﬁ)ngéll ébnﬂljurgd oRis a
bl ock di agram depictin ti me-donai n structuregg dlofrarre 20

Fig. 3is astivated Roﬂp%flﬁngﬁ?rﬂé'ﬁl%?lwl%%%dﬂ rgaRpegte impsy O'E)WIP OAS SIS Tk
subfr ama’seﬁhgnceddf%o@tpfé&%i&eg'nﬂﬁh%ﬁbﬁ@ﬂhl%lé BEd blebk sfesd blet DFTISLOPDM

signal ling transm ssion on PUCCH, 5is a table defini nati ons of
HARQ i nf cYPOISA$iNoRA $predting geenek T(ﬂ‘ieégF‘QPrll SAUBGECHIP ﬁgigga% nor mal

l'engt h ofsyaifl ks Ghd Bdristorméa aﬁh grangmlﬁe@m)ﬂhlﬁ(%ﬂfe SheAOF PSIGHDNPERbbIf or mat 2 wi t h
normal |ength of cyclic prefix, is a block dia ra,%ﬁ(i PICtIng carrier
aggr eght i Mwliplexigg o 5§r$a'3tﬂ”6€'Rdm‘tﬁﬁ%&hsa@ﬁp'@&'r?g”ﬁ_ a" NP9 ayers for

carrier aggreqalis Qﬁ'reaE'aeroségn E)Fasttbmm sUinBEIE AithHefieidt bg sabffaath &nd the

communi cati ons networ k . 11is a bl ock diagram depicting a process
a user edtaAngfaskation per DFTS- OFD?/I symbol reduces the mter-cgell inte ergnce g P 'n

15 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described in more detail in relation to the enclosed
drawings, in which:

Fig. 1 is a block diagram depicting resources in a frequency-time grid,
Fig. 2 is a block diagram depicting a LTE time-domain structure of a radio frame,
20 Fig.3 is a block diagram depicting symbols distributed over a downlink subframe,
Fig. 4 is a block diagram depicting Uplink L1/L2 control signalling transmission on
PUCCH,
Fig. 5 is a table defining combinations of HARQ information,
Fig. 6 is a block diagram of PUCCH format 1 with normal length of cyclic prefix,
25 Fig. 7 is a block diagram of PUCCH format 2 with normal length of cyclic prefix,
Fig. 8 is a block diagram depicting carrier aggregation,
Fig. 9 is a block diagram depicting RLC/MAC and PHY layers for carrier
aggregation,
Fig. 10 is a block diagram depicting a radio communications network,
30 Fig. 11 is a block diagram depicting a process in a user equipment,
Fig. 12 is a block diagram depicting a process in a user equipment,
Fig. 13 is a block diagram depicting a process in a user equipment,
Fig. 14 is a block diagram depicting a process in a user equipment,
Fig. 15 is a block diagram depicting a process in a user equipment,

35 Fig. 16 is a block diagram depicting a process in a user equipment,



Fig. 12is a block diagramdepicting a process in a user equipnent, Fig.
13is a bl ock di agram depicting a process in a user equipnment, Fig. 14is a
bl ock di ayoamdspi4sting a process in a user equipnment, PCE/SEEISS@sDI ock
di agram depi cting a process in a user eqguipnment, 35 Fig. 16is a bl ock

di agram depi cting a process in a user equipnent, WO

2011/ 087448RGT/ SEZQS’L;/b%Qgé\%raHdgm&mg]a?br%c@sst?vl\ a¢KkebAtnagRtdepi cting a

process in a user equ . 18's a bl ock di agram depicting a process
in a userFi@dd prentis ap kd@gragn 6%13'[{5‘@1@ RIPERFSAMAWSRT RIURIE™ process in a

user equigyremt, Fi gsla%@cﬁdﬁag?‘ém@@ﬁ&tln‘é £ bBUERaR b Rbr GuRASRSS I N a user

equi pnent,~ 5 Fig. IS a r%ram depicting a user equi pnent, Fig.
22i's a sdhemtic f linasplanpatisillowchrrbelesrropessin pa§PoeBéee ¥t at i on, and Fi g.
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DESCRI 'scl oses a schenatic radi o conmuni catlon
net wor k, Fig.€2 ref eris éG}Cl'ﬂan%t§f@wﬁ&@@f@@roé%ﬁﬁmﬁlré@ﬂbéﬁﬁ gotienedMd according to

a radio aqcons techughgy dakd @épl&ﬁ'@ga TaloBEuatdtbhon (LTE), LTE-Advanced,
3rd Ceneration Partnership Project GPP) W deband Code Division Miltiple

Access (WCDWVA), d obal System for |Vbb| | e

10 DETAILED DESCRIPTION

Fig. 10 discloses a schematic radio communication network, also referred to as a
wireless communication system, according to a radio access technology such as Long
Term Evolution (LTE), LTE-Advanced, 3rd Generation Partnership Project (3GPP)
Wideband Code Division Multiple Access (WCDMA), Global System for Mobile

15 communications/Enhanced Data rate for GSM Evolution (SM/EDGE), Worldwide
Interoperability for Microwave Access (WiMax), or Ultra Mobile Broadband (UMB), just to
mention a few possible implementations.

The radio communications network comprises a user equipment 10, also referred
to as a terminal 10, and a radio base station 12. The radio base station 12 serves the

20 user equipment 10 in a cell 14 by providing radio coverage over a geographical area. The
radio base station 12 is transmitting data in a downlink (DL) transmission to the user
equipment 10 and the user equipment 10 is transmitting data in an uplink (UL)
transmission to the radio base station 12. The UL transmission may efficiently be
generated by the use of an Inverse Fast Fourier Transform (IFFT) process at the user

25 equipment 10 and then demodulated at the radio base station 12 by the use of a Fast
Fourier Transform (FFT) process.

It should here be noted that the radio base station 12 may also be referred to as
e.g. a NodeB, an evolved Node B (eNB, eNode B), a base station, a base transceiver
station, Access Point Base Station, base station router, or any other network unit capable

30 of communicating with a user equipment within the cell served by the radio base station
12, depending e.g. on the radio access technology and terminology used. The user
equipment 10 may be represented by a terminal e.g. a wireless communication user
equipment, a mobile cellular phone, a Personal Digital Assistant (PDA), a wireless
platform, a laptop, a computer or any other kind of device capable to communicate

35 wirelessly with the radio base station 12.



15 communi cati ons/ Enhanced Data rate for GSM Evol uti on ( GSM EDGE) ,

Worl dwi de I nteroperability for Mcrowave Access (WMax), or Utra Mbile

Br oadbandawQUMBY087448st t 0 nmention a few possi bl e i npl eneRCAISE013/050052 The
radi o comuni cati ons network conprisesqga user equi pnent 10, also referred
to as a termnal 10, and a radi o base station 12. The radi o base station 12
serves the 20 user equipment 10 in a cell 14 by providing radio coverage

over a geographical area. The radio base station 12 is transmitting data in
a downl i nk ( DLYhe rediesraiss stagian 3 repgmitsseantreljniophalitn akoubiRaviiHesgser

equi prent rhét]ttdﬁéqgfpafﬁ]rhlﬂgigﬁ& Bodr\wiABh HRbURK biddks tHe' RS RItESEAMetO the

radi o base Station 1 transm ssion may efficiently be generat ed by
t he use oTheamselrﬁqeip@énﬂ:stﬁrleFMQCéﬁe theaesirelrinfo{matiomand dgteeanyl rgpothie iker 25

equi pmsg"traé% i slfefj[ﬁglq 1928R z Ke(?)nﬁ%l égﬁ}%hﬁ@@hé’thgﬁé&oﬁi}@%‘f @talvasby the use

of a Fast Fourier rans I ocess. shoul d here be noted that the
radi o bas@cseSﬁfwldmwmzhna@e%n W@W‘qd@ﬁ@ﬁﬂb(d%'Saiéa@”tb‘tedao'l\lﬁfﬂéBcce&ﬁ fuk¥ol ved
Node B (eNg RnRASGentait r\‘?/-(bKéN,Q@)Si@trEﬁs?ﬁiﬁé@' ver station, Access
Poi nt Base ghg%%g%\l@%)é?ge stafgl on rgut er, or any other network unit capable
30 of comrunicating with a user equi prrent within the cell served by the

radi o base sta Aé&;%%to SRRSRALRY h@regw thQ p%idn%@fscé‘r%%gb@@dqﬁ&{sﬂ%’a and
se

term nol ogy u user equi prment e represented by a term nal
e.g. al@u ble¢le®‘§vlt§0mmn00dm@th@wﬁni@@ﬂﬂtrﬁwﬁ matipriig§lotse | 8 EMesiPlr iNghone, a

Per sonal [P@l ﬁ? @5%‘ i6 QéQilo cﬂamc—ﬁ §b 8%SraRlodabO sEtioR 12 AHeQflockdof CONpUL er

or any ot evl ce capabl ‘comuni cate 35 wirelessly with the
radi o bas@tssm@)t tanprise. ACW@@@INA@@M&WBP@WOQEQO'&"P/‘{5@00@2“3&’?3 a Physicathe radi o

base st at il o ABSAALF mﬁ)ol/vﬁicmsoé FRfd %nﬁ@loé#an & v&h&am UpRRX  equi prrent
data is transmtted and ﬁo resource bl ocks t data’is transmtted.
The user exptropinfsmnatiay. t THeddoakef e tigy afsﬁé)edéf?(rﬁéfto ?N"dﬁ‘h%[tqf(?ﬁs &REe dat a and
report sg t\ﬁorrthnc,%dE§“BAQ ifBseatRhditt, oh ACKMRAOKsdRER&Kor&RAldrol  signal i ng

whet her™ decodi'ng of data was successful in which case an Acknow edgenent

(ACK) is transmtted, or not successful, in which case a
Non- Acknowl edgge er%ﬁﬁtﬁﬁeni%%ab&h@r@d&r@f%ﬁ@@ méRERHIsPALES, iBedi nent s
herein the user equip Is arranged to transmt a 10 bl ock of bits

cor r es pongHaugneeoftdesplgx vatedaorfulaion isineelfathiomapping m?t)@e 3 QBSKj nesl ots, in

a subfra t whagsorsiat i on
P A I e R e i %ﬁ‘f@yd"encoded The

channeko0 ntﬁ? tiye bigs Praash QAT SHUPPHWRtICoTVMHSE reprRssAtsIthe , alsppleref &0 @8 r adi o
channel agr anae elt f tﬁ@HdﬂuléﬂJ)r') %WBEH He dtREAitTRE !n%lnaﬂﬂgalwé%‘dﬁefgrrdal ts may
also be referred to as nunber of bits, code 15 word, encoded bits

i nf or mat i Orest shaane! AriamesuIsian MBS dhe sigdujatipn symbols may be referred to

as complex valued modulation symbols, QPSK symbols, BPSK symbols or similar.

25 The user equipment 10 then block spreads the sequence of complex valued
modulation symbols with a spreading sequence, such as an orthogonal sequence. For
example, the same signal or block of bits that has been mapped to the complex valued
modulations symbols may be spread across all DFTS-OFDM symbols in a set of DFTS-
OFDM symbols by applying the spreading sequence to the sequence of complex valued

30 modulations symbols representing the signal or block of bits. The block spread sequence
of complex valued modulation symbols may thereby be divided into parts or segments
wherein each segment or part of the block spread sequence of complex valued
modulation symbols correspond to or is allocated to one DFTS-OFDM symbol out of the
set of DFTS-OFDM symbols, i.e. there is a one to one correspondence between the

35 segments or parts and the DFTS-OFDM symbols. DFTS-OFDM symbols are also referred



The user equi pnment 10 maps the bl ock of bits to nodul ation synbols, i e to
a sequence of conpl ex val ued nodul ati on synbols. This mappi ng may be a QPSK
mappi ng wWereiwnsr4se resul ti ng QPSK nodul ati on synbol i sPcorsph@exosmbued,
where one of 20 the two bits in each Q2SK nodul ati on synbol represents the
real part, also referred to as an | channel, of the nodul ati on synbol and
the other,Biigcl iﬂ?l\/lNEﬁbeB%r YCHINA 2l 3R Je8h 85 hBfndl OFDM QitRadFmb&led of the
nodul ati on synb e nodul ati on synbols nmay be referred to as conpl ex

val ued nodedodindon synbols, QPSK symbols, BPSK synbols or sinilar. 25The
user equi prment 10 then bl ock spreads the sequence of conpl ex val ued

nodul ation synbols with a spreadi ng sequence, such as an orjhogona

sequence. For Asgaidiiodo epthedingnts Rereinathe dsetdyinmast 18 hed tFaRsiomRS S been

nmapped 8 Infodumyi rb apsieper BETSSs al |
DFTS- Ggu%ﬁré&%egﬁ@%lﬁekaé@%% GQDIfié‘Ié'als%t:doDIF\‘}]/I%gaXs‘Mrre o E%t sgr eadi ng
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represent % T m%h%g?é gnf¥nt B |9§r{‘oqu1e Bb&l@sprzg@séﬂdéﬁke sfdoRdesemgnce of

conpl ex va tion synbols may there ¥ di vi ded into rts or
segment s mmﬂ%ion Sé@éﬁlsy*é'g?wreéwor}ﬁ’értff oif aflegates) @&DFW 959“@@6[‘1@&3 of
conpl ex I Barbfl tB6 Bloek sprea@ne
DFTS—CF " ﬁ&?@%ﬁét&@?g?ﬁg@ﬁﬁbﬁh&ﬁfafr&%@@ﬂ@séd;nn%ﬁo Bari A rglblg D one
to one10c@eﬂe@mrmgﬁ@élebé@m@mophl@t'%smh%ﬁ% MAtrOmAY Qeéﬁ&”?ﬁgmﬁfﬁ‘s OFDM

2 OTI?{)Z 3 Z{ﬁ%@?ﬂéEZ DM swrheh sriahs Sbadld, ‘é‘flﬁﬁ‘r rﬂQtan@lch |s cycllcally shifted,

011/ 050052 13 to as SC DI\% be seen
as nor malwhergivityd amount DRyl skitl variescwt] he DFK@C@%BM@”WB' afe0 n%{‘g her ei n,
the user & ggﬁhsféﬁnuﬁ@% Hl&ﬁfbﬁéérd%qeénn% dl%@rfﬁe!és%sam@@nbboﬁkors@;nm

sequence O ex val'ued nodul ation sy er DFTSO:%;QT?%@MWW a
matri x t Hais \A@ép@ﬁdéieb@ﬁ"an@i%n@ﬁw%ﬁ%d?‘ siOhmpré%ﬁaﬁsveré' Thus,
each S@TE‘;/H%O@ %’%raEh Qbt Fs@%sc%é%édfwﬁlﬁ’FTQIQQ)IeS@GM@@@%n@ﬂ‘or(é@HWDGXS\@FWd

nodul at1 o whi ch corresponds to or is allocated to a DFTS- OFDM

synbol |§ymbah§h@|s}¢éwd§éwarcateéltkﬁ Emeéi@f)whlﬂg*'hméh?rﬁtaﬁrixﬁf*&?“ﬂ?ﬁsés Offirent or

part of thg;bl apk cHreORDILRRBVRBSEInEkaLe MR BFTS@RMsWﬁIﬁBHzﬂidtﬁékeSanOl s.
The matrix may be a general 'matrix that conprises a mat rij x, %’H&?ﬁt
of

exanpl e, tae BRAMeRLOF PRt @hinERIqCy seiperiseardnFes ShFITRIEx V‘W\%q @Pﬂ“'?ﬁ’ﬂé‘

cyclic shifichahd ﬁfatrw it o b18pdRed S- OFDM synbol index and/or slot index. By
transform ng the bl ock sprea sequence of conpl ex val ued nodul ati on synbol s

this wf, the inter-cell interference is reduced. A slot conprises several

DFTS- OFDM 15 spjehakse mprﬁente@(}herﬂréﬂsnﬁ@ tﬁé@l@@k asresd weduanaaibitdopipsexmat i ces,
one for each DFTS- D?\/I he slot index indicates the tine slqt

within mmawdtm@wﬁdpmsxmgials At P?%@%eri kansfPrpiedapyI s} aaPieTiig USRI R sy nbol
!{Edeﬁl i ng1@ﬁé@ﬁj&ﬂw@ﬁopﬁmﬁ@@{b%Mﬂ}ﬂﬁhsmﬁlaﬂcrgtm{sgﬁ?e? I’CM:Z‘pl‘é‘:@rli’ﬁi‘f‘slegi@d’etnparrw':1 01;1

e bl ock spread sequence of conplex val ued modul at i 0, whi c
t he mat ripari & theblpek epspad gafuepge within the tippe,diraiion ¢f cﬂﬂﬁmgﬁk’fﬂé‘w {Pansmits
the black griead. @?gmo@fhaﬁ@éﬁés@énd&blﬂl@re@'ﬁéﬁhb@%é@ﬁerﬁﬂﬁb@ﬂt sf thealockas

been transformed. For éexa t he user, equi furt
nodul at e $RR% yeqH8RGe Of€q nPeteréh’@fj HIRptign Swg(r&]ggﬁéﬁ pg%ﬁﬁémawﬁ rﬁ%r"tedgwl t he

bl ock spreathReANedsrcBithDRDMIRokIIERAUr ati on of one DFTS- OFDM synbol , i
25 e the DFTS- OFDM s%(nbol that corresponds to the refs(rgé %P”PSH'G‘ nent or

part of the bllpakvagpiing thisguwadiaest thesrpyence\vhremple Jhbol s. The
process @¥deR h&f 68 8 i@ rmidftiple pHRE pE BREH P&t ePHe deidivt BDEhslex valued

30 modulation symbols may be transmitted in a time slot.

Some embodiments herein may relate to ACK/NACK transmission on PUCCH in a
radio communications network employing aggregation of multiple cells, i.e. component
carriers, to provide support of bandwidths larger than a single carrier while still providing

35 backwards compatibility with previous technologies. In such a radio communications



In a variation of this enbodi nent the sequence of conplex val ued nodul ati on
synbols may be split into nultiple parts and each part of the sequence of
conpl ex wabred/@@480dul ati on synbol s may be transm tt edPCm/SE241i/080051 ot .
Some enbodi ments herein may relate to ACFUNACK transm ssion on PUCCH in a
radi o comuni cati ons network enpl oyi ng aggregation of nmultiple cells, i.e.
conmponent, Ak 'aEF‘lﬁCIIl%rR{aWé' |c?é€ip99cfdrd|ﬁ§ tPSsMiHEMS hb@'rgﬂfatisiwpaale?df ngl e

carrier e sti provid & backwards conpatibility with preV|ous
t echnol oglaé'ylng larlargg huraber £ P& haRRiavided iy spistinglpy/CCH formats, so as to

2011/ 087%41%5’!@%%355%33(/ SR iol 8aBLEMRE KnuRipREdrpohektBatridrs. provi ded,
according to e I ments herein, that is capable of carrying a Iarger

nunber of bits than provided by existing PUCCH formats, so as to enable
ACK/ NAGK si gnainimgiments Beiein esfablerige ightnapioad EbiasbharsTiissignsdpquired for

SEnbodi ments s@ﬁ%lﬁﬁdqb g‘@plldﬁ'wgta}'tﬁo&'l’(' %Mﬁ'@@-@)%éﬁ@éﬁﬂoﬁﬁépﬂ&d@ﬁg" red

for such sign roviding a bl ock spread DFTS- OFDM transm ssi on
format. Aedus Birmat alb‘\ %nmam fronerjl fERORONSHE EAFIRIBIOHA SINOISHSST |

conmponent I B&dANSd] Qdridshy pdRrélblobk a code
wor d. Thi eq%@“dén?\%\%rj%ﬂ)?%ﬁogg%@nﬂ?ﬁ{; ?%Htﬁg?bl ock o’f brl tg %@%% i nk control

i nf or mat ichits plyplink cerdiek infarmetionmariydn spBA cpRodreather Pe §CretiidiPgat e
inter- ﬁﬁ'rht.%&%%téreé %Qﬁ@r@ﬁcﬁnﬂﬁgp&at&)@wm&hsgs%% tAs séqienseauence of

conpl ex val atlon S | 'exi ng of user equipnments is
enabl ed womplem \@M@dgmcééaiiongymbolé Mv'ﬁ@%a@@‘ @ﬁegﬁaw'pmﬁntﬁdﬁﬁﬂa&fedtw@ code

word, po iifh fREI theS QB OREE  po8Eibly Rl it sie
synbol S ?@6 39%%% Zlgplgrlm pped to symbol s porllolry tCo t he bl ock

spr eadi ngilff&rsntﬁgﬂ@%(d?eo@r ip &gsecal diep WQ%%“‘ HlelcomﬁdﬁBW%”?F%% % of a slot
or subf raég/ﬁbmétprfopﬁ) ﬁX%%k%pr%é@'n&‘ﬁb ghlegd oV @a@d@bfofs@'ameFTSqaﬂ:BM or wei ght

factor m a spreadi ng sequence for each TS- OFDM synbol within the
subf r atfe symbiojsrag asilagtor SW@M@?&:@W’%V@W@“% W@h%ﬁ'ff SEHPBM synmbol i s
then t ransd ghiiiEdo forP's 36RAAHG Wobilorlod orBakh DFTSCORDM syRflol higth meecodl ng_

matri X, dtransmtte hin the tine duration of

To niti gaitl@frﬁmﬁ@rfl@ﬁéi%em@/&ﬂqeﬂﬁ? plerymgls K @apmbPFi X QﬁDM ﬁémﬁﬁld? HA@
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of matrix ements. The transformation or precod |Qr;gm earmdlf

DFTs- OFDIWithirtiedimeottratigine one RE TORIF BYeymbpb 4 ojnati REeteyeq ! sr. c

shift ﬂlpe(ﬁ?HaWk &rth@m%&'ﬁ@@bhfggi)mﬂrn%du%r iErRatiEdwRNd psdigbeamiopt @uy,de a
f or mat erred PUCCH format _3, which 25 rOV|dste|b|I|ty|n

that sonee: gdmmqrmhﬁtlﬁwf patriy gigHteats- tTBSttrﬁasfP@aﬁHOPé’apieﬁe 'BAEIH P Fayl oad of

upl i nk copbdifdd bETQOERIM RBdulbfior?dWere tt DFFURFtBR &ContsinddpiEOy eydliot er - cel |
interference suppression. These neans are either or in conbination,

scranbl i rQifPRITAE NS EEARATRIGI O8B@IOR el ection of the matrix, or cyclic

shifting of mathbiRbeERREsH ¥olide @ fodfdt] @fetRifté a@auw-nforrmea selict i on of
the scranbling code and/or cyclic shift pattern ﬁﬁ%@@g' 30 on cell ID

and/ orZEDHJIFSV'MMXWHYJ@It}"%tls@ffﬁsﬁﬁ’lﬂf“%?rﬁ‘ﬁb’é’&a@a?tﬁg ¥ %hdom

fashion to, TO%GQ)‘PU{)IW doﬂir@lﬁnf@@rl\e{tlohnﬁ SIEBﬁ{t@GQ@bS rrédrishe irBroee intdrecefior mat  or
structure Ilows radi ng | oad and/ or coding ganand/or nt er-cell

interfer éﬁt@é‘e@ﬁ‘ﬁﬁ)ﬁ%%ﬁ@”&@r PEfsTeARA 4B SRR R R4atop, SRAMBUNIHHER r at e

means mi%c &rﬁgﬁ'\‘a c%Hé%e'fe%héﬂ bMﬁe hath0bps EiQfling lof MatiR@ldrherithRitic adedlichi t s
are scranbl ed,

%ﬁ he scranbl ed sequence the lt)et er | ntg‘ge[i 5 cell
interfer e‘irhtfép%tt%']@)rTé@sﬁe tiorrpfdhe aergtnRling C%‘?é"‘é’ﬁ’r’ééﬂ'?ﬁa GEHERY g% i nes
mul ti pb@exdNesiaBRARId YFTS-OFDM symbol/slot/subframe/radio frame number in a random

fashion to randomize inter-cell interference. Furthermore, the format or structure allows

trading payload and/or coding gain and/or inter-cell interference suppression against

multiplexing capacity. A low code rate means many coded bits relative to information bits

and if the coded bits are scrambled, the longer the scrambled sequence the better inter-

35 cell interference suppression. The length of the spreading sequence determines

multiplexing capacity.



WO 2011/ 087448PCT/ SE2011/ 050052 15 Fig. 11 together with Fig. 12
depi cts one enbodi nent of the process in a user equi pnent 10 for bl ock

spr eadi ngwvoheligsguence of conpl ex val ued nodul ati on syniporSE2@E 18552 11
shows how an ACK/ NACK sequence a, whichsis an exanple of a block of bits
corresponding to uplink control information, is transmtted within one
DFTS- OFDM synbol . The sequence a represents ACK/ NACKs from all aggregated
conponent carriers. Alternatively, the individual bits may al so present a

| ogi cal AND connection of individual ACK/ NACK bits. This sequence a nay not

only repr esentFlﬁ‘qﬁ/t%nw@Pfﬁg DiBgpndis BMOBGbIAMEABITING Srotéss i BU¥pr St at es

may be encoded as we no schedul i ng aSSI nment , has beeH@recelved

for certaﬁwldeﬁéthb'Q%ﬁP[e@ﬂg’g the sequengg ofLofmplexV PeHHRIOB GYBRYE a nay

be encogdeglyi M SLURTHA af REKAFEI0BefiRALSE, wRehisinlekdmbR drakfodktof s € robust
agai nst trgnsm ssion errors. An error correcti on codi ng%l_sfgg)r%ygsed may be

bl ock codeesrespasing tapbik eanirekinfogpationtisdranpmisied withi i ng nodul e

111 may oplT}ﬁe%leé&rﬁQ%br%@erﬁQAUWI@ACR@#% aﬂl%@@ﬁe‘g@t@@'dompoﬁérﬁta;@@lem the
bl ock of bBits so that errors nmay occur in a npre unlforrﬂXrhg 'Qﬁgf“b ted

manner t cAltereativalyethe individial bitsymay also Presghirelogical AMA GeRResE cel |
interfer eﬂ@ﬁﬁNA&?& bitsS Wﬁ%'s@h@er&@ raarﬂal hADnW rbprederft AK/RATRY, B DRRBhiirR@us N a

scranbl i ng nodul e resulting scranbl'ed sequence, ii e 20 scranmhl ed bl ock

of bit#0 W%@*MT&S@@?W@ preodpgAs W&bﬁ’e@i if R ?ﬁB‘SG‘I"”&Q@Sﬁ'QQVﬁB 8 using

QPSK f or &fgﬁr}‘g& éfferéerml‘ odFBRPAGgOdul @ 112 resulting in a sequence of
conpl ex val ue ulation synbols x and nodul ated and transmtted with a

DFTSOFDM nodul 'atadirstsiep tlh@§eﬂ YGNGH 3 "aYt PRCRCOGBR MM §rrek CATHTHANCIANI

transm ssi,gQule18 S RAUKEMGRor rbSusRagtifit trahsrfiks bR kirosOAh rriRyorketidred into a
Digital to Anal ogue converter, 25 nodulated to radio fre%té%r\\ﬁ% rrrgl i fied,
gia

fed into einasacmadsehERybeplaskcopey convolution Codess of9E Tas tor 113
is a mpdi (e Bbdore q:pMaWGéﬂllﬁ? Qfsotcbﬁ‘abrlé‘é)émnte‘iﬁévét foRdtb haityGartdndirntte may

al so conprise an | FFT nodul e 115 and a cyclic prefix generator 116. Thus,

t he sequebleek of hits sp that SHPistTBRY @RFEF INA ’D?FFSJWWQ?H{?H dFaWef%'HCrﬁaﬁ:TS OFDM
symbol dupatighmddewever, to enable nultiplexing of different users 30 or
user equi prments, the block of bits is to be transmtted over, sever r al

DFTS- OFDM sy mbislosderdo taneomizgingighhercallinieriegnas celpredfigSeramting ¥4h @onpr i ses

matrix el epgnt r$|ay godppilRe nﬁratsuambnmyn@ameemm@ ih @ sara%TedDmmame? et oget her
with a cyclic shift operation of rows or columms of matri @Helements

cor r esponeEramblgd biork ghlitsaf ho AcreBglediReAUGHCES Ret S1apRef ihygodiaioR SYSIrolst t he
matri x el giEnbpsk MR:x@Rbld, 484 4¢RBEITmapghgho&Ne 942 Isulting in a sequence of

complex valued modulation symbols x and modulated and transmitted with a DFTS-

OFDM modulator 113 resulting in the sequence v of symbols for transmission. The

sequence v is a digital signal, so it may be fed into a Digital to Analogue converter,
25 modulated to radio frequency, amplified, fed into antenna and then transmitted.

The DFTS-OFDM modulator 113 is a modified DFTS-OFDM modulator that
comprises a matrix G 114 and may also comprise an IFFT module 115 and a cyclic
prefix generator 116. Thus, the sequence v is transmitted over a DFTS-OFDM symbol or
within a DFTS-OFDM symbol duration. However, to enable multiplexing of different users

30 or user equipments, the block of bits is to be transmitted over several DFTS-OFDM
symbols to the radio base station 12. The matrix G 114 comprises matrix elements, and
the matrix may correspond to a DFT operation together with a cyclic shift operation of
rows or columns of matrix elements, or correspond to a DFT operation together with a
scrambling operation of the matrix elements.
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For exanpl e, the synmbol mapping nodule 112 maps the bl ock of bits onto a
sequence of conplex val ued nodul ati on synbols, x. The bl ock spread sequence
of conpl ewoval wnsds4sodul ati on synmbols [W0)x, W 1)x, W 2PKT/SBRI1/M50052 1 S
obt ai ned after bl ock-spreading where ww [W(0), W1), WM(2),mMK-1)] is a
spreadi ng sequence of 5 scalars or weight factors, which spreadi ng sequence

may in some erﬁ%?@i(é?ﬁﬂé,sthg%Wﬁﬂ%pﬁ)ﬂwg%édl@eg@@}na%ﬂiém-ofEﬂ@orﬁf@di fied

DFTS- OFDM nodul ation 1s then done separately _for each weighted copy or
i nst ance sefiju¢rive afoomblax ivalned medolaionmgym)bels, ¥( The Rlockgrgad seURNAG K. The
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nodul ati on synbol s mgk)x is pre-coded and transmtted igwfach DFTS-.OFDM
symbol ,5 fsgplare=ay weight Jactqirevhiciksrreading seeRes Mgy Miere BRPRIICGHISSPYPEYE
whi ch t he,ylmhiehétd Q8qneb ot Rb@fidd DEKS-SFDRRthodTiBforsiBtieATdIdNG separaeence, e. g.
an orthogonal Sequence, provides separation anonq user e §|p nts, or nore
speci fi cdpl sachayaigtdedignyrik instanes of §sineeiilaignsymyo al“f(?)ér‘éﬂtxw‘fgax’ 15
equi prent . | st QO i gquency
hoppi ng in(KéBé.lth&rén%wi&%dgggéég ??%%%nglphé'?bﬁgba pr?éilgdteg%bysxz)bf rane, with
par anmet erGFRAgPEaidegly 1 xilapiceste peternradniveus, pfe-endiid aid tearDFTSICORDA By nbol s

oL ot e BB o BB el

above- out]jingfssHedtin @5cBYTLOFPLrRShI tier IBaCh 16h AherddR$SThBIryimbiet bf
di fferent scranbling codes and spreadi ng sequences. In this r%E\ese t he sane

payl oad VRTT L GO sambels overavhieh hermedsiages symbele aipRipeieiread RBe scr anbl ed
sequence Of-Jd4ie dlduhal E%U_aﬁﬁgﬂgiqﬁal deqBetd2e pRRrILE BESaraiorcamgiuser al ued
e

modul ation 25 synbols is divi into two parts, and flrsé rt is
transmi t tesginnterds. or mere spesificallydamone Heli taasmissians Mage Sy gt r%? us§y
princingEfmﬁﬂbﬁge bl ock of bits a could be split and the first part could
be transmtted in the first slot and the second part in the second slot.
However, this is less preferable since in this case the block of bits

processed and | &iRuRiaisd 68 uhdbr&idsdtnat Pho kreqsdiRl heppin@istappadd, tiaf atidve- si ze
before the split, resulting in reduced codin 2 shows

ain, 30 i g.
an enbodi erilined wRbtieraRAeoS YRERMS Wil) %Rmeeg‘bg?‘?“ﬂ'%g?ib?%%e%BJF‘@%(‘J'T“ he
processi ng ;Ghbl BETROFERS siriSoISES M indRikcass bon2 cadumpgoOEt®CFDM I n the
si npl est case the same signal or block of bits, is block spread i.e.

repeat & sya\pelsdesevelr refprgnassigddped to nodul ation synbols, i e a sequence

of conpl ex val peghuReWhdiRis enamed, she adile2libe8 88KHAGPHAY BE2QRILAA60052 17

and each cogy or 1 nstance of the npdul ation synbols is vveic%ht ec! .b\b/ a scal ar
w ki al segchslot, possibly with different scrambling codes and’spreading sequences. In this tase

the same payload would be transmitted in both slots. Alternatively, the scrambled
sequence or the modulation symbols, i e the sequence of complex valued modulation

25 symbols is divided into two parts and a first part is transmitted in a first slot and a second
part in a second slot. In principle even the block of bits a could be split and the first part
could be transmitted in the first slot and the second part in the second slot. However, this
is less preferable since in this case the block of bits processed and transmitted in each

slot is smaller, e g half of the size before the split, resulting in reduced coding gain.

30

Fig. 12 shows an embodiment wherein the signal or block of bits is block spread.
The processing chain comprises the error correction coding module 111. In the simplest
case the same signal or block of bits, is block spread i.e. repeated several times, and

35 mapped to modulation symbols, i e a sequence of complex valued modulation symbols,



referred to as a weight factor froma spreadi ng sequence. It should be
noted that the nmapping may occur before the bl ock spreading. If we have K
DFTS- OF-DWveynhaisz448he spreadi ng sequence has | ength K, PCE&/SEM1EP500R2 =
0,1,...K -1. Korthogonal spreading 5 gequences nmay then be constructed and
thus K users may be nultipl exed. Thus, these K orthogonal sequences are

e, A R AR N g s

conpl ex VA ation sy shown~™in Fig. e each box
| abel ed Vo@ledRsiks & AR BEGr bR IEleddrsy dekRieAds Itahoold bengtddothtithe 11.

Equi val ent inplenentations all ow application of t i factor .at other
posi t i ondnaRHBREOGAYf Bpforrpthg F?@CE?E%BP‘”HBIBWFﬁ@vﬂtﬂéc]&':ﬁ%ﬁ%s%ssym P[?sﬁ? ated in
Fig. 12 ; i - S | i b Beehbve Vv
sequence\lggﬁag?n%tsf\%gb%ﬁa%%n%%ﬁ[ﬁ %gh’dfﬁ?ﬁle If@gbsr%g(g:ti ve&ger o‘cgss chai ns
for DFES-Shi¥cey wkgltherdbe cdfstructbtiahdieius K tusess reaybe aluttiptexed Trmp, thesest t he

bl ock of bits to nodul ati on synbols,, e conpl ex . val u ‘ {.on.synbol s
and t hen ' &ROIONRISEAHNFSP &S dé@/}ﬂ?otfl%(’k%%eeid gr%géea?m lﬂ%{lag‘lds&'?%tol)sf P%i ts and
t hen map tASs@arhcs epeaipsk RlieekneduldtiohsyibolsDthis atshowndry Figal2svhere each I n an
alternative setup.t ignal or block of bjts, transmtted. i . TSOFDM
symbol s ibé’xrlﬂﬂeﬁeg MBE@'!VFQ&]‘?OMPF%bet'ﬂ%S%%SJ 1itzhb1 Oe?CC?lﬁJéngS@%%ﬁS.%Nae . but
Safc]b bl OQJﬁpMﬁ@htdlﬁb%alidw ﬁirﬂcétﬁ)naﬁtmaabéighm@crtémtmes@Dsiﬁk}mlsiamwhgrlekaft&r X
ifferent scr i Ng. sequenc QOherwise Fig.11 is i i I n IS
case rE5JBeEYV wﬁmm '%ﬁ%‘ﬂ%st%ﬁaﬁﬁéé&# " %&’Sﬁlgltté?!c?'rr\w{o&"%} e cell

| D al so onid¥ppedidibsautitol b&duents altértaerDFT 8D DN maoteilatermtidrof trecr anbl i ng,

and especially that the scranbling sequence ma end on cel.l 1D and/or
DFTS- OFDNESA&s 'Y%%P?%@PW&(H‘P@W%%ED%WB %r'&?'?é?hﬁéftt'%?qq"(ﬁ'eé%}%eI |
interfer . ] b i T by OFDM
PLCH £ 1 T R e B S 4R o e T o
denot ed rasiddhemispest tha alodulgtien syinaho)s andieubreaéheshigck ofbisantEeAG 3l cyclic

prefi Xy | dhoh Fneafdd SEAAINEIOmodiiaf¥h dypfBAMency hopping is used K could be

12 assum ng orle reference signal per . The exact design of reference
si gnal s i s notlnfoeitteativi sstusthe signBepdintked bisntranseitgehip dhe 6f DEMPocat ed
resource ks in the DFTS- OFDM 30 dul u r ded bits
and t hus (S'hg'&é%ﬁ@o'lsé? ROtZ PPy BB?/W'Q%@B 3?%%%:%3‘%}??%@% H,S(CW m&feggguence or
bl ock of liSs1-0BYK REFi§ARtHRIalRFeridr@t sershwith b difdryntacsinighe r esour ce
block is allocated in frequency donmain 24 coded bjts ar% avai | abl empagr

, the

DFTS- OFDMesyesst Otheswisaiisy! GpSil @idplyithis cppe faspectivg SHGMPAIY PYCART
number ,Of 4o WRY 0 tOR 14 ARRET 1 ISEROLH BISNB2 DABsyahd st aubfbesnudic grableocks may

be increased. More coded bits also allow for a |onger scranblin e C
r esul t i nguUnPeki Yiebingr andbesnegabuingt thsiseranidling SeEmCe 83 eﬁ%’i‘é ?‘gﬁ&ﬂ at the
proposed i TR-T1a-bPPRIIBYsUbRAB AL PAmESEMBer, provides better inter-cell
interference randomization and mitigation than state-of-the-art DFTS-OFDM PUCCH
transmissions.
25 Assuming, for example, one reference symbol, also denoted reference signal, per
slot, K could be six, assuming normal cyclic prefix, in LTE. Alternatively, if no frequency
hopping is used K could be 12 assuming one reference signal per slot. The exact design
of reference signals is not further discussed.
Depending on the number of allocated resource blocks in the DFTS-OFDM
30 modulator 113 the number of coded bits and thus the code rate and/or payload size,
length of ACK/NACK sequence or block of bits a, may be controlled. For example, if only
a single resource block is allocated in frequency domain 24 coded bits are available per

DFTS-OFDM symbol, assuming QPSK symbols. If this is not sufficient, the number of



with different resource block allocations. In Fig. 13 an exanple is

provi ded where three user equi pnents are nultiplexed. The first user

equi pnentwOQoriegui4ses a hi gher ACK/ NACK payl oad and occeprsg2dihes@snre two
resource bl ocks. For the remaining twoigiser equipnents it is sufficient

wi th one resource bl ock each and these are Frequency 10 Divi sion

Mul ti pl e@llﬂ&tég%uﬁﬁlbﬁdc% 55 Be indir88Rdt MBrelsRied BAL!EIRORIMVE fortdorigeM

mul ti pl exed the user eqU|pnents may reuse the sanme spreadi ng sequence, but
of cour sescrareljingegdar sesulisg inhigherserAmMPP @8l ng sequences. I'n this exanple
the spreading factor is 4. The user equi pnent 10 allocating two resource
bl ocks uses the spreading code [1 -1 1 -1] resulting in block spread
sequences of conpl ex val ued nodul ati on synbols over DFTS- 15 OFDM synbol s

denot ed; as 1231ré%fthmﬁe fo%tiah%tw;!sros@wdmahé N6 SOmpREhgef aage [1 1 1
1] resulting in blo spread sequences_of conpl ex val ued rmc‘é%%ut on synbol s

over DFTSVIt']:fMW§9trf§§<PL§CQj@ﬁ@k%‘@Ca@”ﬂ'ﬁ Fig.A1 3} ©Xample SOk W fient ~and

as 135- 13{%&9 w&nértﬁ's Lk MSRpleRSH TRERIRL uséQquipment 16 t&huirddaihighar bl ock di agram
according t di ment depicting a processi ﬁgquhal n for transm ssion of

upl i nk co%@WblAQquayﬁq@étandrwwe%hhér T VOIS PIRSES <178 1AM MM ¢ t er

in the u BBt i< T&ﬁw&%r PL4 mmckl&cmdmratésrehh@@rror
correcti 3% co%”b Ju?l K 1, vvherngl n tuhe bl ock of bits n&y be encoded to

make i10 @Vlﬁﬁﬂéﬂtﬁwﬂﬁ}@lg @W)ﬁ@ﬂ'“ﬁ'?’@ﬁsﬁi”ﬁ%#@#séf PRHRMENtS ag; EI@ YIRS oni ze

nei ghbor tﬁglu%er‘ é&hﬁ;ﬁﬂ&rﬂsﬁé{ﬁb 'thesé)a%‘é édréacﬁrcgréémbhé& bt sfbocrdansy may be
applied resu nbl he scranbl ed se egc‘%gnay t hen

ti SCra ed sequence
be nappedlemtss Ch%@'@ﬂ%“&ﬂﬁ"@yﬁ?ﬁé?@e% Indhig exayple e srypadinisc
modul at i %e?)éam%ént' 10 41BEatHY RO tedFBRRINEKE0EL e bhradificele [1s-1than bl ock

spread with a spreadi ng sequence (not shovvn) The user g@ lﬁ tg
transforn‘ﬁsu@m '@ b@?CkﬁP&?ééégue%ﬁ otgompleryaiied Aedlationiymyp cﬂl’e%'él': d

sequenge OEDMUTRIE deableathsnRd gt *rmemérmi]bisdr @qa.bmemgtge@sawmwat or
113 w t he matrlx G 114 that depends on the DFTS- OFDM s ex and/ or

sl ot i ndds.? 1 residting 'P@@ké?@édéﬁ%ﬂﬁﬂcés ok oERIRL Yalueddnqquiat] BISP’E‘QB'gr?HEr to a

Di screte fhepsiorbM 5%@3:@5&%&@&5 {PF134 RPgKatdrInustidquinaeithal asi138-188cycl i c
shift operation 142 of rows or columms. The user equi pnent 35 10 nay al so

conpri se fehethidrpengiipraet1s and the cyclic prefix generator 116. Thus, the
WO 2011/ 087448PCT/ SE2011/ 050052 19 bl ock spread sequence of conpl ex vaI ued
nodul ation synbols is nodulated and transmtted over the DFTS- OFDM synbol

or witHin one DFTS- OFDM synbol duration. However, to enable nultiplexing of

different usergg, {1418 LH6K di éﬂh%bd)r@Ihg%‘@ﬁ@ﬁfﬂ)oblh%kd@dlcthgtasprbses‘smgbe
transmt t&%lnof\é?{rar?s%sesrlgr! of[l)JlthnSlz %?rl\o/ll |?1¥)r|!rggtllosn ftonporgehsFﬁ'g%lzcbl\?%?r%boslts%y\ ggalz
transmitter in the user equipment 10. The user equipment 10 may comprise the error
correction coding module 111, wherein the block of bits a may be encoded to make it
25 more robust against transmission errors. In order to randomize neighbor cell interference
cell specific scrambling with code ¢ may be applied resulting in a scrambled sequence.
The scrambled sequence may then be mapped onto modulation symbols, i e a sequence
of complex valued modulation symbols in the symbol mapping module 112, which is then
block spread with a spreading sequence (not shown). The user equipment 10 transforms,
30 e.g. precodes, per DFTS-OFDM symbol, the block-spread sequence of complex valued
modulation symbols in the DFTS-OFDM modulator 113 with the matrix G 114 that
depends on the DFTS-OFDM symbol index and/or slot index. In the illustrated example,
the matrix G 114 corresponds to a Discrete Fourier Transformation (DFT) operation
141 together with a cyclic shift operation 142 of rows or columns. The user equipment

35 10 may also comprise the IFFT module 115 and the cyclic prefix generator 116. Thus, the



5 A variation of the above enbodi nent is where the scranbl ed
sequence i s not mapped onto one DFTS- OFDM synbol but onto several DFTS- OFDM
synbol s. Wogotimssdasws an exanpl e where a scranbl ed bl oclkcofSERIIS5®51 S
transmtted over two DFTS-OFDM 10 synbtd s, or over the tine duration of two
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nodi fi ed cK spreadin rocess | s depicted in xa
bl ock spreeademgs 44 S@@@égqvga@r dvideck et ife drony %%&SFQ%DB’}%@%O‘? ﬁ‘??‘éﬁ%ﬁfp tted
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avai | abl em@ba'swamﬁﬁﬁ%% b?ﬁ'F'yTne‘Oﬂ‘yls 1550%”dt%rrﬁtﬂ5?"°o|?féwr$§¥‘8’r?8 B%r t he
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sequence - and thus the nul tl% exi ng c c'l’u%eé’ r.ed U%PE 0 Idnlthl S
exanpl e tMedyeian syMeRIsndsinoCE, Satﬂr@yam e r'8 ey E’taSP m? ¥Smpar ed
to the,capsy \éﬁ@ﬂwohb@te%cgr@rf%eﬂutﬂéhwﬂﬁ DecBhd ogifies DFOSUORDRIcnadhdator Aheni t t ed
over one DFTS-OF )énbol The bl ock of bjts corregE ondi,ng to @{)#I EE’
i nf or natl%ﬂﬁ?on%l]@ﬁlf'ﬁg ERr RiMInoquiatey crautisesiaisreand BISCSAMAEIN $ dR% ¢ odi ng
modul e 164ng Why §Bo BBMpGsY & SSEUHUAFFD nhbtuIe A BFTanael seohid@ycliogrefix modul e 111
in Fig. 11. A nunber of modules Mdl-MdK/ 2 in Fig.16 performs 15

scranbl i ngenarater 45¢i f f erent scranbli ng sequence, where a wei ght factor

WQa- W(K2) 'ﬂ’f]us' fhealpéit'hla@%et ts)oékhﬂ bit@%ﬁ%hﬂ%dbiv@ﬂiheglmeﬁd'sn@EDMat i on
symbols, i e the respectiv

f I
modul add oFY"hphBRd the sepand kﬁq{féh%@ﬁk @Eél%gﬂﬂ'an%gfg gve? thecsoery?)ng bR 8FSM

symbol. However, to enable multiplexing of different users, the error correction encoded
scrambled block of bits s is to be transmitted over several DFTS-OFDM symbols to the

radio base station 12.
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20 I n anot her enbodi nent, in which the order of the scranbling
operation and the synbol mapping is perfornmed are changed according to Fig.
17. Her e wbeosisabl i ng i s applied on synbol |evel rathecTiSkEa0m1080081 t

| evel , which neans that the synbol nmappong is performed before the synbol
scranbling. The scranmbling code -6 may depend on the cell 25 ID as well as

on DFTS- OFDM SA(rVQI‘Hbodlﬁg%f%h%ké&%!ﬁbfy@ﬁ@dlﬂ’e%%l&kfsrp?éﬂﬂld’glmb&fss isT hsbidS®n

eqU|pnent 10 may herein conprise an'error correction codlna no uIe 171,

wher ei n tffie- t&duticexasiplablaeiksrseading i casaifipt Bie serpRisdiPiPsk Si# nore
robust agal Rafitdd RRS MSERPELOFDMEfmbIHR POWATELPIHISKIMRA” 66t rrsgsmmm e 171

may correspond to the error correction codlng nodul e 111 in Flg 11. The
bl ock of afrstngemgntﬂ@wnmﬁwe@ selyding @reaeeErsigncadnmbinstionalit. g equence of

conpl e V@n‘dﬁ% @%wsarﬁ )}15@%' ghd é@:rﬁnlﬁbﬁ@%@ln JHRRRITRSIVAR Ihé2asé Bf Or der

to ran om ze neil ghbor cell 1nterference, specific scranbling W|th code
-6 may beFigpl. ﬂ-@wew, thﬁ@”@)? tebles Baifl fp r&dgsﬁmwﬂ@le*'a&ﬁ@n%{jy foMe pesulriez K

resul ti nq]')__;'gur | DFEM eyfﬁ?ﬂ) neeag)éW§fo$ tranérrhgs@ﬁ rAgRIs8d, SERAMA RGN IndtAIRB

di screte er transtor In a le 174. The symbol scranbling
modul e 178 tamscrapbledbinck of bitaOtE0ength 87 thesPTRIBE20Ye POSTEBINP$EqLPACHRY be

conprised_in.th r i nsf orns
e.g. prec% hus %gr %@%%ﬁcvmgﬁ%uc%%% g?%c netg%r ea etﬁgln]&al{}ﬁ{;brﬁngg;nbol S, |
e the bdGoaaIpas@Luemmmeqmada:tmfof@m@paxed/taltmmcbmmglnahé ecragpleddilack o t h t he
matri x 114 t hat nd i ndex.
The user t@ %W%E%E tr%]sg\ 0 ggﬁpg%:%‘?%%&?wgg Wé‘%kéfl Ea cyclic
prefix gecmrreapmdlrfgﬁﬁ upiiisformatorh kod kasHC ARGt isl io¢asaed iprayogrsor i e t he
over tho CRRERENAE BB Tt PR e B R 1R et tolnB e ey
t 0 enabl emouiie itpt exiigg 10 rdnﬁh‘eeobrmbdmjs@M@dHMmiﬁBmR!gdﬁ Hsifoemd s to be

o T e

trs gratton may in so
descri bedagpjiedrtd thie péspeatﬁwequm sprezal rdocudativalsymiolsi e e vigspehtivgi t&@ﬁiﬂnal

el ements are constituted by t I
wherein %??%GC?%eg%er%%ppr% @@Sgeﬁ%@%ﬁng Tr%agaﬁ&rtﬂgqiddn%ﬁe subseqhent DFT
oper at i onMogiy/2be described by DFT matrix F. Using this notation the

conbi ned operation may for these illustrated exanpl es be expressed by the
15 matrix G = FC . The scranbling and DFT operation may be perfornmed in the

matri x2@G. I n
In another embodiment, in which the order of the scrambling operation and the

symbol mapping is performed are changed according to Fig. 17. Here the scrambling is

applied on symbol level rather than on bit level, which means that the symbol mapping is

performed before the symbol scrambling. The scrambling code ¢ may depend on the cell

25 ID as well as on DFTS-OFDM symbol index/slot/subframe/radio frame number. The user
equipment 10 may herein comprise an error correction coding module 171, wherein
the sequence or block of bits a may be encoded to make it more robust against
transmission errors. The error correction coding module 171 may correspond to the error
correction coding module 111 in Fig. 11. The block of bits is then mapped onto modulation

30 symbols, i e a sequence of complex valued modulation symbols in a symbol mapping

module 172. In order to randomize neighbor cell interference, cell specific scrambling

with code © may be applied to the symbols in a symbol scrambling module 173,

resulting in a scrambled sequence s’. The scrambled sequence is then discrete Fourier

transformed in a DFT module 174. The symbol scrambling module 173 and DFT module



this case the block spreading is perforned prior to the scranbling
operation. In Fig. 18 a bl ock diagram of enbodi nents herein is disclosed.
The user WO 2enuispaent 10 nmay alternatively conprise an @CTSE2@005®61 1 on
codi ng nodul e 181, wherein the sequencgior block of bits a may be encoded
to make it nore robust against transm ssion errors. The error correction

codi ng oAl Ba L8 cARMEANH BRRRAAX BOIUNBh@Y RS usePEG@EMERI 00Beh fignsidrensl e 111
in Fig. 11. In order to random ze nei ghbor cell interference cel| specific
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a DFTS- Ok b%)é”‘f&q}anbﬁhﬁfe& 0@8%8rDﬁ*soerm%boT&e\muﬁr%neegprmM tpmpay al so
conpri se I'FFT nodul e 185 and a cyclic Pl‘efIX generator 186. The bl ock

spread notiption; Haweyarbielenable ”@J”ﬂFH@('Wﬂ JciiTeserteigarss kg larkof Bits isdoBf ex val ued
modul at i o, 3Rl er ée%era?@ﬁeteﬁbm%{bbené el a8 248 ktatibe 12F TS- OFDM synbol

or within one DFTS-OFDM synbol duration. However, to enable nul tlogl exi ng of
users the WO H@ist/aBngPERISEIRY i7 eB00sPbodimepisangihenatiiale ke gpsdiped s i s

to be tr V, tation
19 °° WAL 6 s et IR SN scher g calinudbne, o o

cel | 1D asietherits bf {DE SO syddiol, whaix Es$ tite/ stenhblag sedueande onfsyarel number
because of the scranbling code dependence. The matrix G may be a
product déved, ﬁea@jmaajuenhDFTmpena@Ioram@Fberd&tscrrlbﬁd biddviaetrixjhddspgithist a

pr oduct, BkZ8 LRt eLdLrnesnge matrix
G may depﬁ%ﬂgﬁﬁh%g@ﬁgﬁﬁ?aﬁg %nqh@ﬁ' ?ﬁusfﬁ%oii% %ﬁex% F F;'su fr%ﬁe/ radi o
10 fran® matiik6r= FCn ToedemntbingendDFE otoeradelmmdie btehErfDﬁmﬂlslmthQ edtrixi Gnll  of
uplink control information at the receiver the m n||rrum re%w rement on Gis

that its thisrepahedlpckispreading is peforajeghrigr tothe sramp %Weﬁ%t Constructed if

matrix Gis orthogonal since in this case its inverse is just the
hernnitian transpose of matrix G Depending on the application a | ow
envel ope fluctuation of the transmtted signal of uplink control

i nformation, |liawiguisiLnbidsk dfﬁéréhﬁof%fnubeml@n&@haeﬁnagleclﬁﬁamITheabero may be of
interest. In this case the cqnbl nati on of nmat r?% an subsegeu_eéjlt | FFT
jog

oper at PO rERIRSAT 1P Jy| dteMRUE!% FYRRBITSSAT HTPIEP ng o One such

mat ri x wﬂxéielh@h@séa%n@@brrbldok Mtbits B niVise @coaed tonmakeait moﬁe/mbustadglamsts hi f t ed,
e.g. assum ng. Mrows, beco

S ro 0
and so onTanBRYISSIGHFEF0LE: |T%ﬁ O GPTRC m?'P’r"nC%‘yv%E"lofjﬁle 1ﬁ11’?ayo(?°"teﬁ%orgdég}éer%rf%rs or
mapped  cogple@ordébditdy Hesligeiuinatiy. on. sysraed tS,rar&RﬁmlB Qeighbbr telt ingemference

illustration. The amount of cyclic shiftin C shift ttern may
depend orFelEppCiigscigPEl W@W%E B‘P“eﬁﬁ%&f/ l%)/yseﬂ'iﬁ)f P%rﬁ%?%ldl o frane
nunber 35 Qtebisd BIBEK &fi b ih bitleeanhbiivg ModlulectBED ITaE syrahibved biadudf atts sis synbol s
t hat depends on Ccﬁ@)tpl D as wel |l

DETS- synmbol .
i ndex/ sl dDPR IBPPERTP ZREGUPIHTL Cﬂﬁﬁﬁer"alruﬁ?lmﬂ‘ﬁ%ﬁ% F%Pte&-‘ Ot YTRRler  er ence
and m ti gakpping module 183. The modulation symbols are block spread with a spreading

sequence (not shown). The user equipment 10 then transforms e.g. precodes, per DFTS-
OFDM symbol, the block-spread sequence of complex valued modulation symbols, with
30 the matrix G 114 that depends on a DFTS-OFDM symbol index and/or slot index. The
user equipment 10 may also comprise a IFFT module 185 and a cyclic prefix generator
186. The block spread modulation symbols, i e the block spread sequence of complex
valued modulation symbols, is modulated and transmitted over the DFTS-OFDM symbol

or within one DFTS-OFDM symbol duration. However, to enable multiplexing of users the



25 inter-cell interference. This inproves inter-cell interference
mtigation conpared to prior art DFTS-OFDM PUCCH transm ssions. The OFT
mat ri x mawyoiniigsmesenbodi ments be the product of a OFT matrSEzo1a0shos2

di agonal scranbling matrix. A general pernutation of rows or columms
is al so possible; however, cubic nmetric increases in this case. 30The

t echni queg, fhisicd B88dMHE S i9 tEhabhmiteJoveh selraidA THRAFBVGEEoIstoshe ssi ons,
in sone enbodi nents. Furthernore, these techniques nay al so provide

f1 exi bi | iregiobgsestapen 1he sol ution to the required payl oad. These techni ques
are also helpful in that they introduce nmeans to inprove inter-cell
interference. These neans are either scranbli ng with a scranbli nrﬁ%?ode,

sel ection of dhervatrix G 14ipdhePFESQRRM smdutaierd 18mayarry Wit PRINEARN/%S5 wi t h

tion ol _ Gt i |
hi Tt pa T Oml B bR sRRe T Bl ed B A R e AR PP

and/ or DFDSe CpBMidepadol / sl ot / subframe/radi o frane nunber in a pseudo random
fashion to ra ] [ |4 nd LiENt s
%%%gtgx tqﬁeﬂ'gg Pg} % Cd[rodi Jit gi:: g @W {naFrH(r 4rdeS BT SratBTPRALIE!

herein all ow varyin ure ormat to trade payl oad and/ or
codi ng gdhgteathel/ oprodmdtewe aelylassurhe rfgenemtmativpr €s sarcomirgdntegerence t i pl exi ng

capacity. 5 Fig. 19 i sche LC ck diagram Letin

embodi merEaEr Gey Grgencsd) o) A0 QT S EPo e oY ockc of
bits cy resRONGhEE. hréd th B aBRIb detodethe raBdmiasd signalof belinkraangeli tt ed over
a radio channel to the radi o base station 12. For 10 exanple, .a nunber of
HARQ f eedbfaRationtal thedpogeerdas @WH@deﬁLer?é‘t RAG Erth?}f'tsé'b"%%eﬁﬁsgﬁ cells and
transm ssion nOGg R rékeief FRYBRHonSRId BT mhtrik @) ortHegdnal MnvBin feZsasgo M MO,

The bl ock of bits may be error correction encoded in a Forward Error
Corr ect i dts if\EED is fuxd tHechet@itian Fansinse wbmafrix Ge Depersting of Hecppltatien adeid

bl ock of bit t he S iy If: i ; 2, which
may corr eeé?fSIﬁagﬁ%Ct%’%g bo:?,?n elt%[n%gﬁ)[ ?@bﬁﬁ'#%&@ﬁh‘f g&ﬁ@fgﬁ% ?dﬁn‘%}"gﬂ)%gu The user
equi prentmdific bupédkep agenape ipsesr mtioundyete offinterast kn igicdseshaveeIapinglip. of Each

bl ock nodul e i ses_ a bi 0 | I : i nthe bl ock of
bi s i ripped Py s ERa TR TRl g HBR R A TR NA T Bl it

Furt her nore, eaehsiphosdtrixwdulddeNdDEr Matlk, sbithrosesr elbhockesyelsaii ng nodul e
configured.to together bl.ock spread th e val

nodul at i o%'f%@’ SYnBHE N YRS d Wegbcﬁcﬂrg”g%z(a%tjﬁh@g’ezo@éﬁog%? g\g?(%ﬂa}gh%ﬂ\g’gonal
cover to dndldol ol. EKiswperation mdspite imt & cyc shift of thachbédroerk onodrbed cdraplek ock

ding is | _nmultiplicatd T (O J | - - I
Nodo: Mt Bt e bl SR O Lt B e pRIEHIARRL, 73,
synbol s wiytit §Hire Pattede inag@ébenddrs cell IDhendllr &FF SsPFBIcsyswquence of conpl ex

| ued dul ati nopls (s t f o r T i h 25
segnent PO BreEES b da b ue gRRREE R S SRR s ke e s
i s transfrasdmatiopysympplsythatgleaemizt ari oelltiBats vadmenas DEMS-QF M syambdles wi th, a
DFTS- OFDM i.nd 1d | ' _Thi : " irst
cyel cal 1SSt hER RIS b e T el PHEHRSE ke TRl Lie e e s
val ued23idiet-atll interfeyambel Ehis infrusvgsenttoceti intgrfarepse odtigatiemdemparge td pricshartf t t o

o pr oceadete-CE o PDogL o, T BT TG S R S P o T A
DFT t r ansfroduntdf s BFendtrik and heiagbfé Betangtisg orated and the bl ock spread .
Cransm tted o/sPeiae BTSN ehsErTE R S AL fopERr ERIRLRE™ ! ©
DFTS- OFDNhagadaslis this case.
30 The techniques disclosed herein enable, e.g. high payload PUCCH transmissions,

in some embodiments. Furthermore, these techniques may also provide flexibility to adapt

the solution to the required payload. These techniques are also helpful in that they

introduce means to improve inter-cell interference. These means are either scrambling

with a scrambling code, selection of a matrix G, and/or cyclic shifting of matrix elements

35 with a cyclic shift pattern. The selection of the scrambling code ¢ or cyclic shift pattern



WO 2011/ 087448PCT/ SE2011/ 050052 24 Ref erence signals (RS)s are al so
transmtted according to a pattern over a DFTSOFDM synbol duration. Each RS
is | FFT twansfioismad before being transmitted. Various erb®D@EEMDSIOREr €i n

i ncl ude nethods of encoding and/or tragpsmtting 5 signalling nessages
according to the techni ques descri bed above, in LTE-Advanced or other

Wi reless g n‘a%'c@mt%ﬁ&/smﬁwéldmm SYHRIOSl iSRS dnitlad BeransehurgisBipaENt S
or other wrel'ess nodes configured to carry out ope or nore gf t hese

met hods, AsaedadEndgmifeyionstogerdanyzs intsivell HleTEdencs- BHEsINCSn aM8PIEsSsmi t
signal li %r&ﬁ%ﬁ&g%ﬁyiﬂ@@m gk Relrk B PHESE hRsdtb BHES payldtll aMdIR|cesiag bame

stations, e.g., , configured to receive 10 and/or decode signals
transmt ta@d/ca@tt@rmﬁﬂm@}evtf%femaﬁe@@ps@sgwalagﬁwgt HUIPEYaY CaRArEY-al of these
enbodi nents may conprise one or nmore processing circuits executing stored
programinstructions for carrying out the signalling techni ques and

signalling flows described herein; those skilled in the art wll appreciate
that these prqggsyyigg s%hér?.!d!.éﬁowa@@mép&@n@aﬁe%oweatmaCtrrmrr@mﬁwsors
m crocontrol | er or the Iitke, executing programjnstructions 15 stored in

one or neEMerapsdetietissr eqU'Pme”t 1@‘”\@&%@&*""3&%@@9%"19t@d‘pl'ﬂ“ic’ﬁ‘éroart will
appr eci at;ge ot Bt & AV 5\%?Q%&b‘%ﬁarﬁieﬁfé‘%ﬁé%@@é%‘éestﬁbﬂ 120Fod i M ted to

LTE systens or to apparatuses havin sical configuration identical to

that slygreetrete, abouber pUtARR feedhapl g'é‘i @ﬁég?ﬁatermﬁéééy HIRFIES may be

appl i ed tRnRLies oLk FRAMERIAISSRNI e k! € P@ﬁ'&ﬂ(t@arﬁeﬁ’ 1qC08y, CORANEOIses. 20
The net ho eps In user equi prent 10 for transmttl nﬂ@/? I(é]k contr ol

i nf or mat i ©@2:in® MiMf2 T§1€d<t|%0k|<?ﬁ biis B\ay e fRer evEgctian pReAdsd dhak e radio

base statgghe &%r@@ﬁ@;m&ﬁué 996 FIRHSRRRE ahe éﬁ@rQQJrﬂé@trHrﬁeﬁMoHéd newk devitdescr i bed
wth reference to a 25 flowhart delctedin Fig The ste t have

o b £ aiee than b cor it DAIESTBETING TBeRuIRA92 SenieioiaK CorPsaRS S e dnl o

order. ,sThe L Ading. n%?ﬁlmﬂ'@éZ |h$’ig’3‘r1@a'ﬁ§1£@setr QqGipheht HPluHRE Riprisd a hompemat | on
and the user equi pnent and radi o base station 12?"8 2 rised in a
rsﬁf’éﬁ’

radi o contesk fﬁ@‘ﬂquﬁMOﬁWkEa%@o%ﬂnPﬁ%e ComPras 4 ARG onpr i sed
ina bl 0%0&]‘1? l%él%m thB bRIRRR BRDQHIIMREY B 4 B8qUehes kf @fmrit @Imrm@&wmds to

uplink contr I nformation and 30 conprlses oi nt |

acknow edyetsis Sudhrimetn caeik o Bagdrdinid:Madfecqnpiisgs éfﬁ’g)r?ﬁéf”eﬁg&?g be a

PUCCH. module colif Bre%qg togERfer BRRK sB@dH l@r@é’gquéﬁ’cdm)bohmle&meami’aﬂﬁldﬁent s, as
i ndi cated by the dashed |1 ne, error correction encode theIFIock of blts

For ex3hpiveibolshiting sRiRadng BRYUENARHC BECHE G SFRRIWLFIVEF OdBIIRIEX B pr ocessed
or simlagy, %@QW&W@W@W@E&Q&&@%&Q@&@%@W is just §hﬁjﬁ|pﬁ&h2|on'59©cllser
equi pnent qld) \é in sone enbodi nents, as indicate %ib%] d I ||ne
scranbl e iFhe -kt JBR bigrek B?qu“eﬁéﬁﬂoe’wﬂ%ﬁ%ﬁ@ef Plackpriead Ge Sﬁﬂ‘feé’c 'E(P{Bp & quence
of conpl l%me’z’ﬂ' HESLIARAW AbbRMiBEER LS 1, . Theca cKigsThhd Fgcipsmeasseduenteofr educe
inter ce
complex valued modulation symbols is transformed per DFTS-OFDM symbol, i.e. each
25 segment of the block spread sequence of complex valued modulation symbols is
transformed by applying a matrix that depends on, i.e. varies with, a DFTS-OFDM symbol
index and/or slot index. This may be performed by first cyclically shifting each segment of
the block spread sequence of complex valued modulation symbols, thus performing a
pseudo-random cyclic shift to randomize inter-cell interference. Then each cyclically
30 shifted segment is processed, e.g. transformed, in a DFT matrix. The cyclically shifted and
DFT transformed segment is then IFFT transformed and the block spread sequence of
complex valued modulation symbols that has been transformed is transmitted over the

DFTS-OFDM symbols or within the duration of the DFTS-OFDM symbols.



5 interference and may be cell specific or simlar. Step 203. The
user equi pnent 10 maps the block of bits to a sequence of conpl ex val ued
nodul at i omoyninsrats 10St ep 204. The user equi pnent 10 blPoTIsSES@nes®s2 t he
sequence of conplex val ued nodul ati on synbol s across DFTS- OFDM synbol s by
appl ying a spreadi ng sequence to the sequence of conpl ex val ued nodul ati on

synbols, to a eas-@# SSRGS McofdifPloaxpatiiiedr auisat i on
synbol s. 15St eﬁyf%}éﬁ Q-\)eérgggeﬂéjsgéngnt 10 tracr?sforr?s pper DF'Ir'S- OFDM

synbol , t@ﬁDNdISmﬂlaol dspationdEaRe idEF birapsapneskbsiale Reing s iisdon synbol s by
applying a matri x that depends on a DFTS- OFDM synbol i ndex and/or sl ot
i ndex to the bl ock-spread sec;@ence of conpl ex val ued m)dul ation r}s@gnbol s. In

some enbodi meiasious krebadinents hetaipincives mashads,of eneasia YRRt ri x
correspory aﬁlﬂg ﬁwe?g;%e%pa%ﬁ g% El’%&@&ﬁ?ﬁ(ﬁue‘é‘o‘e&%e@%l}v& iROTEAdldnceper at i on of

rows or ¢ el enent In some alternative enbodi nents,
the matr |@thert\/\tmtese©ﬁlmmus1@§tl¢m%>’rst%mselQﬁéh@’@bo%@ﬁwéﬁms“s%e%‘@‘%? gte

Fouri er Ttt?é?%ﬂr%fe@@%b&é%%o%%@r%gg&cér%tfaﬁé oMot & tREJeaRbhba ieReNrat i on of

the matrix elenments user equi prent 10 may in sone
enbodi memtahile stationscodigediy enersiedding dransmib sgnAiNhBPTIRORF ABRITEL K, per

DFTS- G:DIths%ér‘E%lsm%L}egearm \Q?éﬁ?scsgfa‘%éc\!tﬁﬁﬁéj%@ee NBd@@moﬂﬁgMédj up@écamslul ation

synbol s eeh transformed. For exanple, the sequence may ﬁ
t ransfir remd/qrdemﬂelWml%’frme%@daﬁféor@'r@%@Ithel?erﬂ%‘ﬁl“ﬁg meihasls: SeMeER] Of €% cyclic

prefix prg (?r?bg) Fnemd may co compng grRe &Q'Zore-g?@ce%lﬁ{; cRElits RYBAKing BtokscPRSPiahs t he
ead sequ

bl ock spr enc conpl ex val ued nodul ati on synbol s that has been
t r ansf or riesdrugtiens fph@fwmQvtmwmngéectﬂﬁ@uﬁﬁaﬂ%S'Sa%'@‘gsﬂ%(‘fslQ?ﬁcrit? In some

embodi meng, {é R%h&{eaéﬁféhﬁﬁ lh%%rﬁ@fr@ﬁﬂ)r%gétettﬁatttﬁé’ébsﬁb&es%mb'd’r§t§|tsnﬁé;1 cdMhprishe

sequence O ex val ue ulation synmbols in a first tine slot and a 35
second pame chfmqrﬁmlfsrepfaé%érsom*%wm‘ltréﬁeﬁaﬂrdi'é‘ﬂ“%Gﬁﬁcéﬁ'n%wogﬂﬂ%ﬁﬁguqt'ﬁ”%

second, 4 i | 18i£448PCT/ SE2011/ 050052 26 Dependi ng on
whet herE’t fﬁqééﬁ%@e%pl n atl sl ot boundaries is a&gl [ ed ot her variants may

be derived. rﬂfwn@eeﬂﬂl@é@lﬁh‘éﬁﬂ'é the arbwHeRPrasiate thet ierayent teChRitssi ¢ t i ng
uplink c dqéc,rugéedSaBo@E%F tiiffed B BTEL terhé‘oﬁto%b@fafaﬂ!ﬂés%‘éﬁhgé phhaeael to a

base statlon IMm a wreless comuni cation systemis prowdkt The, upl i nk
&

control iashbiguratiargdentisp! thahal sHpastaspioye P yilkaRREPGAte 7t tesp HAIURRps t he
code Wolr glﬂé;ggé;g&?h'eé% Qt'P\eﬁﬁérQEQllnﬁwunUaﬁoﬁ §ystmabnd/fran olepapsipiueass t he

nodul at i S across DM synbol s by repeating the nodul ation
synbol & for each DFTS- OFDM synbol and appl yi ng a bl ock spreading

The method steps in the user equipment 10 for transmitting uplink control
information in time slots in a subframe over a radio channel to the radio base station 12
according to some general embodiments will now be described with reference to a

25 flowchart depicted in Fig. 20. The steps do not have to be taken in the order stated below,
but may be taken in any suitable order. The radio channel is arranged to carry uplink
control information and the user equipment 10 and radio base station 12 are comprised in
a radio communications network. The uplink control information is comprised in a block of
bits. In some embodiments the block of bits corresponds to uplink control information and

30 comprises jointly encoded acknowledgements and non-acknowledgements. The radio

channel may be a PUCCH.

Step 201. The user equipment 10 may in some embodiments, as indicated by the
dashed line, error correction encode the block of bits. For example, the block of bits may

35 be forward error correction processed or similar.



10 sequence of weight factors to the repeated nodul ati on synbol s, wherein
the repeated nodul ati on synbol s i nclude the nodul ati on synbols to which the
code wor dvbasiibsenasmapped, to achi eve a respective wei girCESEC@pPsOF2 t he
nodul ati on synbols for each DFTS- OFDM gynbol. The term nal then transforns,
in sone enbodi nents by precodi ng or DFTS- OFDM nodul ati ng, for each

DFTS- OFDM synbol , the respective weighted copy 15 of the nodul ati on synbol s

by applying a matrix that depends on a DFTS- OFDM synbol ng an ﬁir@ sl ot
i ndex to the r¥spa82iThe ygst guivmerichymayr '”tsﬁg‘er%‘éﬁﬂdé{f“?’ﬁ?r@y gted by

term nal {LQnLHGR %Er@ﬂﬁ)@ fh8 bIdRR of Bifs Bé?éﬁé‘n‘ié'ﬁpﬂvg tB@ 6l clObTSsCF I sebide or

synbol duration, the respective vvelgl_ of the nodul ation synbol s
t hat has %@empﬁ%dﬁb@dmlaﬂ‘@n ﬂ‘féb%%(sé‘esspé\"tmttiﬁﬁg Prasess Bde RAUFe O ASBdi ment s,

the code B oY JRETFBERLESIAT FIFPFTS. 20 OFDM synbol and then t he

repeat ed code wor I hcl udi ng the code word that has been repeated, are
mapped to nodul ati on synbols, i e in these enbodi nents the repeating and

mappi ng steps gfyh O5dsr SRIBRALAIMD A&Ss HEBRCK Bf BB aSRqOERHR of camglex
fol |l oned by the b)vel ghﬂ ng Igt@fo&%ZSThe c%annel may be a Pﬁy5| cal Uplink
o

Cont rol Cl#usdenodutiionisgmeelde word may be a nunber of bits. The nodul ation
synbol s may be QPSK synbols or BPSK synbols. In sone enbodi nents, the bl ock
spreadi ng sequence may be an orthogonal sequence. The stefp of transforni ng

may i nl&Gome endfeni2idnthe userpriiBaents! Ockledk Paeady thpequensroiRIMAISK vallisdc h
matrix %o&ﬁatﬁ)n@gﬁ%%@ta%rd:sglﬁpﬁ LOEDRNSYhold BiBdgplying a?‘Qpreadmg sequBAc®® form

the neth st eps for transmtting uplink control information in tine
sl ots i n thaeeausnte gheoroRier valyrd maéhllét'%‘kﬁé(ﬁwé’ls forpahieye pRIPSs PR st ation 12

the user @é&e&tc ADIGQARE $esuBRoRsyABGEMent s depicted in Fig. 21. The
radi o cha%(rallgf3 é) QCGOITDI’I se lleCI(zl ogr; ot her uplink control radio channels

and is ayranged to carry uplink WD 2011/087448PCT/ SE2011/ 050052 27 control
i nf or ”fé' on. Aﬁeﬁtﬁseﬂn@&&\léqulbméntbimt%sﬂi‘rmbl e DFG- @pDMe@md tHeDblogK- i Nk
o]

contr information and conprise jointly encoded acknow edgenents and
non- ack ncikreaitRAnIANG: of@lomp%rvélt@ﬁmu}?élﬁ%ymhfés Qg aprlyga e "8y may

conpri se aneRbd Qﬁ a(ﬁp’ﬁse@f:bﬂlr‘syﬁ%l MGe)@érﬁcﬂ&' diot2ddbx GO Hel tgéﬁkeéi)rééli fJquerice
correction encode the b Furt hernore, the user

equi pmsntofmy‘p!%rVﬁNeé@@U%'P@ﬁwp‘H@ 'BlsP@Glembfﬂﬁ‘%ﬁ'?eg’ﬂ??"é'd CPBPERGSanbl e t he

bl ock of rhiatrrﬁ RAADKE NBRR MGtk Q@rr@é&ﬁhs & a DFT%pé@t:é@%gémuwnﬁa c}@icof
conpl ex val ued modul at i on synbol user eq ub nent 10 conprises a

nmappi ngP cshift eparationzof eps prg@pﬂtéanwthwatr%ee'w%k lpFORF 4B he sequence of
conpl ex valysimBmd Uhatidik, TS prises matrix elements, corresponds to a Discrete

Fourier Transformation operation together with a scrambling operation of the matrix

elements.

25 Step 206. The user equipment 10 may in some embodiments, as indicated by the
dashed line, furtherOFDM modulate, per DFTS-OFDM symbol, the block spread
sequence of complex valued modulation symbols that has been transformed. For
example, the sequence may be transformed in an IFFT process and a cyclic prefix may
be added in a cyclic prefix process.

30
Step 207. The user equipment 10 transmits the block spread sequence of

complex valued modulation symbols that has been transformed over the radio channel to
the radio base station 12. in some embodiment the transmitting comprises to transmit a
first part of the sequence of complex valued modulation symbols in a first time slot and a

35 second part of the sequence of complex valued modulation symbols in a second time slot.



15Furthernore, the user equi pnent 10 conprises a block spreading circuit
214 configured to bl ock spread the sequence of conpl ex val ued nodul ati on
synbol s awopass/BFHS- OFDM synbol s by appl yi ng a spreadi n@CISEEM08005D t he
sequence of conplex val ued nodul ati on gg¢ynbol s, thereby achieving a bl ock
spread sequence of conpl ex val ued nodul ati on synmbols. 20 The user

equi pment 10 %% GH@HV@%%]&%&@&%@%F@H%a@élét%uhdé?rﬂe% i€ apliegLstest t 0
transform per DM synbol , the bl ock-spread sequence of conpl ex

val ued noWipalsingay kaemived by applying a matrix that depends on a DFTS- OFDM
synbol index and/or slot index to the bl ock- spread sequence of conpl ex
val ued nodul ation synbols. 25 The matrix may in sone enbodi nents conprise

matri x el ementls same egthodisrgitng Meghos Imaéemeﬂeéfqrd@f‘ﬁ@#tmﬁr%@f BYHEt i on

oper at '@ﬂn%ﬂﬂ&tﬁdﬁﬁ aWdi th ésWFémeCoxfe*ﬂbfchaﬁmr&é b&ds Qhtignama viarelessl urms of t he
matrix elenments. The matrix, that _may conprise matrix el enents

cor r esporgMnourcatics syem iFpigvides 'ﬁh%%‘%f’?fﬁﬁoi BiPrgsEemRY RS PB’@BT‘W@HX\?A th a
scranbl i n&d@%r@ﬁh%ﬁer?rtmél%ﬂ%ﬁﬁé Bl G RO Fridduldfbon symbols Addidrimiadthey, t he

user equi pment onprises a transmtter 217 configured to transmt the

bl ock spridesk %E%ﬁsﬂéﬁ‘@fe”@ﬂméﬁﬁfpffwo\'ﬁa@%@‘& %@T&FWSWW%P% rePRatING A peen
transfor Wﬁgdlg%ﬁ? %H\%ofsafgﬂ &ach WbFDM dyibol & &)Wa slodk kg8adig The

transmtter y 1 n some enbodi ments be configured to transmt a first

part of0 tepausecseieighhfactwais B renseterinaduidion 43 lsseh?ffﬂ?/tb%tﬁ?eé edg val ued
modul at | grﬁo%f%ﬂﬁn‘l'bms%élucfesthe i dRIa8b9 SyrAbllks & WIRaPMd s worf hddweenequence

of conpl nmodul at1 on synbols in a second tine slot._ In sone

embodi menmepraseto aabieve GURERRSHYE WBiIghigHcRBY OfBRPIadylelon BYEReios eATiHUI at or

216, whi che @%é rﬁtsiolwhecem.hgﬁﬁedtrérefmrgadw@a&dm@ﬁs SEESNE Y
synbol , t Iock%lgr ead sequence of an ex val ued nodul ati O@E}?énbm s that

has been er%'@r oF mOM?“@xfﬂﬁﬁP@h DE&%TP d U sWRPOloferBRPes K SePY

sequenge ﬁgh%f"?ﬁ@@ulgffonvévn%% BP&RHIMd é?ﬁa%)mp@t'o%péhd%ma BFPEXS M BMnsybol i s
transforne yirig the matrix to the segnent of the bl ock s%ead

sequence Iaae&mr%@tMeaé@th%aﬁne&fwwe@btee ;‘FPer‘P@h? odHiation syhob:

circuit Zégmnélnﬂ) th&e Rakdniiid HPCHillrﬂ\tv@rqn'ééch I TSRO MR Hibat @fsy%:bﬁl e‘BJﬂéltlon
transnmitted wthin the DFIS- OFDM synbol. The transmitter

conpri sedhp meqmetl\@mhfe@e%/tqfﬁhezmedulw YRbol thatfies heep gpﬁsfpr&)gﬁ @%he

transm t tp.ng dlohnik aﬁ@ﬁ%fl\% ehﬂéd?h@ﬁt%' B8 ce¥EWoR rhadb®rebeaidsmeich DFTShe
radi o base station npl emented t hrowgh one or ({j@ﬁprocessors

such a20 aOBIPUb%@@iOh@‘dctihPB Lhetregqq;eqi Rodsworgs dncluding Birerrde 19 RaSRFSn Fi g.

repeated, are mapped to modulation symbols, i e in these embodiments the repeating and
mapping steps of the block spreading are done in reverse order, and followed by the

weighting step.

25 The channel may be a Physical Uplink Control Channel and the code word may be
a number of bits. The modulation symbols may be QPSK symbols or BPSK symbols. In
some embodiments, the block spreading sequence may be an orthogonal sequence. The
step of transforming may in some embodiments comprise to cyclically shift the matrix,
which matrix may be a Discrete Fourier Transform matrix.

30

To perform the method steps above for transmitting uplink control information in
time slots in the subframe over the radio channel to the radio base station 12 the user
equipment 10 comprises an arrangements depicted in Fig. 21. The radio channel may

35 comprise PUCCH or other uplink control radio channels and is arranged to carry uplink



21, together with conputer program code for perform ng the functions and/or
nmet hod steps of the enbodi nents herein. The program code nentioned above
may al so we 2primsraed as a conputer program product, for PCosEa1¢05G052 t he
formof a data carrier 20 carrying conputer program code for performng the
present solution when being | oaded into the user equi pnrent 10. One such

carrier mRyihenbindtle. A9EBtRfabdvElh&ERbIEbRSGts nhdy dofrebporME Lpfiriesnbible Wi th
other data carriers such as a nenmory stick. The conputer program code may

f ur t her nopfermatioppdicargriss Ob\ﬁV@”?ﬁd&@@&hﬁ‘%%@em?”és N and downl oaded to
the user LULHR oHls. 25 The user equipnment 10 may further conprise
a nenory 219 contigured to be used to store data, spreadi ng sequence,

matri x, and application to performthe nmethod when bei ng executed on the

user equi pment, égm@%q’{%ﬁln%n@ tlh@ruser3ébwpment 10 MYy JRiphies afi lefrids cbitettien r adi o
base station 12 for receivin i nk control |nformat|0?n intine slots in a

subf r ane Gging aireuiti2 Bl %Qﬂi'ﬁW@g tq ?'Eﬁ?ﬁqoﬁécﬁﬁ‘éfncé 8it%ccording to sone
general enbodi nents will now be descri bed vvith reference to a flowhart
depicted in Fi 22. The steps do not have to be taken in the grder stated
bel ow, 35 but FrEewROre ke NSeENN MeXSPEPET R Scramiling i cyitdZnnel i s
arranged éoﬂf.&ﬂéé ib RAhBK V1883 8 BARRPEAHSIRE Helh I ORI DRs Bthe 8B edke
information and the user equipnent 10 and radi o base station 12 are

conpr i Hedficamalex yaiued EEHAHPEEXTRAMS network. The uplink control information
is conmprised in a block of bits. In sonme enbodi ments the block of bits

corresponds to uplink control information and co r| ses él%{l ntI coded
acknow edgenenths UsRteqERMaRKIIGRMPAgRNR AAPPINELEIreuit? 13 epnfl F‘ﬁinéq %e a
PUCCH. ck of%‘t?ﬁ) tﬂg%eqﬂh‘éebﬁé’drﬁ’plgﬁﬁu&irﬂbﬁtﬂﬁloh% FT%%' ves a sequence of

conpl ex va ?ued nodul ati on synbols. 10Step 222. The radi o base station 12
OFDM denodul at es the sequence of conpl ex val ued nodul ati on synbol s.

Step 2¢23. The #@ﬂbﬁn&@see%etéq%n;e%tab@angr@@%mbassr@ean@ca&m synbol ,
t he OFDM denodul at ed sequence of conpl ex val ued podul ati on

appl yi ng @nfigurasia bigck sraeatibpSRELCIGR OQCW@‘ YHERA DORYRION F, Hl?é aa}ﬁ'i‘?sér sl ot
i ndex to pies.grBM Wb@éﬁﬂyﬁ@g‘éSr'%@m@fse@&Hﬁéb@dth‘é%lebl@éhc@&ﬁdbr&blbﬁn

synbols. This matrix may performresult in the inverse o n to that of
t he rratr|%'L@dlmqu!'f'é'oﬂ§éfr‘”b@'&u?‘ﬁﬁ?@ﬁ?c*lé"'”grﬁ@'Oich\%ﬁeé@SS%‘@”&?PE ¥<in sone
enbodi m%egq%d|§@n%?mbgl\ger se Discrete Fourier Transform operation, and
the inverse matrix to the matrix G nay conprise an Inverse 20 D screte
Fouri e#0 Transform matri x.

The user equipment 10 also comprises a transforming circuit 215 configured to
transform, per DFTS-OFDM symbol, the block-spread sequence of complex valued
modulation symbols by applying a matrix that depends on a DFTS-OFDM symbol index
and/or slot index to the block-spread sequence of complex valued modulation symbols.

25 The matrix may in some embodiments comprise matrix elements and correspond to a
Discrete Fourier Transformation operation together with a cyclic shift operation of rows or
columns of the matrix elements. The matrix, that may comprise matrix elements, may
correspond to a Discrete Fourier Transformation operation together with a scrambling
operation of the matrix elements.

30

Additionally, the user equipment 10 comprises a transmitter 217 configured to
transmit the block spread sequence of complex valued modulation symbols that has been
transformed over the radio channel to the radio base station 12. The transmitter 217 may

in some embodiments be configured to transmit a first part of the sequence of complex



Step 224. The radi o base station 12 al so bl ock despreads the sequence of

conpl ex val ued nodul ati on synbols that has been OFDM denodul at ed and

t ransf or r®0,201asM48 despreadi ng sequence, such as an or Phogaeah/oswauence.
25 Step 225. The radi o base stzion 12 maps the despread sequence
of conpl ex val ued nodul ati on synbol s that has been OFDM denodul ated and

transfor %ﬂredtn‘?ocﬁné?nbﬁ%gm%lslm 5 first @6 epeakd é\geédﬂﬁ paRldf e RDERdRI of
i nformation e radi o base statiaon nay decode the received

upl i nk coempiax vahesregulasian SVWP'Q(UEPWM@ISGW SE2011/ 050052 30 a subframe
over a radio channel fromthe user equipnment 10. The radi o channel is
arranged to carry uplink control informati 1.0 base station
12 conprises dn ﬁ@@élemodmt%ﬁwﬁam%’m%ﬁ18&?*\%%{%@&6@:‘?@8’* conpl ex

val ued ﬁggubastd?@mymeﬂ\ B rﬁ&ﬂf.@br%%ﬁ&m@#m'nﬁwww Cp@rDF$SZtSf?DMOnf i gured

to OFDM denodul ate t he sequence of | ex val ued nodul a

Fur t her nowyebot, e hlael Preseedsens er?OTQ X YApef sredulatipn ﬁﬂg?%g% iéa%*i’?eé‘ul t 233
configur qg{x%fbr%é?ﬂﬁr%Réﬂwpl@%ac@ﬂéﬂ@ﬁ@ﬂtﬁé’ﬂb@i spréétﬁséaa@h&éjﬁfﬁédiple&t ed

sequence 0 ex val ued nodul ati on synbol s g g maHtrl X that
depends ml@dm@@pwmbo@whtb@la Pﬁﬁ%ﬁeﬁwmbw%ﬁf WSF% ¥ apRY¥INextsy
derodul atrﬁ&'mf ﬁﬂfﬁ%%ﬁm@ﬁt SUPHISH HRbAESEIBALY GHcbRPIeswaRRk Snodlkiien Mat ri x may

performresult in the inverse oFeratlon to that of the matrix Gin the user

equi pnehtsyrolsinéhs transfasmingsaiedit 2 th apaihanPRIIMeneavisied Reht OFO8hpri se an
I nverse DO sgligber fePsHd nsHittastidiihe BTl OPDM shfbol. MBeitaMehser 2Bt max to the

matri x G may conprise an Inverse Discrete Fourier Transformmatrix. 15The
radi o base eamrised inthe YFQM podpleios@d6a bl ock despreading circuit 234
configured to block despread the sequence of conplex val ued nodul ati on

synbol s that has been OFDM denodul ated and transformed, wt despreadin
sequence. Fur tThererpadimenia hergi fer arseiding Hplsyk oppirel dpfpralion Oé{ern%ﬁﬁf‘ﬁ °

circui s 23ankané tr@%@*é baSe B0t NE N9 SRR mEARMeneagwbns orpbex val ued
nodul at1 on synbol s t hat
processors, such as a processing circuit 218 in the user equipment 10 depicted in Fig.
21, together with computer program code for performing the functions and/or method
steps of the embodiments herein. The program code mentioned above may also be
provided as a computer program product, for instance in the form of a data carrier
20 carrying computer program code for performing the present solution when being loaded
into the user equipment 10. One such carrier may be in the form of a CD ROM disc. It is
however feasible with other data carriers such as a memory stick. The computer program
code may furthermore be provided as pure program code on a server and downloaded to
the user equipment 10.

25
The user equipment 10 may further comprise a memory 219 configured to be

used to store data, spreading sequence, matrix, and application to perform the method

when being executed on the user equipment 10 and/or similar.

30
The method steps in the radio base station 12 for receiving uplink control
information in time slots in a subframe over a radio channel from the user equipment 10
according to some general embodiments will now be described with reference to a
flowchart depicted in Fig. 22. The steps do not have to be taken in the order stated below,

35 but may be taken in any suitable order. The radio channel is arranged to carry uplink



20 has been OFDM denodul ated and transfornmed, to a block of bits

representing the uplink control information. The enbodi nents herein
for receiwOngiusrisgk control information over a radi o clramsekotfiosws: he user
equi pnent 10 rmay be inpl enented througlp one or nore 25 processors, such as
a processing circuit 238 in the radi o base station 12 depicted in Fig. 23,

toget her Jwhirh) |%Mhﬁran9ﬁk%&@b8&lgﬁeﬁt0f0 AR BB stahéen fi21Bkt dopipsisan OF
met hod steps of the enbodi nents_herein. The program code nenti Oglog’ho
the

may al so d@adigreinaerraignanetyaisut be U@megpaﬁﬁ?'mfﬁm?é@n I GMArised 4

form of a,dahaockR dmRidinéHts WMok VTBIE SdrreRpOtHsABBMkecohOb! ieFrhatioRiang t he
present solution when being | oaded 30 into the radi o base station 12. One

such car raoswripes/ioidy PRcadkd aekianiesgements aaavialpelnoMedapBIeRisWENR % e asi bl e

Wit h otheha ARl gdy@ed PUBCEUCh as a nmenmory stick. The conputer program code
may furthernore be provided as pure program code on a server and downl oaded

to the radi o base station 12. WD 2011/087448PCT/ SE2011/ 050052 31

The radi o basesigh ab Ofher3diBBYse HaliblET2 FRRERNES § RequdiRBTRY YordR&x 648y | Si ng one
or nore nmenory units and configured to be used to store data, spreading

sequence,Meguiatiop sympelsappl i cation to performthe method when being executed
on the radio base station 12 and/or simlar. 5 In the draw ngs and
specification, there have been di scl osed exenpl ary enbodi nents _hereijn.

HowevelO many Stap 282 Besadindapddiction b2 P5RY W%t%ﬁ‘é SeUEIrESE CORBIBHI ment s

wi thout  subshanddudliby sh@Bast i ng fromthe principles of the enbodinments.
Accor di ngly al t hough sSpecific terns are enployed, they are used in a

generic and 10 descriptive sense only and not for purposes of limtation,

the scope of tdig, bhyerHd [Qhiolbakd statied ﬂi‘@@nbﬂén&f@ﬁné %P DW'I'S@F@MISVMboI VO
2011/ 087448PCT/ 8%2011/ 050052 32 CLAIMS 1. A nmethod in %pglss%'r){ UI prrent (10)

for trandhe OFDMdepedured spauenre PHEcHRIRt Yaled Rodylationsy ¥I9r& ame
over 1d§ qu%tﬂx t22085dnd5 @nd HRES-©FPAE &SR tdeR ahd/3) slof iR@exts @fe ©@ADMPMENt  ( 10)
and ra ase station (12) being conprised in a radio

demodulated sequence of complex valued modulation symbols. This matrix may

perform/result in the inverse operation to that of the matrix G in the user equipment 10.

The inverse operation may in some embodiments comprise an Inverse Discrete Fourier
Transform operation, and the inverse matrix to the matrix G may comprise an Inverse

20 Discrete Fourier Transform matrix.

Step 224. The radio base station 12 also block despreads the sequence of
complex valued modulation symbols that has been OFDM demodulated and transformed,
with a despreading sequence, such as an orthogonal sequence.

25

Step 225. The radio base station 12 maps the despread sequence of complex

valued modulation symbols that has been OFDM demodulated and transformed, to a

block of bits representing the uplink control information.
30 Thus, the radio base station 12 may decode the received uplink control

information.

The method may be performed by a radio base station 12. Fig. 23 is a block

35 diagram of the radio base station 12 for receiving uplink control information in time slots in



5 conmuni cati ons network, which radio channel is arranged to carry uplink
control information, and the uplink control information being conprised in
a bl ock oWolwtizg744ee net hod conpri ses -mappi ng (203) thechiseekiofoobits to a
sequence of conpl ex val ued nodul ati on gynbol s, 10-bl ock spreading (204) the
sequence of conpl ex val ued nodul ati on synbol s across Di screte Fourier
Transform %f%‘?r% sveParhng endne Fr&A URNGEr BhibkbRiM dMithé ki@ ar@el iPFTS- OFDM
synbol s by applying a spreadi ng sequence to the sequence of conplex val ued
modul at i oAragRde et upliak PeERRRINErBRERk spread sequence of conpl ex val ued

15modul ation syhohR bask BN 95 ebrngns(e%%aeceﬁer 2:E¥:Jo$m55r@ﬂ’lt§b@%‘@mb,a t he

bl ock- spread sequence of conpl ex val ued nodul ati on synbol s | ying a
matrix tmugmﬁ@@mma’abﬁmo@nm@ymm's AR ar OnRM SFmQF’Hlat'F‘ﬁd‘érf“tto t he
bl ock- sprpad, ?zfoﬁbwpdﬁmo%%été/ﬁ%etb%auém@tﬂf%ma@xwmb@h@dulaﬂ@h

20- transmttl ng 207) the block spread sequence of conplex val ued

nmodul at i oymbpibol s t hat has been transformed over the radio channel to the

radi o base stag|,Qflrinbfe, the rad®-bale @%&@9@2 %Gﬁﬁfléﬂs@trél%féhﬁin@cfifcuWRBel n the

matri x conprises matrix el enents, 25the matrix corresponds to a

Di scret e afigired toriransidroy et PohS @ﬁ@d\éﬁwﬁlwlﬂbg&ﬁ%ﬂ dVWPW'%{eéy?EW%E‘C% Rf ft
operati ong Ié%u msmléim%yﬁ’xiao@@yrdpblyﬁ)lgedﬁﬁttr& that dgperﬁsrﬂﬁtd@ﬁmel ng to

claim1l, ereln e matri x conpri Ses matri x el ements, and COI’I’GSpOI’]dS to a

Di scret@ $mha i ldeXI' pagier Yotrirdexde thepaF M dsmadylgéadreaugnderetgomplexvalsei ng
oper at i ony,gf 5§k X TRE SR Say ferfdr¥RENOH 1REROEEE egerraeorawhafofmeau s

1-3, further conprising -error correction encoding (201) the block of bits,
and matrix G in the useregpiarmsnt HYy TheAPEryeRPeRtopINFIN 5PIE SPOSIEN®Bppi ng t he

bl ock of Qi SiskAnliRRrPERAYRNES R THASRHRpY¥ ks GnERH ISk hatik B Ahe -
matrix G may comprise an Inverse Discrete Fourier Transform matrix.

15 The radio base station 12 also comprises a block despreading circuit 234
configured to block despread the sequence of complex valued modulation symbols that
has been OFDM demodulated and transformed, with a despreading sequence.

Furthermore, the radio base station 12 comprises a mapping circuit 235
configured to map the despread sequence of complex valued modulation symbols that

20 has been OFDM demodulated and transformed, to a block of bits representing the uplink

control information.

The embodiments herein for receiving uplink control information over a radio

channel from the user equipment 10 may be implemented through one or more

25 processors, such as a processing circuit 238 in the radio base station 12 depicted in
Fig. 23, together with computer program code for performing the functions and/or method
steps of the embodiments herein. The program code mentioned above may also be
provided as a computer program product, for instance in the form of a data carrier
carrying computer program code for performing the present solution when being loaded

30 into the radio base station 12. One such carrier may be in the form of a CD ROM disc. It is
however feasible with other data carriers such as a memory stick. The computer program
code may furthermore be provided as pure program code on a server and downloaded to

the radio base station 12.



WO 2011/ 087448PCT/ SE2011/ 050052 33 A net hod according to any of clainms 1-4,
further conprising OFDM nodul ating (206), per DFTS-OFDM synbol, the bl ock
spread seyoentesofssconpl ex val ued nodul ati on synbol s t haCTisaso1besns2
transforned. A nethod according to any3pf clains 1-5, wherein the step of
transmtting conprises to transmt a first part of the sequence of conplex

val ued modul atfHyYva8)Haes Statidh @2 friah SirtHer BEMElista Meethoty 288 @d@piaig o ort he
sequence of conplex val ued nodul ati on %¥£PO|S in a se&ond time slot.

A
met hod adBeiedNegonsningnGsontipaieddo be gsediresip faten ePTHROIER SBIUSHFE-dnatrix,
cor r espondlsy 4p|iskioh K p&fiMnrtRé mief{darifen KahddcaeaBh itfedjodiRt Isyatienaeded
acknow edgenents and non acknow edgenents. A nethod in a radi o base station
(12) for 3SRy uplink control information in time slots in a subfrane
over a 4adio channel froma user equipnent (10), which radio channel is
arranged to carry uplink control information, thg%ﬁglink coptrol
i nformati on i In&meAEeE and seeicaERn. drerphave PeisRrSer Sfe®P@BGui prent  ( 10)
and 20 r aghgbdifskts HhRid. Poweler) nmah ¢ va&RTBRd 88fmbBifidationd hfay LRI Bahésens
network, the nethod conprises receivin 21) a sequence of | ex val ued

. : / (221) a .CO
modul at i c¥nkadipents witheytisHbgjanfially Ff?@ajm%gm trepracpiesn the %P%?H"Hagtgomm
dermpdul atj - b @8l usdinlaaddnenc aydrbol s, 25-
t ransf or nédr%r(%%galtﬁgggrh%%gg'g@g%ﬁﬂ%g&nﬁl jﬁét’ Kr_galysequence aﬁ conmpl ex val ued
modul atQ glesssptiyelsenesenly ARG ePurrdses QEkBERICA B8 SBRPE IS/ INME IR &SI x t hat
depends Qifigedby HeGbROWIREILRTs. Tr ansform Spread, DFTS, - OFDM synbol index
and/ or slot index to the OFDM denodul at ed sequence of conpl ex val ued
nodul ati on synbol s, 30- bl ock despreadi ng (224) the sequence of conpl ex
val ued nodul ati on synbol s that has been OFDM denodul ated and transforned
wi th a despreadi ng sequence, and mapping (225) the despread sequence of
conpl ex val ued nodul ati on synbols that has been OFDM denodul at ed and
transforned, to a block of 35bits.



WO 2011/ 087448PCT/ SE2011/ 050052 34 9. A user equi pnent (10) for
transmtting uplink control information in tinme slots in a subfrane over a
radi o chawmoebii748r adi o base station (12), which radi oprchsraah/os®sar r anged
to carry uplink control information, ag@ the uplink control information
5being conprised in a block of bits, and which user equi pnent (10)

conpri ses a mapping circuit (213) configured to map the block of bits
to a sequedd¥Sof conpl ex val ued nodul ation synbol s, a bl ock spreading

circuit (214) configured to bl ock read the sequence of  c | ex_val ued
nodul ati on §yr&>6‘|e§‘°gdﬁ‘ 6é‘éertﬁoé‘tﬁ”éet”%?ﬁ)é(fﬁrit@Ps'?Fté{}?gfpﬁPw%ﬁr }eggo%aﬁ%nt hogonal
Frequency Di Vigh8lotlid 5 spbaxhd@ver Bra&o GhbMel syarkaiicsbdyy seqiohyi 2)gtha user eadi ng
sequence to the sequence of congal ex val lzﬁ% mpdul ati on,synbols, to achi eve a

bl ock spread <syPEHEE(9 apdrtieRaseatlen (FORANS SoaPrisshst @dio a
transfoy mng cohmtidicatisddnet@on Wlih estié endrinanis laeranyedalercab¥y UStir@rdoktrsly nbol |,

t he bl ock-spread seguence of conpl ex val ued dul ation nbol s by .
15appl yi ng a reFMKiophaiRd "(H‘@b‘éwa‘sn&é‘?fo'aima loﬂl:—%\ﬂgs%ﬂ%'lseﬁ?ﬁhaeglogmgybdtf’ sl ot

index to the hLhogletrdarRamrisgguence of conpl ex val ued nodul ation synbol s,

a transmtter (217) confi%ured to transmt the block s readlsequence of
conpl ex val ued nodulm#ePBs QM RogRiPith ika BRBFNET § R SPer the radio
channel to the radigoddRnsiabben (12). 20 10. A user equipnent (10)
according to claim9, wherein the matrix cogﬁriseﬁ tréx ElFPEHtS and the
mat ri x1&or r esponds -Pleck Seradipg{204Etgsearerre A SPAPIRAYAYRY BIP9HEIYbN t oget her

with a cyclic shiftsyapelaick@R McréeWoumér TahdemsSpleadatrinogehsinent s. 25 11.
A user equi pnent (1(3/

) according to claim in the nmatrix conprises
matrix el enents, aﬁﬁe%ﬁ¥Wé§bﬁﬂﬂbMPWp§X@9§§?g$gﬁt§hFW@B°§$%ﬁ@P§Wﬁ§1ion
oper ation together éesirédam% Suand th i aREEAd Efitonipldxhalusdtniddulatbement s.
3012. A user equi pnent f 0) accordbil&% to ns)éqof cl?ims 9-11 éurther

conpri sing symbols, td achieve a uencé of complex value
15 modulation symbols,

-transforming (205), per DFTS-OFDM symbol, the block-spread sequence

sprea%

of complex valued modulation symbols by applying a matrix that depends
on a DFTS-OFDM symbol index and/or slot index to the block-spread
sequence of complex valued modulation symbols, and

20 -transmitting (207) the block spread sequence of complex valued
modulation symbols that has been transformed over the radio channel to

the radio base station (12).

2. A method according to claim 1, wherein the matrix comprises matrix elements, and
25 the matrix corresponds to a Discrete Fourier Transformation operation together

with a cyclic shift operation of rows or columns of matrix elements.

3. A method according to claim 1, wherein the matrix comprises matrix elements, and
corresponds to a Discrete Fourier Transformation operation together with a

30 scrambling operation of the matrix elements.

4. A method according to any of claims 1-3, further comprising
-error correction encoding (201) the block of bits, and
-scrambling (202) the block of bits before mapping the block of bits to the

35 sequence of complex valued modulation symbols.



an error correction coding circuit (211) configured to error correction
encode the block of bits, and a scranbling circuit (212) configured
to scranbwe 20twsid4eck of bits before mapping the bl ock eCTiSER&E100050e
sequence of conplex val ued nodul ati on & nbols. 35 WO

2011/ 087448PCT/ SE2011/ 050052 35 an OFDM nodul ator (216) configured to
OFDM nodul ate, per DFTSOFDM synbol, the bl ock spread sequence of conpl ex
val ued nodul ati on synbols that has been transforned. 514. A user equi prment
(10) accor dbnd: methadpcedrding is awy F-claams Wtk fETNST PHBPYS Mhsni tter (217) is

configured to transBApm pidotiflinf@0k), @kr DEESERIRBERLET thedzkaxresdl ued
nodul ation synbols in a first tinme slot and a second g@;t of the sequence

of conplex val ued SBELANGEICHACTBRIADHYRILCY mogulatinsyrholsdgatdiasibeeiols. A user
equi pment (10) accepdiemdp any of claims 9-14, wherein the block of bits
corresponds to uplink control information and conprises jointly encoded
acknow edgenents and non-acknow edgenents. 16. A radi o base station (12)

for receivigg Af‘ﬂﬂ%ih% 268G ko AR & dEkhL AL, whetdinhestél &F tiansmitihfzgs ubf rane over
a radi o channe roma user egg;pnent (10), which radi o channel is arranged

to carry upli rRmegses teltranami ereticar of theesegpenaae! camplesivalupf S19%HEIIdh bei ng

conprised in %Xﬁbef%‘f? ,Qfﬁrsl?itifnjw@slcﬁ@ﬁd bhgcortit Hasessduahiesr dobblexormedi ses

a receiver (23 confrgured to receive a sequence of conplex val ued
goduljaﬂltq on symisiuatiopenber imdgeread tiMeedtlency Di vision Ml tipl exing, OFDM
enodul ati ng

7. A method according to any of claims 1-6, wherein the block of bits corresponds to
uplink control information and comprises jointly encoded acknowledgements and
non acknowledgements.

15

8. A method in a radio base station (12) for receiving uplink control information in
time slots in a subframe over a radio channel from a user equipment (10), which
radio channel is arranged to carry uplink control information, the uplink control
information is comprised in a block of bits, and which user equipment (10) and

20 radio base station (12) are comprised in a radio communications network, the

method comprises
- receiving (221) a sequence of complex valued modulation symbols,
- Orthogonal Frequency Division Multiplexing, OFDM, demodulating (222)
the sequence of complex valued modulation symbols,

25 - transforming (223), per DFTS-OFDM symbol, the sequence of complex
valued modulation symbols that has been OFDM demodulated by applying
a matrix that depends on a Discrete Fourier Transform Spread, DFTS, -
OFDM symbol index and/or slot index to the OFDM demodulated
sequence of complex valued modulation symbols,

30 - block despreading (224) the sequence of complex valued modulation
symbols that has been OFDM demodulated and transformed with a
despreading sequence, and
- mapping (225) the despread sequence of complex valued modulation

symbols that has been OFDM demodulated and transformed, to a block of

35 bits.



circuit (232) configured to OFDM denpdul ate the sequence of conplex val ued
nodul ati on synbol s, a transformng circuit (233) configured to

t ransf or mvoper1/d8rs8r et e Fouri er Transform Spread, DFTS, pcOSBRi1spsiost , t he
OFDM denpdul at ed sequence of 25conpl ex3aal ued nodul ation synbol s by
applying a matrix that depends on a DFTS-OFDM symbol index and/or sl ot
index to the OFDM denpdul ated sequence of conpl ex val ued nodul ation

synbol s, a bl ock despreading circuit (23%conf| ed t 0 .bl ock espread t he
sequence of9cmeéﬁqwam@@bmﬁb&m@rﬁnawngy I%’”Fﬂ'g OfBRIoNdR ey

ﬁggglﬁgg%ﬁ ggls?%rgéé @Oérfaor][aa%cbhaias\hétl o élréiﬁ‘? ﬁé@gedamﬁ\ (szmummﬁead.aaﬁ?nnel is a
configure o map e despre u conpl

val ued nodul atd"@AIed Y Ulpgﬂhc%‘éf@' 'B@é‘ﬁat@ﬂmﬁ‘% p ?lq%\?%(g‘ 'Hg’"f‘?t'o\‘?{‘sfgrr) mea)(;
to a block of k@ntgscompy}@d?95361519&76\‘4@5)(5%5&2@11%69590@%936(1@Ycorﬁprrﬁeﬁ hod in a
termnal for transmtting uplink control information in a
subframe over a ch& R@PPIRGCIEUR42ES) SPRItgUEs tPrﬁ“a&rT\E\Frbgﬁcéggb'gsotf’rﬁLﬁ%qH‘éTq

system the umfb&lﬁp@szoam@a nio@ﬁl@ﬁé?ﬁ&yn%blsbel ng comprised in a code word, the
met hod conpri sing: the code word to nDduIatlon synbol s; block

spreadi ng the mdul%‘@%%@ﬁ%& dregit (2J¢s conigresite blegtyspread pERGR Lpr ead,
DFTS, - O t hoggRplexWaRRH RGN s @dS]s Mook Dis@?@té‘gou@?méns&j‘mmméad}y
repeating the nodul ati on synbol s each DFTSOF ing a

bl (r)n(::)kl ¥pr eadi gqu@ﬁwt@ncm@w@mn M‘é.'&?'%’ﬁ'@g ilo- %ﬁl b‘i"ég @g'f’étal on
synbols to ac t eest ls f
each DETS: CFOM oy obSI e e ana ] of i hg. forﬁgﬁ?ﬁ%'”bb%mwb%ym@%‘ﬁgo ©
respective weiaghiexeiadinsh sereagseavsWaICAFOBRIES yalHET ?oﬂk}'aﬁﬁb‘f%@%‘ 'a matrix
that depends on a %ﬁ?a%sfacwg%(remmsp@i&mga@d/t@fraﬁdf@tn ipBEIBRT S @R

respective wei ghte
symbol, the block-spread sequence of complex valued modulation symbols by

15 applying a matrix that depends on a DFTS-OFDM symbol index and/or slot index
to the block-spread sequence of complex valued modulation symbols,
a transmitter (217) configured to transmit the block spread sequence of
complex valued modulation symbols that has been transformed over the radio
channel to the radio base station (12).
20
10. A user equipment (10) according to claim 9, wherein the matrix comprises matrix
elements and the matrix corresponds to a Discrete Fourier Transformation
operation together with a cyclic shift operation of rows or columns of matrix
elements.

25
11. A user equipment (10) according to claim 9, wherein the matrix comprises matrix

elements, and corresponds to a Discrete Fourier Transformation operation

together with a scrambling operation of the matrix elements.

30 12. A user equipment (10) according to any of claims 9-11, further comprising
an error correction coding circuit (211) configured to error correction
encode the block of bits, and
a scrambling circuit (212) configured to scramble the block of bits before
mapping the block of bits to the sequence of complex valued modulation symbols.
35
13. A user equipment (10) according to any of claims 9-12, further comprising



15copy of the nodul ation synbols; and transmtting, on each DFTS- OFDM
synbol, the respective weighted copy of the nodul ati on synbols that has
been tramnsbanned7448 t he base stati on. 18. A et lrqu/SEC@ONSIBY t O
claim 17, wherein the channel is a Phygscal Uplink Control 20Channel. 19. A
met hod according to any of clainms 17-18, wherein the code word is a nunber

of bits. 2520. A mefhoFDRGRAHIBY24E) @iig@bd 6 OFDM rhddule, phreFisn t he
nodul ati on synbol s are Quadrature Phase- Shift Ke#gng@sgnbol ‘set_or Bi ne}r
valle |

Phase- Shi ft KeYFPY sybpbthe block spreagsteqancec sPaw mpdyatien §yTgo 51¥- 20,
wher ei n the blipgksHeeadLRgosRAUeNnce i s an orthogonal sequence. 30 22. A

nmet hod according to any of clains 17-21, wherein transform ng conprises to
cyclically shift rows or colums of the matrix, which matrix is a Discrete

Fouri ers Tr angf O[,&rRbibment (10) according to any of claims 9-13, wherein the transmitter
(217) is configured to transmit a first part of the sequence of complex valued
modulation symbols in a first time slot and a second part of the sequence of

complex valued modulation symbols in a second time slot.

10 15. A user equipment (10) according to any of claims 9-14, wherein the block of bits
corresponds to uplink control information and comprises jointly encoded

acknowledgements and non-acknowledgements.

16. A radio base station (12) for receiving uplink control information in time slots in a

15 subframe over a radio channel from a user equipment (10), which radio channel is
arranged to carry uplink control information, the uplink control information being
comprised in a block of bits, and the radio base station (12) comprises

a receiver (231) configured to receive a sequence of complex valued
modulation symbols,

20 an Orthogonal Frequency Division Multiplexing, OFDM, demodulating
circuit (232) configured to OFDM demodulate the sequence of complex valued
modulation symbols,

a transforming circuit (233) configured to transform, per Discrete Fourier
Transform Spread, DFTS, -OFDM symbol, the OFDM demodulated sequence of

25 complex valued modulation symbols by applying a matrix that depends on a
DFTS-OFDM symbol index and/or slot index to the OFDM demodulated sequence
of complex valued modulation symbols,

a block despreading circuit (234) configured to block despread the
sequence of complex valued modulation symbols that has been OFDM

30 demodulated and transformed, with a despreading sequence, and

a mapping circuit (235) configured to map the despread sequence of
complex valued modulation symbols that has been OFDM demodulated and

transformed, to a block of bits.
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36

A method in a terminal for transmitting uplink control information in a slot in a
subframe over a channel to a base station in a wireless communication system,
the uplink control information being comprised in a code word, the method
comprising:
- mapping the code word to modulation symbols;
- block spreading the modulation symbols across Discrete Fourier
Transform Spread, DFTS, — Orthogonal Frequency Division Multiplexing,
OFDM, symbols by repeating the modulation symbols for each DFTS-
OFDM symbol and applying a block spreading sequence of weight factors
to the repeated modulation symbols to achieve a respective weighted copy
of the modulation symbols for each DFTS-OFDM symbol;
- transforming, for each DFTS-OFDM symbol, the respective weighted
copy of the modulation symbols by applying a matrix that depends on a
DFTS-OFDM symbol index and/or slot index to the respective weighted
copy of the modulation symbols; and
- transmitting, on each DFTS-OFDM symbol, the respective weighted copy

of the modulation symbols that has been transformed to the base station.

A method according to claim 17, wherein the channel is a Physical Uplink Control

Channel.

A method according to any of claims 17-18, wherein the code word is a number of

bits.

A method according to any of claims 17-19, wherein the modulation symbols are

Quadrature Phase-Shift Keying symbols or Binary Phase-Shift Keying symbols.

A method according to any of claims 17-20, wherein the block spreading sequence

is an orthogonal sequence.

A method according to any of claims 17-21, wherein transforming comprises to
cyclically shift rows or columns of the matrix, which matrix is a Discrete Fourier

Transform matrix.



