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In today’s radio communications networks a number of different technologies are

used, such as Long Term Evolution (LTE), LTE-Advanced, 3rd Generation Partnership
Project (3GPP) Wideband Code Division Multiple Access (WCDMA), Global System for
Mobile communications/Enhanced Data rate for GSM Evolution (GSM/EDGE), Worldwide
Interoperability for Microwave Access (WiMax), and Ultra Mobile Broadband (UMB), just
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
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.

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-
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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20 formed lines and resource elements used for reference symbols are indicated with
diagonal lines. Frequencies f or subcarriers are defined along an z-axis and symbols are

defined along an x-axis.

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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Herein the focus is on the latter case, i.e. where Layer1/Layer2 (L1/L2) control

15 information, exemplified by channel-status reports, hybrid-ARQ acknowledgements, and
scheduling requests, is transmitted in uplink resources, i.e. in the resource blocks,
specifically assigned for uplink L.1/L.2 control information on the Physical Uplink Control
Channel (PUCCH). Layer 1 comprises a physical layer and Layer 2 comprises the data
link layer. As illustrated in Fig.4, PUCCH resources 41,42 are located at the edges of the

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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For PUCCH format 2, there are also three variants in the LTE specifications,

20 formats 2, 2a and 2b, where the last two formats are used for simultaneous transmission
of hybrid-ARQ acknowledgements as discussed later in this section. However, for
simplicity, they are all referred to as format 2 herein.

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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performed.

Transmitting multiple hybrid-ARQ acknowledgement messages, one per
25 component carrier, may in some situations be troublesome. If the current LTE Frequency
Division Multiplex (FDM) uplink control signaling structures are to be reused, at 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
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The user equipment maps the biock of bits to a sequence of complex valued

modulation symbals. 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 sfot 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.
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i nformat i Qe btk SRRENGISH JBFRIEX AN masH MtBASPmB6IS! tb@Bhidlea Bldcronpr i sed

in a radio comuni cations network. The uplink control information is

conpri kféomr?ﬁdasqguemé @fcoppiex valued moduigtian gwabols iy F‘r@mrerfgﬁé’s?rhe bl ock of
bits to aR{MWSH ?ﬁs&%r@fbrﬁhﬁig%‘ﬂ@wﬂ@&%b@ﬁe&?@ tréﬁm fhe bldiR-sfRid equi prent
al so bIock spreads

he sequence of conpl ex val ued nD | at | S nbols across
Di screte %H?”@OfPP@ﬁWU?W\eém%’&@“Q” eYipRIy BREPF D5 O %@nﬁ%

Mul ti pl exiyng,ofiXg aSmQERNhat%éﬁbﬁHsSon d DIF$SL®Fmrsf/mb6ﬁddésc/ar@mlswt ﬂ@ieﬁtcsméeadl ng
sequence to the sequence of npl ex val ued nodul at i nbol s, toézﬁphl eve a
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t he bl ockszplseadnsequence of conpl ex val ued nodul ation synbols. The user
equi pnent also transmts the block spread sequence of conplex val ued

nodul ati on synbols that has been transformed over the radio channel to the

radi o base st gtdcBRing to another aspect of embodiments herein the object is achieved by a

20 method in a radio base station for receiving uplink control information in time slots in a
subframe over a radio channel from a user equipment. The radio channel is arranged to
carry uplink control information and the uplink control information is comprised 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.



8 Accordi ng to anot her aspect of enbodi nents herein the object is
achi eved by a user equipnent for transmtting uplink control information in
time slots in a subfrane over a radio channel to a radio base station. The
radi o channel is arranged to carry uplignk control information, and the
uplink control information is conprised in a block of bits. 5The user
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denodul ated and transfornmed, 35 to the bl ock of bits.
symbol and thereby i increases interference suppression.

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



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
intine slots in a subfrane over a radio channel from a user equi pnent. The
radi o channel is arranged to carry uplimk 5 control information, and the
uplink control information is conprised in a block of bits. The radi o base
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transformng circuit 10 configured to transform per TS- OFDM s ol, the
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t r ansf Bt rideltivlexing plussroisienables it bloslspRigadingHe- the sameaignal PhEEPI%r ence i s
reduced SidaGEndes spRbE a¥rofs aMBFTEASIDINIsHMBbI8 WiBinldhe dMtee kusihaashdBguence

of conpl ex val ued nodul ation _synbol s per DFTS- G:Igyl_sgrzbol and t her eby
i ncr easedransiaampiigrerss SRS FHRFBYEYBIPO! IKdeetnNs e el MPHRP S pect  of

enbodi ments herein the object is achieved by a 25 nmethod in a termnal for
transmtting uplink control information in a slot in a subfrane over a
channel to a base station in a wireless comruni cation system The uplink

control information is caonpri sedAé/p code word. The term nal maps the code
word t & REFRFSRETIBYIY. THRER Wﬁ%l bl ock spreads the modul ation

synbol s across_DFTS- OFDM s ol,s by repeati the nodul ation, s ols for
each DFTS- OFDNFERRAYBENtE el M@Fﬁ@c%e‘j 5P @P@c%g%ld?é%lﬂ?oﬁéoiéeqﬂb%oééggf wei ght
fact ors taratvingsriepbahed nodul ati on synbols to achi eve a respective wei ghted

copy of thg {odul ati Q%I&X%PaﬁnB@ﬁicfﬂ@q@s&ﬁ&%i%DMq@wa@thme ghe terminal then

transforns, for each DFTS- OFDM synbol, the respective weighted c of the
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35 synbol sT The termnal then transmts, on or within eﬁch DFTS- OFDM
synbol , tfFig- 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,



10 respective weighted copy of the nodul ati on synbols that has been
transforned to the base station. In sone enbodi nents herein, a transm ssion
format is provided wherein a code 5 word or block of bits corresponding to
uplink control information fromall copfigured or activated conponent
carriers of a single user is mapped to nodul ati on synbols such as a

sequence gf (GOMDI exs ¥RljiRdigRAHELILRR SHBBGIsSn andeblpimernr ead over
DFTS- CFDMéynbo S USSI ng a Is',aprea e|§ll%1|g{?]§eq%ences nTheesyrrbol sequence within

one DFTS-REFDM synbds aiblock Hisaram derieingriRioasss if AAS8MFIUWREE W t hi n t he one
DFTS' OFDI y1r£§bol 1{’ Mblck'dn%;% B&piQfngUSSbeedsSn BNABI &fliphdry, bl ock spreadi ng,

i.e. the s ne sigha sequence is spread across all DFTS- OFDM
symbol s iig.H0n one l%ﬁ@@h%ﬂa@d'@fvﬁhﬁfbo%ﬁﬁﬁroﬁﬁ?é Ip 234§8F RAURIN$BNn per DFTS- OFDM

synbol 4 qgyios  he d Bfick BRblarh BLGENBIRIGR oqlifnBR E DESCR PTI OV OF THE

DRAW N now be described in nore detail in
rel ati on Ri@ 22he end$ @§efdemﬁtmowg%art pirp Iress: in ajradig besestrtion. 8§¢ am depi cti ng

resour Ce%é]r%a f reqé'g%%ktdb??angﬁéﬂctldgsa @AdR 1K stitiggr am depi cting a LTE

ti me-domain structure of a radio franme, Is a block diagram depicting

synbol s distributed over a downlink subframe, is a block diagram depicting
Uplink L1/L2 control signalling transm ssion on PUCCH is a table defining
conbi nations of HARQ information, is a block diagramof PUCCH format 1 with

nor mal (1 Pmm@—rm,@flx is a block diagramof PUCCH format 2 with
nor mal ength of cyclic prefix, is a block diagramdepicting carrier

aggregation, igqgdPhioGssdiAdham iR dovtn iR Getitik, BidY reryred so £94

carrier aggregation, 1s a block diagramdepicting a radi o conmuni cati ons
net wor k, WiEclessHiopwRINiaigR amt%p@q,cpid?r@ 'g aﬁ?é@@ggeﬁsr{e%hf\%%w SEELRD , is a

bl ockdi SR AR RRLR (1119, ﬁ@%@%ﬁ%d'ﬂd@éﬁ%%mﬁ%ﬂﬁé@ﬁb Prd)1§ct43@PP¥k di agram
dep| cti ng{N I’OCGSS I N a user 1S a fggﬂm dep| cti ng a
|

process |Widg @%@@O%DIVW?@HWU”'W’@ C%SdWWébr%ﬂ?adéﬁtE?‘l Pilsr ocess in a
user e RARALnicdtiSnSERhAKd DaBDiatdMof BRIV EldIGtich (BSMEDSE) WarldiEgs equi pnent ,

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.



11 Fig. 17is a block diagram depicting a process in a user equipnment, Fig.
18i s a bl ock di agram depicting a process in a user equipnment, Fig. 19is a
bl ock di agram depicting a process in a user equipnent, Fig. 20is a
schematic flowhart of a process in a gger equipnment, 5 Fig. 2lis a bl ock
di agram depi cting a user equipnment, Fig. 22is a schematic flowchart of a
process in a radio base station, and Fig. 23is a block diagram depicting a
radi o base station. 10 DETAI LED DESCRI PTI ON Fig. 10 discloses a
schemati c radi Bhecradiohsise station 13 &enwpiks CC&F@H”W@T‘@WWH%@‘@ Y§ef el ess
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dvanced, 3rd Generation Part nershi p Project
(3GPP) W Hebeswd eQadmen 1A §ipotp dasoee flecconteldriormationiany datg ieresiOdhs f or

Mobi | e 45, ﬁBrBHéQ'S%th?%.ﬁahgmﬁ%nws@gﬁa@ﬁ@wﬁ%e%ﬁIowaé@mva@%lv! EDGE) ,

Vor | dwi de’ nteroperability crowave Access (WMax), or Utra Mbile
Br oadbandsucotssyyl in which caseamickewipdpemepdA&iK) isdransplittade at Ratisgeressful, in The

radi o congayoh ¢ald AN AN LN 19RSK NAREE LSRHBEENT 10 al so refer ed

to as a termn a radi o base stati'on 12. The radi o base station 12
serves the 20 user equipnent 10 in a cell 14 by providing radi o coverage

over a 9e0ar APk &k PloainboblFe 8 HbRINAS B! RLIAN A iarld 388 B ket alat a i n

a downlink (DL) tranSm ssion e user equi pnent t he user
equi pnehtblack ¢fdits camesrionding ép tﬂ\&tL@“nthﬁWOU'ﬁfOF’ﬁRt'C(VUE)Sloﬁsr aﬁ§m|e§'9ts@w %30 the

radi o basg,statd QRr 1 2nantfaf i Yla hEBRTHSE 9 thdTYiodakbb Sia@Bh Y. TR block of
bits may comprise ACK and/or NACK, jointly encoded. The channel may be a Physical
Uplink Control Channel (PUCCH), which is a radio channel arranged to carry uplink
control information. The block of bits may also be referred to as number of bits, code

15 word, encoded bits, information bits, an ACK/NACK sequence or similar.

The user equipment 10 maps the block of bits to modulation symbols, i e to a
sequence of complex valued modulation symbols. This mapping may be a QPSK
mapping wherein the resulting QPSK modulation symbol is complex-valued, where one of

20 the two bits in each QPSK modulation symbol represents the real part, also referred to as
an | channel, of the modulation symbol and the other bit the imaginary part, also referred
to as a Q channel, of the modulation symbol. The modulation 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



generated by the use of an Inverse Fast Fourier Transform (|l FFT) process at
the user 25 equipnent 10 and then denodul ated at the radi o base station 12
by the use of a Fast Fourier Transform (FFT) process. It should here be
noted that the radio base station 12 magy also be referred to as e.g. a
NodeB, an evol ved Node B (eNB, eNode B), a base station, a base transceiver

station, t@“ég%@SFIﬁQA'}&mBEQGS@IF@MNHway%%‘éeﬁ%@hbﬂrﬁbl IORON With @IDFNYagedher
network unit capable”30 of communicating with a user equipment within the

cel | ser\peercagingt he radl 0 base station 12, depending e.g. on the radio
access technol ogy and term nol ogy used. The user equi pment 10 nay be
represented by a termnal e.g. a wrel ess conmuni cation use equi pnent, a

mobi | e cel | ul dccpiiigdo ebpaimeniraneren ging apereuirmen i 0 (hepdansioris Pe| ess
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base st at@'ﬁ?i\/lﬁzmb@'a'wg?ﬁ ﬂ‘@tf&(dmtrd@Pe”qﬁQﬂ?TQ{: ek al%avmtgei ”Wrﬁxtﬁ'i‘%%élr‘)t equi pent
data is tfARSHhid ShcifehniR By e«MH 6Mthé BREKEGEaPbERIEhcS Brcofiek afuddr ansi tt ed.

The user equi pment 10 tries to decode the control information and data and

reports trooduiaiop symbiple Whighecogeapansia ta or iagilerptashiriaik Lo RO SYPRAA i ng
whet her deeoflingy Qép(?qgtE@ b‘QBa?JpEIMQQ% Aiakx th thigbédhherk 36 §ar@6f the krenksdgenent

(ACK) is transmt successful, in which case

Non- Aclmcﬁme@r@;@rﬁé ﬁpmpm@muemuiagon PYATNS- tTpéd”at%@éY 8¢ ﬁ@ef‘ﬁraéﬂ‘%ﬁ(l nent s

herein thg r.séwé PG Hath? farse@wpm@tmaﬁn&mm.g c;ﬂ:héé)ly&h@t@li of bits
correspon |ng o the uplink control infornation %g%rgs?sl ots, in

a subf r ahessie theparem 9EFYClic skift yariesawith BRI Ier OFPM %YHE’OP'QQ‘?)E)"" At ati on
12. The t?vllc@&bBWraPﬁBﬁ'mf@%e%HRré PR AU SHS/ d%oWwalb@di rokdMiaBsrc§ehesbls The

channel ma si cal l'i nk Control Chann a radio
channel athlﬁa\f?ge@et'@e%%ﬁ“rlvteﬁﬁeﬂﬁﬁ('sdéwqeéi Aplet 69%1%%%@%@%@? bits may
al so bg; r&fRblsere @cRSIoNEERESciAREd Rith PulthRIBatrices, one for each DFTS-OFDM

symbol. The slot index indicates the time slot within which the matrix or matrices is to be

applied. The DFTS-OFDM symbol index indicates the DFTS-OFDM symbol, and thereby

the segment or part of the block spread sequence of complex valued modulation symbols,

to which the matrix is to be applied.

20
The user equipment 10 then transmits the block spread sequence of complex
valued modulation symbols that has been transformed. For example, the user equipment
10 may further OFDM modulate and transmit each transformed or precoded segment or
part of the block spread sequence within the time duration of one DFTS-OFDM symbol, i
25 e the DFTS-OFDM symbol that corresponds to the respective segment or part of the block
spread sequence of complex valued modulation symbols. The process may be referred to
as transformed/precoded OFDM-modulation.
In a variation of this embodiment the sequence of complex valued modulation
symbols may be split into multiple parts and each part of the sequence of complex 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



15 word, encoded bits, information bits, an ACK/ NACK sequence or simlar.
The user equi pnent 10 maps the bl ock of bits to nodul ation synbols, i e to
a sequence of conplex valued nodul ation synbols. This mapping nmay be a QPSK
mappi ng wherein the resulting QPSK nodi4 ati on synbol is conpl ex-val ued,
where one of 20 the two bits in each QPSK nodul ati on synbol represents the

real par tn'etv%r§9 F‘L%@I[I Gfhat R RSV, heSh@RG R emBddirh&fts RBRHIH, &idt @capypie@l and

the other bit the 1 nagi nary part, also referred to as négchannel of the
s

nmodul at | marwq@dargemménbﬁsm;bléﬁﬁh@ﬂ PEdyifisdIby egingBUREHEPIBRIS 1S9 35 conpl ex
val ued n%%l@tA(ggNﬁb r%nngg’%aawfqaé ShultBRISnFINBR carrs. si mi  ar. 25The

user equi pnent 10 then spreads the sequence of conplex val ued
modul ation synbols with a spreadi ng sequenc such as an ortho ong
©dgen

sequence. For Ekadinents bereinsenablesthg figh R@V'OBEEM@QH raRSUSSiNg e

mapped t YERRA a |1
DTS GrORE] SERIR & pr6aiE S RS oéa‘&ﬂ'i&%bol R B %Sﬁ?‘h’é“’%‘g?ﬁ%é. ng

sequence to @W f@éméteajb‘é@éfélW igtorpaiton fiam a @@WW%%"H‘?@%@ SgIRI
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e moau

conpl ex val at1on synbols may thereby be di vided into parts or
segment s QMb)é$ ef Lﬁpllé&éwt@é@ﬁmﬁt'% sz (gl Séﬂneteﬁé’oﬁinlﬁﬁ‘@ Hpp BagcreBtiifEite of

comp! e i @%g e ﬁaﬁﬁdr&ﬁ%gnﬁo&@s@h dsanabéqeatedr to one

DFTS- the set of i.e here is a one
to one coompigromtedreodiatine simbele. Multileyhe At @S%quamﬁgtsawaﬁbﬂ?@ WITS- OFDM

symbol s. t%l FEAQMRSVM% $a §|&@éﬁﬁ>fdnt%fcﬁweea>deﬂm?or@ 3;o§§b1§@cﬁ%oswmé>l s.

SC- FDVA may seen as norna a DFT-base recodi ng According to
enbodi nerﬁlféerﬁ@trsénhenoﬁh@r indasm Adhs prreaais 'w‘etq?éﬂw‘t’ﬁdéﬁéfbéﬁ'ﬂrﬁ‘aﬁi” &i%r ecodes t he

bl ock- s pr&agh REMIERERe Block SpmRLEN vgg gdap le%u%o%yah)@lF%@FDmFTSOFDM
symbol W O % r.@"ﬁe il gﬂgen g H% % %hnbol i ndex and/ or sl ot

i ndex. 15I'rﬂY§1b0§alfﬁ Sifé@ﬁ’élﬁhffame t?}éme qulfearﬁl"‘(ﬁﬂ@t%dp‘f" 8 I ERIE ARG conpl ex

val ued teh Q8 FORTRSh R oW SBq G&HCE SSRARADHTS-OF DS aiblom @thet 0 a
DFTS- OF é d[Q IS trghsagﬁpred lgée}{)cgrate:ay by aBEFglr)ll th @ tr8|x to this

segment cubfsame optimersiothiloe kReaisneal symbolserisael éXm alig, thgn

modul at i %nébefmgb%r przbsdm.mmewn@% g@emé@Frm.hgma&mabn@@ammla@@ a DFT
matrix, for exanple T matrix which is ¢ ically shifted, wherein the

amount ole&Wthedmﬁﬁlﬂ@t'Wfloég QﬁiTtShofq%M Pl CRONISA TS A EVERHTBE si ot

| ndex. , Byint AR Qi Hx@dﬁﬂ@@Dh*rSQKF@Mrn%@lafﬁ&qym@me@fn & psaldexanvdinu@dy,
nodul atl on synbol s t he inter-cell |nterferené:|e S reduced A sl ot

conpri sese. géxygqeamu@pq@o@gj%/m elements. The transformation or precoding may be a
modified DFTs-OFDM modulation, where the DFT operation is combined with a cyclic

shift operation or a scrambling operation.
Embodiments herein provide a format, referred to as PUCCH format 3, which
25 provides flexibility in that some solutions may be adapted to the required increasing
payload of uplink control information. It also introduces means to improve inter-cell
interference suppression. These means are either or in combination, scrambling with a
scrambling code, selection of the matrix, or cyclic shifting of matrix elements with a cyclic
shift pattern. The selection of the scrambling code and/or cyclic shift pattern may depend
30 on cell ID and/or DFTS-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.



15 synbols, i.e. each slot is associated wth nultiple matrices, one for
each DFTS- OFDM synbol. The sl ot index indicates the tinme slot within which
the matrix or matrices is to be applied. The DFTS- OF-DM synbol i ndex

i ndi cates the DFTS- OFDM synbol, and theseby the segnent or part of the

bl ock spread sequence of conpl ex val ued nodul ati on synbols, to which the
matrix is to be applied. 20 The user equipnent 10 then transmts the
bl ock spread sequence of conplex val ued nodul ati on synbol s that has been
transforned. For exanple, the user equipnment 10 may further OFDM nodul ate

and transmit elﬁl{jhﬂttf)@é}ﬁér%lﬂ?ﬂgoﬁ MRGO8SlcHBENMBAt FthdPgrbteszfin bhgebl ock
spread sequence " wthin the tinme duration of one DFTS- G:% nbol i 25 e
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provi ded, accor to enbodi nents herein, that is ca able of c rrying a
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5Enbodi ments herein enable the high payl oad PUCCH transm ssi onsﬁ{eqw red

for such @dgljmaﬁqhﬁfﬂg uggd ma(zi\biedi"??éj Ccades, @@'RVO%'Pééadﬁ:‘F@ ERORIT SHTEMYSI on
for mat {5 AR HhBsuIE 911 Ria§ pB%WEIs@'cbmﬁ% MGterleBiHTaRStbAAItS aredngRld the

conponent carriers of a Single user equi pment are joi ntlg/ encoded in a code
wor d.  Thi lodloeleitguep ¢hat eBPISEBPORINY & HOrHEIBINYE KishPuisdin f?p'f‘?rﬁﬁsecontrol
|nformat|,{plg pefB¥ndrideSOMe embodi ments then be scrambled to 10 mtigate

inter-cell interference and mapped onto synbols such_ as thf‘h Sr@ nce of
conpl ex val uedlnrﬁa@ﬁnt%far@ﬁmwrﬂﬂﬂ@w W|'fﬂtﬁf§?r§9?%@e‘b§wﬁf@ﬁc@dﬂ ] ?ﬁé i's

enabl ed wiida bhagke Egﬁl%@dh A% crambin F‘rﬁ@ul@ﬁ‘é@ﬂtﬁig%‘@'sciaﬂﬁlé&fﬁq@énéeh&e code
wor d, possi bl gl sCra a dls?ferent seguence, form o
e

symbol 20 | sorambled digsiiel @tShiae B@éﬁ‘bi?ﬁﬁﬁéﬂeﬁcs *%yﬁﬂma@%g o og sy b8[:l‘k
spr eadi NQygih$ QPBKESL@MpIEREALPRbIFMAPHINGI hodiiid $12kdMiting 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.

35



15 synbols of a slot or subframe but the synbols are weighted with a
different scalar or weight factor froma spreadi ng sequence for each

DFTS- OFDM synbol within the subframe or tine slot. The sequence of synbols
of each DFTS- OFDM synbol is then transfgrnmed or precoded with the matrix, e
g a nodified precoding matrix, and transmtted within the time duration of
one DFTS- OFDMgy pbal, t NERaBY 812 Hidbkidehs @Rotahe matri x
of the nodifi %}/ lc@%@}@%ﬂ@i{pﬂd@@ééﬁl@é |¢f §| n a pseudo random way,
e.g. by m@qnmcatqfompbxr\rawd modllghernsnbofh &. T*ﬁ%lh‘@?‘b?ﬁfﬁ@q #ushcerfecodi ng may
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Fig. 12 depicts one enbo i ment rocess. in a user ment 10 for

bl ock s praseipmegts, 9e Mo sRacHiEalys a@@ﬁ%P@WkJ@Pﬁ@ES‘HﬁﬂmaQ?|bé$ﬁﬁ gf¥. 5 Fig.
11 shoys hewnhACK/ NACK sequence a, which is an exanple of a block of bits
corresponding to uplink control information, is transmtted within one
DFTS- OFDM synmbol . The sequence a represents ACK/ NACKs from all aggregated

conmponent car i &cdid Ad 68 0Addr¥BbY that fo FragiisHcy wappihy fssapied, esgbaveesent  a
| ogi cal AND connection of individual ACK/ NACK bits. Thi §?F§ L{.%nceng)terray not

only repraslige spckpNAmedy totﬂﬁUbﬁﬁ@@th”i' PRIBIS elD a¢GoRdiagly @ tes

may be engolstbRSDMESIOFDM Symbdls BEUIS BB Whbd Be a3 SdsgOMEJL2 [bassmr@m recei ved
for certain component carriers. In a first step the sequence a may
be enc¥ieyMbrlsdRsRVedior &ipreaes $ighaleodi ng nodul e 111 to make it nore robust

agai nst transni g&dRRcEhéify is BRalfEd ke Si8dVeasiRIineD seREbMGas @B%ﬁﬁhdﬂi&ed may be
bl ock codes, convol uti on codes, etc. The error correction 15 nodul e

111 may Res8isiotypossibl WibrAiferert ssrmipe FPeenA SPRRAINISEaHEISS 'P?@ﬁﬁg%eg t he

bl ock of Rk k§msPaliBad welikiWeXraMBMitReGH bothBlots. muémauwnf Qﬂiemscyardblstirl but ed
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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,



code ¢ may be applied in a scranbling nodule resulting in a scranbl ed

sequence, i e 20 scranbled block of bits. The scranbl ed sequence is then
mapped to nodul ati on synbols, using QPSK for exanple, in a synbol napping
nodul e 112 resulting in a sequence of fonplex val ued nodul ati on synbols x
and nodul ated and transmtted with a DFTSCFDNInDduIator 113 resulting in

the sequen etach 8§pyscyrq$)s% te o?'ihetr%@\ﬁéq lss'yﬁw%o AN eRRRUCEs 4l 714, AsQ! t al

si gnal , I'nto a ue converter, "25 nodul at ed
to radio rfaFeﬂGé'W&é/a walgat faf;ioeﬁomfa%breéﬁnﬁg satfuence Itashdultd lemotadahsirthé t ed.
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i nst ance K-1)X. The

transmi ssindrihérsrepbatdhel oedulatigrasahsis/an ’(Ogepﬁtatmﬁ(tﬁ@‘é‘(ﬂf@éﬁl@ ther)map

OFDM p Thus, pre-coding and
transmﬁgm gﬁ?%l%@@%%( Cgtgﬁsém?g&thﬁﬁ[{ofngs&g%%l ght ed copy or instance of the
nmodul at i on syribehglta(nlayl\ée esurpthe signelees Has of Pémisansmiéesl indhe &cRFDETS- OFDM

nbol ,
whi'ch t neSHRMEaPP agbare LeabeplE RE R BRI R ncer . o

an ort hoggnal M&eAMeaK & F|Br1Q\é'c€L%ﬁy BERAMBSbRMbA m/ﬂh ld&ﬁfer@rﬂlsbr@ﬁ’&jﬁhg or nore
specifically, among upli ransm ssi ons made nt user

equi pmentsgguence. Otheryisg I'T_dﬂﬂ H'Séf"éba“ﬁelndﬁ'aé??§€f E’F@Hg?tﬁﬁtscram%ﬁﬁg F‘?Oéﬁﬂcé%wy

hoppi ngy i &pRRPIH é?ﬁiﬂmhh@tkﬁz%“% QlsblonmErr s oFpM §msbopplsubirama/radibfiaane, Wi th
paranmeters accordin adapted. The nunber of avail abl e e'FI)'enéJ:n Celﬁ}snbol S

could in rtwint@ro%f?geﬂgléﬁgmnd agpegiilv fabthesparstipgsequence may

and/or DFTS-OFDM/slot/subframe/radio frame number, 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



20 synbol s reserved for reference signals. | f frequency hopping is
enabl ed, the above-outlined solution may be applied to each slot, possibly
with different scranmbling codes and spreadi ng sequences. In this case the
sane payl oad would be transmtted in bggh slots. Alternatively, the
scranbl ed sequence or the nmodul ation symbols, i e the sequence of conplex

val ued mogytaty %ogéewMQhr%y'b% iftirda 8 dvibrt @dbwitPaks alianfbra Ibigest part is
transmitted in a first slot and a second part in a second slot. In

pri nci pl escearelling igedeF desultivg ibhiggerscesRliageéinspl it and the first part coul d
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 transmitted in each slot is smaller, e g half of the size

before 4 he spljfiwdrfgHid !orlger\tﬂnrtﬁéi‘ﬂ%eﬁ’ro S¥tdnghemi Iéllov@eﬂmultl Iexmg Iof gserd 2 shows
an enbodi nent wherein the S|%na or Iock of bits is ﬁ read. The

processi mgthediieranioergressbisch allocaliansy Inddgr BN %"H%%Isrpéo T3 n the

si npl est (a5 lifReste AR n%ﬁ @k PrhBliRE kséfeqiphfent 116 rdYuReka s @ad i e.
r epeat ed seve? ﬁﬁelnes B 2 napﬁe ?oﬁ%)ﬁﬁﬁhloﬁﬂg rrbfl)l@Ih sequence

of conpl e‘s@l@/m%pavmma@ﬁmﬁurs%meéoreM@zre&ﬁum@m?k% tf@rremﬁgv%%vg of the

modul ati Qs ¥aGhents & VSR iR Yna r%#&rbldﬂk@ach%hé%éséfa% Fedubfcyas a
wei ght factor froma spreadi ng sequence. It should be noted th t t he

mappi nyP nRiyisien Mititedng & DMeniiiRiereds pineatieriiser pauinmentages kKD RSN
symbol s t, P@ usé&t éﬁ@fﬂin@mtssr%gy‘f‘?enu‘é@ tﬁ%nﬁ@é}ﬂé&bnﬁ% sedueBee, WLKdf,colirse tﬁ’eyﬂmay K-1. K

ort hogonal spreading 5 sequences nay be constructed, and t‘gu‘%ﬁ users
th

may be malsq @see&@%renmdmw@géeweérm@g@ﬁ%mp@ébﬁ;%?f%@”%fa@Ou

bl ock spr Fb&@prﬁénttﬁ@)ean%é{h'\%;%b %oﬁ%@%oﬁs ubeStht RpresamyeBee [ 0fl canpl ox
val ued no ation s his is showmn in Fig.12 where e ch b@FTéabeled

Modl - I\/bdl‘(eéldmﬂ'insﬂé@ tsn@aﬁﬁeﬁw%eqmfzcmré%@é\dﬁddm@'?t@”ﬁy@bf OVEBGHI Va1 ent

i mpl e@t@ﬁbﬁlr@n%b’s%naﬂﬁla'scﬁﬁ11Qﬂ e el Meﬁ@@h@hts&ke@bhﬁﬁm@%dél ons
anywhere after nmbol mappi ng nodul e 112 as |II#ﬁtrated |§

where a v{éﬂghﬂ]rﬁadfﬂr&r'n gk SPRRRR BPAYencah Bl GosP oVl irdiBedyiRHon P YBg s & e after

the DFTS SEEVORRANLAREYIs ddnbtf ad 1911 ﬁﬁﬂé?@%b&&ldﬂk@ﬁ@@ﬁprﬁ&ﬁldﬁ& aba350B8S- OFDM
synbols 0...K-1. Further, it is equivalent to map first the block of bits

to nodul 20 @ihighsEbeaUiPraey: compl ex val ued nodul ation synbol s and then
repeat the nodul ation synbols and to repeat the block of bits and then map

20
Fig. 14 is a block diagram according to an embodiment depicting a processing

chain for transmission of uplink control information for one DFTS-OFDM symbol such as a
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



15 each repeated block of bits to nodul ation synbols. In an alternative
setup the signal or block of bits transmtted in the K DFTS- OFDM synbol s
is not a copy, if ignoring the scaling of the synbols by W k], but each
bl ock Mbdl-MdK in Fig.12 actually perfeorms scranmbling with a different
scranbling sequence. Otherwise Fig.11 is still valid. In this case

respecti Voﬁ‘oc‘k“sg:?éé‘a'éeagerﬁ%W%aﬁslemalug@n@%@ﬂ& byt thhculdied e cel | 1D
al so on DFTS-

ot/ subframel radio f
especi al |tiansmitediyer t§@Pfﬁ%l‘gﬁ@Eﬂgsgq{?gﬂgré&%g%égﬂgcﬁf@ambcﬁcra 87‘|opg’ and

DFTS- OFDY] sl ekt 38! BAAATRILIBRKRG fof BifBreAlIRGS, thOERYI &ﬂ%cmtér%bdémbleék sfel |
i nterference random zati on ang mti on than state-of-the- h%’?: S- OFDM

PUCCH t r dvits id todiedransmiteayansqvgral PE&S&%WlSéE“bSHéOF ré?'@r?@éeé - al so
denot ed; reference signal, per slot, K could be six, assum ng nornmal cyclic
prefix, in LTE. Alternatively, if no frequency hopping is used K could be
12 assum ng one reference signal per slot. The exact design of reference

Feqour ce bl ool 4 DB B e ot cogled b

ul at or e _nu r t
and t hus rmarpedeuto eng BFESOFEM payhd byt ate sevaraiyt - QFDW‘%Q@%fFé%ﬁggncel o?
blrock of dphts oRex }$Ieb:?’ne9é’8ts&%Hb?éﬁ blEékrof%ﬁéirs'Wé ﬁ!ans|nf;ttém\aeramﬁoﬁgis&)ﬁm\source
bl ock is al ocate requency donain bits are avai lgabl e

DFTS- CRDMIy8aisopr oves ertingyd@piiK %WB&F@F S- CPFD'Mrﬁy@bP@ Idbis SfpmPEE; &4 bl t he
nunber of Ion#@cr%h@@%E&Gkﬁc@%@lﬂl’b@l@o@dl@@% ERBeDE 2ROKERAOPSK dyateiscarded bits
al so all ow | onger scra code c resultin nblin
gai n. 5| ttransmittectiniwd DETﬁ@WﬁY’B%"ﬁ AU Oﬁﬁdﬁ%‘g‘(‘f @Eﬂ‘eﬁ%‘@c’%} [N cﬂﬁg °
mul ti pl exiag fETSUSEHR symbol carrying 12 symbols. The block of bits a may be processed in
an error correction coding module 151, which may correspond to the error correction
15 coding module 111 in Fig. 11. In order to randomize neighbor cell interference, cell
specific scrambling with a code ¢ in a bit scrambling module 152 may be applied
resulting in a scrambled sequence s, i e a scrambled block of bits. The scrambled
sequence s is spread over or divided on two different DFTS-OFDM symbols. The first half
of sis then mapped to symbols, using QPSK, for example, in a first symbol mapping
20 module 153 and modulated and transmitted with a first modified DFTS-OFDM modulator.
The first modified DFTS-OFDM modulator comprises a first precoding matrix G 154 and
may also comprise a first IFFT module 155 and a first cyclic prefix generator 156.
The second half of s is then mapped to symbols, e g to complex valued
modulation symbols, using QPSK, for example, in a second symbol mapping module
25 153’ and modulated and transmitted with a second modified DFTS-OFDM modulator. The
second modified DFTS-OFDM modulator comprises a second precoding matrix G 154’
and may also comprise a second IFFT module 155’ and a second cyclic prefix
generator 156’.
Thus, the first half the block of bits is transmitted over the first DFTS-OFDM
30 symbol and the second half the block of bits is transmitted over the second DFTS-OFDM
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.

35



with different resource block allocations. In Fig. 13 an exanple is
provided where three user equipnents are multiplexed. The first user

equi pnent 10 requires a higher ACK/ NACK payl oad and occupi es therefore two
resource bl ocks. For the remaining twoggser equipnents it is sufficient

wi th one resource bl ock each and these are Frequency 10 Divi sion
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bl ock sprE&AFHNEC %W@ga!enbé1églaﬁcé%% C(O%? &srﬁg\?\n@éﬁgﬁeéﬁég}o@&ﬁﬁgmnt 10

t ransf or nm?ché)m? o Figr elc ddesbepef mPFTISs MebAMgditalin FigHé dsrfouks spr ead

sequen of ¢ ex v i i : - Lat or

173w £ SRR AR SRR RS hde g P M N o

E:Ot mdeagoplided\tdme rédpkeatbiertidadpeseaimpddilationsymholsi e e raspecivertiegkonds to a
screte Fourjer Transfarmati 1) onerat | 4 mMmW«th a cyclic

shift opesrpé?z?do%eqfﬁﬁceo?sf ¢ @n%xal(r%njggﬁo%ﬂsa%Bﬁﬁg%h@gP Ilteer(]qtn% ggn)gm% g ib may Zu SO

conpri se Mbek/PFFT nodul e 115 and the cyclic prefix generator 116. Thus, the

20
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



19 bl ock spread sequence of conpl ex val ued nodul ati on synbols i s nodul at ed
and transmtted over the DFTS- OFDM synbol or w thin one DFTS- OFDM synbol
duration. However, to enable multiplexing of different users, the error
correction encoded bl ock of bits is to2be transmtted over several

DFTS- OFDM synbol s to the radi o base station 12. 5 A variation of the

above enbodi fRbe ESmM¥MAREHS ihBensA @mueﬁh&e%%yée Spmekt 1m)&ﬁ@feﬁl Wrsone
DFTS- OF-DM syrﬂn%glebut%gﬁto several DFTS- ed|1sp Fig o ;

h
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exanpl e a Dé:gf_§scra sequence or block of bits s is 1695’8 ed to
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resour cg é?éd)Ed?n&|sle%QIQFF?ﬂ:&iiﬁe 6 bin OF Syl fFig yahelat&ar ey TRGs, 4% syerbol s.

The bl ock of bits a may be processed in an error correction codi nodul e
151, whi c&prmm@wat@@mmow ¢ e black sprezg seaikancsref iwe'sawﬂaemav'gt'%ml in
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scranblin a code cin a bit scranbling nodul e 152 na¥ be applied
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scranbl eq, %ﬁﬂ?{%@c‘tﬁ/e %v%ra?@f %C’OPMﬁlrsyﬁfon'tUHféefgdi%rbafsé\/@taﬂbﬁfl,@rent DFTS' OFDM
synbol s. I rst s is then mapped to s%lsnbol S, usi nga for

exampl 8 i n a Fherssraralling opeiptiphMmay iPePhe auPedinsg ARathamatinaly ?ﬁﬂ'bed
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DFTS- OF ator conprisSes a first precoding matrix 154 and may al so
conpri se derhérits of hEfsEramiding eodsdd , ahdredn Tiis 8te scc;arhblmgpeetﬁeme@ersemaolor 156.
The second half of s is then mapped to synbols to conmpl ex val ued
modul at i daveﬂy"l’ﬂnacﬂwseqmnh@FQ@SKratI@rmmambar@pts@bed rbYdDF%' oy 1Byaieg thisappi ng

nodul e 25 f

oere: oronaai B SoBA BERAN ) P RAL HhER Ml o Ao ERRE BRI o &
second153rmadenggﬁaﬂ hesci@mbbAgy aamBFﬁpre:aaltlelmmarivprneg‘errae%ledhm@atrlxﬁ odul e
155" and a second cyclic prefix generator 156'. Thus, the first half the
bl ock of Bistc@se Wh‘%ﬁfs%?ﬁﬁ%m '6\983 orped PriPE Grthepsrar P28 mhol  and t he
second half the block of bits is transmtted over the second DFTS- OF-DM
synbol . However, to enable nmultiplexing of different users, the error
correction encoded scranbled block of bits s is to be transnmtted over
several DFTS- GhPh.sigrebeibsk diggraheoffeatboginiageheartiatis oivcldged. The user

20 equipment 10 may alternatively comprise an error correction coding module 181,
wherein the sequence or block of bits a may be encoded to make it more robust against
transmission errors. The error correction coding module 181 may correspond to the error
correction coding module 111 in Fig. 11. In order to randomize neighbor cell interference
cell specific scrambling with code ¢ may be applied to the possibly error correction

25 encoded block of bits in a bit scrambling module 182. The scrambled block of bits s is
then mapped onto a sequence of complex valued modulation symbols in a symbol
mapping 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



20 An enbodi nent of an accordingly nodified bl ock spreadi ng process
is depicted in Fig. 16. In this exanple block spreading in case that the
scranbl ed bl ock of bits s is transnmtted over two DFTS- OFDM synbol s is
shown. Each bl ock "Md" conprises the zzrangenent shown in Fig. 15,
excluding error correction coding functionality. This 5 variation enables

hi gher paylpadsd 8iBsk SUiBL ks Ganidmite PR 86vdral DHTES-DEDRI dyniidlctases of Fig.
11. However, the price to be paid is reduced multiplexing capacity. If we
assume K BRivSasEsRtiayh®ol s are available for transmission, and use L of
them for one instance of the scranbled block of bits, the Iength of the
spreadi ng code or spreadi ng sequence - and thus the nultiplexjing c aC|ty -
reduces to KI LTheimattiniG1Exiaths BFTRORRY masulaierdds trvcapavith ¢eli 1996 ificed by
a fact oy GhrSoppiPafith ik AR yERTEmMMIEHo HARSEIER bedaRbf thellordhiingS 1S
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anot her enbodi ment, in which the order of the S‘ﬁ a%nbl i n ttl on and the
synbol rml'ﬁfﬁf'ﬁﬁ‘qnsatH@r’?é?‘ﬁ%dh%F@"@H%ﬁr{@%‘dr%Pﬂl § gy 'tﬁﬁgl X$%re the

scranbling is o doRVRIctdcAE MBTixt GRTLrBdgBRAI sIre¥ ] thiswaiseh means
that the syrrboﬁgwg?oeg?%%n/leimégr ororred Cbef orentxhe syrrbgl scsr anbl i Insg The

scranbl i rig mad@ i€justrthe lkepidiad transpdse of lalrix2€ . DepeRding:pn ”@saP@HPqDPWSJWDM
synbol i ndex t/s bfr r 10 may
her ei n coer% { %‘ﬁu rpoo?'ﬁe{)tﬁafnghﬁtegn d i O%%?Tﬁﬁ]%mﬁgrel n e sequence
or bl otk roétnblot seak toayelage enweniatio, troawm@‘ mtera%ﬁ@tm%%ﬁwﬂh%lgfahbiﬁ@tlon of

to the erpo S FbRaR el o Roaleanh R PR BRI Bh G BRI R, ZREend
t hen mapped ordme sotiuhatix aould®esyDBED hstrik, which rmumwmnmn‘ areayplcelky val ued
2 ORI E B AR P TR PR b P BT B ggom 2
appl i ed tahdtdme)rsy’mb@lperatmn eessiterioad cystic ahrrtbbfﬂng sn‘ochm@swmappedsmmmlﬁg in a
R B e D o R B S P SRR o
nmodul e cyclic shift pattern may depend on cell ID and/or DFTS OFDM symbol
index/slot/subframe/radio frame number. Cyclic shifting of subcarriers or complex valued
modulation symbols that depends on cell ID as well as, or, DFTS-OFDM symbol
index/slot/subframe/radio frame number randomizes inter-cell interference and mitigates
25 inter-cell interference. This improves inter-cell interference mitigation compared to prior art
DFTS-OFDM PUCCH transmissions. The DFT matrix may in some embodiments be the
product of a DFT matrix and a diagonal scrambling matrix.
A general permutation of rows or columns is also possible; however, cubic metric
increases in 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



21 174 may be conprised in the matrix G 114. Thus, the user equi pnent 10
then transforns e.g. precodes, per DFTS-OFDM synbol, the bl ock-spread
nodul ati on synbols, i e the block spread sequence of conplex val ued

nodul ati on synbols, with the matrix G 444 that depends on a DFTS- OFDM
synbol index and/or slot index. The user equipnent 10 may 5 al so conprise
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matrix G smaot%avrtrwé@@rma@hblacbmw eavOdedstbromniiges @ Pregfigg i ndex.
The user rﬁ%ﬂl@@@rﬂ%spe‘a ta%e%le?’glo‘é%webé%@séqﬁ&ﬁcd@%h@!e&%lu@a%@uwsh| c

prefix generator he bl ock spread nodul ati on i, e the block
spr ead2& eyyiiteisaviy @ é@fﬁﬁ‘ﬁ'é& SYRHAIEY O%H?ﬂ &9 (9Hh%9i9?ﬁb? er fosm%ﬂﬁ’f 4¥%¥d and
transm t t odi oN&its. WinghiPEcer KRRV SHUID Be MCkVMpPéHdmgQQQSEEWthS%m@Od
duration. wever, to enable nultiplexin J
i=0, ..., 4. The block modules Mod0-Mod4 together block sprea the sequence of complex
valued modulation symbols with [0c0, oc1, ..., oc4]. Also, the block spread sequence of
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.



22 scranbl ed block of bits s is to be transmtted over several DFTS- OFDM
synbols to the radi o base station 12. The matrix G 114 in the
DFTS- OFDM nodul ator 113 nay vary with cell 1D and/or 5 DFTS- OFDM synbol

i ndex/ sl ot/ subfrane/radi o frane nunberpdecause of the scranbling code
dependence. The matrix G may be a product of a diagonal matrix and a

OFT matrix. Heue @al?df?élr%%tt BRI POEBRtefh GRAGITBATIYAL I X
G To randomn ze (%/rﬁlﬁceer gﬁ} g%ﬁ%{rl X qyl eﬁend rz)gﬁ ce'ﬁﬂ | D and/ or
pan

DFTS- OFDNdRIMispinbolrsisstios| féwhs%%f&lﬁﬁﬁﬁﬁaa befereheingrasmittetn or der to be
able to decode the transmtted signal of uplink control information at the
receiver the mninmumrequirement on Gis that its jnverse exists.
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the applicatio enveo ctuation of the transmtted signal of
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subsequent operation result inasignal with low cubic netric.
One such mtnle.sietmmmﬂlgered t@smqmtarrw@rtr@mralhswa NGHNeRSFUGFHASCOATIRI E&xcl ically

shi fted, tﬁes% temd%n%d\ovﬁ'é?g& barsQ‘é’tal-loH@%cﬁméN'bQéB B, confi¥uréd Reeesss row (n+l)
nd so on

nod M a is operation result S|nacyC|CS|ft of th

subcar¥d ems/oodeeatsprighatsoiyisatteicrogandinado HirsaIsianpbing 8nsissSevee oFiNgse 14 for
an ill USté’n%(%dﬁn?rBJ nw%&%%ﬂg%:e]_%e &'yrﬁ&‘e%réé@sglhg 'aﬁlcd?t% e()‘(é’&Jtlh%f ﬁ)'f’éJ drog@iht ern may

depend on ce [ or i ndex/ sl ot/ subfranme/radi o frame
number . Gly&tlluctw@rfplfQarwglgcﬁutﬁlﬂmﬁ”inért%cmlqu%ﬁﬁ‘li eignIINAARVSASSETREY on synbol s

t hat depg{é?su b QRo&El Ilehﬁ‘n g2 arekil aBprrec@fe: th%ﬂ&e%@%s%%@bﬁ}bwts may comprise

i ndex/ sl rarre i 0 frarre nunber randoni zes inter-cell jnterference
and i ti guees nRBe Mmisreprogedsprs;, fiaedastretrre. orthg ke mrcyligsriogtas ingigygtions
interf Q;ép@g@d to prior art DFTS- OFDM PUCCH
transmgsgslr{]%%gm%eg@ﬂ}%ﬁn@ I‘IlX in sone enbodi nents be the 'E)r oduct of a
DFT matri x andofecodtsggheas Sb&qddﬁmq gy Witeappreeiate that the invegByfotegMioSnut at i on

rows 0&130@8 k vb%r@hétc?nmgé% p’l’l?syﬁ&ﬂ@kﬁ?tro ap%bl@t@se%bfnh@alp'ﬂ gie4ses in

thls case techni ques di scl osed herei n_enabl g, | oad

PUCCH t r anesfigweiiamigentical todihas seggRstRdaans. butilt 2REF RIS tha? H@@gefcé‘gﬁ?"l?ﬁues may
al so provi,dend LeileRitd b fe%céﬁh?r%lcfah&m SyRkdHhd Si/braohRr besurkiuess. pay| oad.

These tec %}aques are also helpful in that they introduce neans to inprove
inter-2&l|l interference. These neans are either scranbling with a
scranbl i ng code, selection of a matrix G and/or cyclic shifting of matrix
elements 35 with a cyclic shift pattern. The selectjion of th ?cranbling
code ¢ or cyclthe reinpe siggﬂrbt,hﬁ user equipment 10 for transmitting uplink contro

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.



23 may depend on cell 1D and/or DFTS- OFDM synbol /sl ot/ subfrane/radi o frane
nunber in a pseudo random fashion to random ze inter-cell interference.
Furt hernore, enbodi ments herein allow varying the structure of PUCCH format
to trade payl oad and/or coding gain anggor inter-cell interference
suppressi on agai nst multiplexing capacity. 5 Fig. 19 is a schematic
bl ock di agram depi cting an enbodi nrent of a transm ssion process in the user

equi prent 10. A bl ock of bits corresponding to uplink contéé) L mat i on
is to be transHepi28a TieaiseneqdpmeniciVanaen segiegibadipenis Bsdericqied ©12. For
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of configured cells and transm ssi on node, Conmponent Carrier 1 (CCl),
CC3: M MOf complexiyglugs modutpiien Byraleqs. Jﬁﬂewfaéntﬂ'ﬁgpf%e%?'ﬁd? redyFe 888K encoded

ina Fo V}%qe,lg%é)g %ﬁ%&%@%\e@@péﬁ%@r shim@el e 191. Furthernore, the error

correction encode Ck of bits may then be scranbled in a bit scrambling
nmodul e 192, which nmay correspond to the bit 15 scranbling nodule 182 in

Fig. 18. The 289U R} ed @bt fehaSORB biceR Bf Bt BRGueicedf@tprrdul es
MbdO- Mbd4. Eac Block nmodul gég%nprlsesaa bit to synbol mapping nodul e

wher ei n tvabuegraedulaionisymgolss nmapped to a sequence of conpl ex val ued
nodul ati on synbols. Furthernore, each bl ock nodul e ModO Mbd4 conpri ses a
bl ock spreadi ng nodul e configured to together block spread t he se uence of

conpl e} val uedStep@Qntatheseredypmpal 19 MpEksPacass t SR g NS BfLRORPE RIS
e.g. ort hﬂ&gﬁéﬂon MBbist d&lljF'T@ BGEDNEE/MRRUPAIRRiY a Y¥rbAdiRg Wnbé Q)Ck

nodul e t he preadi ust a multiplication by oci , 4. The
bl ock modbe egqm@eomapl%gew mogilatign %/mb@!aﬁdt%f@'eyeaﬁ%épmadconm ex

val ued ”%ghéﬁdeocﬁcé%%%élu\éfd%&%gm sffidol9C4i . Also, the block spread

sequence of conplex val ued nodul ati on synbols is transformed per DFTS- OFDM
synbol, i.e. each 25 segnent of the bl ock spread sequence of conpl ex val ued

deul a4 on sy S dntodd PaHREING Dot DIFEFSLORDANRMbAE BeNslscion,
i.e. vgiles wﬁgﬁb%OB ng@ﬂﬁ%&wﬁ@n%ol i ndex aﬁa/or sl ot |Egex Thi s %ay be

per f or medsAgad saasenes el corwiexyyakigr madwptien syMBelg ke APPIYRY AHBAHY BBk spr ead
sequence ﬁggﬁ}@%@ E)SF\’T@ @?gM%Hoﬂ%H&Ua&MMﬁnde&wﬂweﬂﬂédkcﬁplﬁ@dwse%uence

pseudo-ran hift to randonize inter-cell interference. Then each

cycl i cal | §f compistsivetued ns@g'#?é'ﬁﬂ syrgbejp-dp §e¥e¢mhedigrents, MBI eaMPlISEs,
matrix. rﬂ%tr&)égrﬁé?ﬁ‘s lYid Y b8l canesgahds {0 RD T ebaREoS RGBBRE Wits atdhei’ | FFT

t ransf or bl ock spread sequence of conpl ex val ued nodul ati on
synbol 20 t ¥t oprigtivediows ainedrmieef th%mﬂa&%@%&"%d%%? HEaeTS- OFDM synbol s

or Wi thin,phgy rqls'ﬁt@tthg'ﬂqa@rflx i cORP SsmAis ¥iehehss, cordponds to a [efréteence

signals (RS)s are al so transnmtted according to a pattern over a DFTSOFDM

synbol duratieshransiesnatien qperatipfogetian it Arsirrpling caeidipm gf @Fé‘i’?&?ﬁtted

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.



Various enbodi nents herein include nethods of encoding and/or transmtting
5 signalling nessages according to the techni ques described above, in

LI E- Advanced or other w rel ess conmunication systens. O her enbodi nents

i ncl ude user equi pnents or other wrelggs nodes configured to carry out one
or nore of these nethods, including nobile stations configured to encode
and/ or transmipeshgnglo h'mﬂﬁtﬂ@%%y%ﬁﬂﬁ@bﬂgoﬁﬂbuﬁ@@@% i gedNet pies, and

wi rel ess base stations, e.g., e-NodeB' s, configured to receive 10 and/or
decode si\gnants mayhesdarvedd according to these signalling nethods. Several

of these enbodi nents nmay conprise one or nore processing CIrCUItS executing
stored programinstructions for carrying out the S|9nall tecrnlques and
si gnal | i ng | dasomesstiogEreTe? 8161100 ih 3deming! ford@nsmitinge Pk oAt appr eci at e

that t hse%ﬁfoﬁp%%ﬁﬁ b%tm & Q&BfFa%émér‘é%ﬁBﬁﬁé&) #PEseOStatiBANif aWileRPr ocessor s,
m crocontro ers or the I|i ke, executi ng p gram i nstruc ions 15 stored in

one or nesAdYURealiop system is provideg. Theriiak CQ’W wiagpalionsgay Re cparEgad IHA| |

appr eci at & 4bhafrd tihR thiMRd hhags the ey \M@% Hoa GBS LS nRY Thakgmitel thehmi ted to
LTE systens or to apparatuses having @ym cal_configuration jdentical to

that suggdetkespregsis\ee mgdelatipn $ynst:;9¢ﬁ@éﬁ>%§t Tha ORI eunbie AnIRGaYIEG be
appl i ed 1.08,qf8h styﬂbSEQMhWﬁSQGF9W§§y%{HéI mgimyﬂgaagrobr%praamgat uses. 20

The nethod steps I'n the user equipnment 10 for transmtti na Ilnk cont rol
i nf or Nt | spaueRce afweight factors i the seRsaiethRod&IoNSYMRAISoVRHENHES? feP§ateHe r adi o
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with reference to flowchart depicted in . The SVEQ ps do not have
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i ndi cat ed [)y the dashed line, error correction encod%et he bl.ock of bit
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bef or e2GraBpPMEYITRe! B1hibRN H1e @P?@te@ socéwo@équ%l%%g B qodRpieEd ngLharRpen
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mapping steps of the block spreadlng 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



Step 203. The user equipnment 10 maps the block of bits to a sequence of
conpl ex val ued nodul ati on synbols. 10Step 204. The user equi pnent 10 bl ock
spreads the sequence of conplex val ued nodul ati on synbol s across DFTS- OFDM
symbol s by applying a spreading sequenge to the sequence of conplex val ued
nodul ati on synbols, to achieve a bl ock spread sequence of conpl ex val ued

modul at i %nﬁbﬂrm@lln%tlo;ﬁ@é stateddovd, hﬁe BISEK oﬂﬂt‘d'nﬁﬁ@ﬁrre%ﬁbﬁdﬁ@@ﬁfr&rmmlper
DFTS- OFDM synbol , the bl ock- spread sequence of | ex val ued nodul ation

synbol s byfoapiopiang Can\ﬁ’ﬁﬁiowt't’ﬁa?Od&éﬁéh'&PéN%%eg‘ 19399 symbol i ndex
and/ or sl ofnhNd&entéhtd he bl ock-spread sequence of conplex val ued nodul ation
synbol s. I n sone enbodi nents, the matrix conprises matrix elenents, and the
matri x corresponds to a DFT operation together with a cyclic 20 shi ft

operation of nEWSMETnftRkikENs BE usBEediMnidnt 16 hRyRBprisé Bn SAiSR calreetiowt | ve
enbodi nents, the matrix, that conprises matrix elenenaﬁbgcorresponds to a

Di scr et e qusing eircait 2Hssasyigier dheBYORErin Asget Merbloght scranbl i ng
operation of the matrix el enents. 25Step 206. The user equipnment 10 rmay in
sonme enbodi nents, as indicated by the dashed |ine, furtherCFDNInDduIate
per DFTS- OFDM RuythBanore: the Usgreaiineisne BQY Semneth a sefambiing clieuitd1de d

nodul at i
be tran s?%r”ﬁ%ﬁp? r?ssacfrr]é}ﬁ&e RsbIBGEST Hits BBRIOMABSIng Iy bisekasTRlte o thBeeg@maence may

rocess and a cyclic prefix my be added in a
cycl|cﬂbﬂéﬁpwpbﬂdébgénﬁggbgonSW“b@§ep 207. The user equiprment 10 transmits

t he bl ock spread sequence of conplex val ued nodul ati on synbol s that has
been transforned over the radi o channel to the radi o base séatlon 12. In

sonme embodi menkhetuser equipIaett 10 SREPESPH? MAPRInGCirGuit&lH onfioyred I MBRME of t he

sequence f . CHERE ﬁ?‘th¥%bé@xc%ﬂéﬂrﬁélé>@%l@éﬂﬁ@&@aﬁdﬁ Fmibolsst time slot and a 35
second part of the sequence of conplex val ued nodul ati on synbols in a

second time slot. 26 Dependi ng on whet her frequency-hopping at sl ot
boundafd es i s @pRkiksle, BLNGEr RTINS0 BBMpR&stEhlo¥R €preading circuit 214

configured to block spread the sequence of complex valued modulation symbols across
DFTS-OFDM symbols by applying a spreading sequence to the sequence of complex
valued modulation symbols, thereby achieving a block spread sequence of complex
valued modulation symbols.
20
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



In sone enbodinents a nethod in a termnal for transmtting uplink control
5 information in a slot in a subframe over a channel to a base station in a
Wi rel ess communi cation systemis provided. The uplink control information
may be conprised in a code word, The tzgm nal maps the code word to

nodul ati on synbols. The term nal then bl ock spreads the nodul ati on synbol s
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steps of t% | ock spreading are done in reverse order, and followed by the

wei ght i npestaspprised rhibe EaNh 810dkaler 8d6a Physi cal Uplink Control Channel and
the code word may be a nunber of bits. The nodul ati on synbols may be OPSK

synbol s or BASK synbols. In sone enbodi ments, the bl ock ??Er eadi n sequence
may be an ort hdgoaodiBenieheEin f‘l’h'@a%st"?éﬁﬂn%flpﬁr}kér‘?ﬁrwwpﬁ‘@at Vaddia

enbodi @%nﬁ&q@mesr@dlb%a%(@ a6 ilrhagffbleflﬁplehﬁnt&ttﬁﬂo&?h Bhé 6momt ri x may be a
Di screte Fourier Transformmmatri x
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subframe oy el the withebMpGlRAPRGIant Bodd¥8r b&wrmlr@&ﬁ@ﬂﬁ\bﬁdds@hdﬂd nidigoduser

equi pment 10 conprises an arrangenments depicted in Fi radi o
channel rEi§Ps3Yy t'@‘bﬁ'ﬁb%@é‘ew*%g”@tpﬁ%&ra’ﬂ?mopﬁI@“%‘Bﬂ'ﬂ‘?do‘?b%r‘/ﬁ al_sr?j?%el s and is

arranged £.0,iG& 5 a UBnbier prodraa®protidt, foh n8faAB4 indfe foh GTlaaittlcaaheave, the
bl ock of bits may correspond to up l'ink control information and cqpprlse
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j 0i Nt | 30 HAEYHIEFORPKERS RIQSHRYB IFRAR BT ﬁﬁ@rﬁmﬂﬁe PFRSRNERRYdivaghen being |

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



5 n sone enbodi nents the user equipnent 10 may conprise an error correction
coding circuit 211 configured to error correction encode the block of bits.
Furthernore, the user equi pment may conprise a scranbling circuit 212
configured to scranble the block of bizg before mapping the block of bits
to the sequence 10 of conpl ex val ued nodul ati on synbol s. The user

equi prent.o 10, /GBRAAtRDE Sind tHEBRR: BuiinERU 0 ardilrddieDaké gtaties 12 are@pngrised OCk of
bits to the sequence of conpl ex_val ued nodul ati on synbol s. %SFUB hbf
R¢ @ured to

the user agdiopeetmunictienspetivees The bm't@&reogfm'é&aﬁn??é'oe|'Sr%mri“39

bl ock sprigadniBesfsanesnt® ihe IR Bty ddriagomras lLahidkaddnE ¥R rhatRArMAS
DFTS- OFDM synbol s by appl ying a e;ipreadl ng sequence to the Sﬁﬁé%gce of

conpl ex \eerpEsesiowtly apeasied agkanyl not AF\PIMRYISMBNS ©ad

sequence Hhn SRy ¥elges modul ation synbols 20 The user equi pment
10 al so conprlses a transformng circuit 215 configured to transform per

DFTS- OFDM synbol , the bl ock-spread sequence of conpl ex val ued nodul ati on

symbol s by ap@t)ﬁb BY1 al'Hé&EHlb%agé‘é‘tTan&lﬁP@FéiévaQa%eQFeT}Se@M@&Mued ndex
and/or slot index to the block-spread sequence of conplex val ued modul ation

synbol s. meiuien#EMPPIR- may i n some enbodi nents conprise matrix el enents and
correspond to a Discrete Fourier Transformation operation together with a
cyclic shift ?ﬁeratlon of rows or colums of the matrix el enents. The

matrixi0 t hat ritgp @8Apiiedadipdere sttt RFOM feyodurieehissraueNse LT BPERIEEL o

Fourier TLaRaf8dRlibARyARSEati on together with a scranbling operation of
the matri x el enents. 6 Addi tionally, the user equi pnment 10

conprises a transmtter 217 configured to transmt the block spread

sequence of P%{a@zs Vﬁleqﬁehorﬂa%l L@tibrPm &%ﬁb@h&otm@tpeh@smmm sMBSIor med
over the radi o channel to the radi o base station 12. TFgPtrans fter 217

may in sdhe OFbbdemeditates sequsnee gLrser!Povalyeshapgylationisymbpls by 3Poyingishe

sequenge Rhirie HERHEXendd%n a DFTS-OFDM symbol index and/or slot index to the OFDM
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



val ued nodul ation synbols in a first time slot and a second part of the
sequence of conplex val ued nodul ati on synbols in a second tinme slot. In
sonme enbodi ments the user equipnment 10 further conprises an OFDM 5
nodul at or 216, which is nodified or copfigured to OFDM nodul ate, per
DFTS- OFDM synbol , the bl ock spread sequence of conpl ex val ued nodul ati on

synbol s thalphas &%?arécméle%%rmn tHelis P $8MPIent RAGHe sRESERHNNefist he bl ock

spread sequence of conplex val ued nmodul ati on synbols within a DFTS- OFDM
symbol |sarfaf@ﬁ§ﬁ%¢&f’é/dinﬁyké?jﬁﬂ°j/infﬂjmﬂ*@‘ matrix to the segment of the block

spread sequence,OfqraRk %uy@hye&ngmlaaﬁe'c@ﬂe.lﬂsﬁwmeu@dIt@retca@etar ansf or ni ng
circuit 215, and then OFDM nodul ated in the OFDM nmodul ator 216 and

transmi t teRguaNeEeiFormiexpRTSd oRpMadignBynbolsAed pr AFOM dempedulpfinggircyit
conpri Sﬁdzﬂzncotnh@# %%@M@ﬁﬁulﬁé@e sERBerRERP AbMBIRK Sall8d fodulBén

transmtting up control 1 nformation over a radio 15 channel to the
radi o bassymdoiti on 12 may be inplenmented through one or nore processors,

such as a proc?ﬁﬁl’\é}&oﬁ% “ti%'r'aﬁlo%]age'sfétlﬁrli'%%r%bné&la PARTbrmihgtaiRiuittad in Fig.
21, together wt ter ram code for perform ng the functions and/or

met hod steqpgeed ﬁm@a@ﬁfﬁﬁdpﬁ@'ﬂ’f REDM symbtethp QFEMA AeBBdEated §E9YsEE Chbove
may al so &%;ﬁéwah@e%%am&.oﬁ%m%@rby%rpegrr@rg REGH W dep&Hdsidhsd BRES-GFDN he

formof a data carrier cafryi ng conputer @ro ram code for performng the

pr esent0 syimpol @demworb%@tnrgielxd@&@pfwdiwu segyeNgSRI MR Vel&dsuch
carrier oy fgidibyhibSis! @ﬁlmr%ftrlﬂngppm&% inlthe inSerBOVWB¥@tior @aRatdfehan t h

other data carriers such as a menory stick. The conputer pr ogr am code may
furt her nometris& irtos Hers@aaipMeat 2. Je greRiecReEation ”?HPVS'BISQ@P SHRPUERRA oaded to

the user &ﬂ\@r@@%ﬁtln\;&se Igécrete Fouried P@nYR&h oBEltiGRTRAH tHDin0E¥e Mitd18the onpri se
a menmory 219 con ured be used to store data, spreading sequence,

matrix, amatrlaﬁbmatg@m@mﬁqew puerse Difcreie Fruterdaensim Belivg executed on t he

user egyli pnentTH]é)ra@Bq{a@é SBHigh H@%}so%gmpnses a bibeR d@gfﬁé@dlr{ﬁﬁﬂﬁui 284 he radio
base station 12 for receiving uplink control information in tine slots in a

subf r ane esndgurgd tablipek eerpransthe ﬁ@ﬁHePﬁ%Oﬁ%%'ﬂp' hAYRRERPIURICASYBPAISHER 0 sone

general ephadi Wm%%dm%d%d%ﬁ%m@di WithtdidsBfeBRB &qliéhca. f | owchart
depicted in Fi . The steps do not have to be taken in the order stated

bel ow, 35 but eﬂéorteawérﬁacﬁl@n basfystaign Ehranrsisge A Maping SHFYE EAnnel i s
arranged {oig&kh Yo HRbtHEdespread 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.



29 control information and the user equi pnent 10 and radi o base station 12
are conprised in a radi o comuni cations network. The uplink control
information is conprised in a block of bits. In sonme enbodi ments the bl ock
of bits corresponds to uplink control gnformation and conprises jointly
encoded acknow edgenents and not acknow edgenents. The radio 5 channel may

be a PUCCH  The radistfaBe d@fion THhal dHier Bas risel iveibry 239 €6@bNeisg ensequence
of conpl ex val ued nodul ati on synbols. 10Step 222. The radi o base statl on 12

OFDM dengaefedneagony/yaits é@fh@m@ur@fi te B%F%twraéat%erﬁﬁgf‘g SRAEPRFINATX,

Step 223.,ne plidfiboR tPpsforsithé hidthobdvidnaseing sxsites BR thedrdiodabsstdtibM1ay mbol

t he OFDM denodul at ed sequence of conpl ex val ued nodul ati on synbol s by

appl yi ng a0d1%® sifgitari x t hat depends on a DFTS- OFDM synbol index and/or sl ot

i ndex tg® the OFDM denodul ated sequence of conpl ex val ued rmdul ation
synbols. This matrix may performresult in the |nv rse 0 tion to that of

the matrix G ilpthedrawtgp apd spesisation gherghavg ?ﬁﬁ‘é‘r@ e mB Yray in sone

enbodi Ment s, SRRk $8red) Ho%%rsﬁ‘lagj $§H’a¢fbﬁs Elwmb&hcéﬁfoﬂ@&fe@rﬁ@rﬁw @atthee, and
the inverse matrix to the matrix y conprise an Inverse 20 Discrete

Fouri er Tarabpstiroemts wifheytygubstantially de@r@i@ fpom therprinciplasi & EBPRENMEn 12 al so
bl ock despig )f@ﬁh&ﬁg%‘é%@@iﬁc %frm§9FHJérﬁE§|oyéJ H%Qa'?@dééoalhlafg%néls{@’éﬁd s that has

been OFDM deno ated "and transforned a despreadin uence, such as
an or t Hbgissarptiye gaasreenly amp not for pur@tS@ﬁOé‘ﬂB'tat"?ﬁeth?éa‘?R’f Hd '”¥ PNEE"g2 naps
t he desprgadedsftrNefowitg 8afRl ex val ued nodul ation synbols that has been
OFDM denodul at ed and transfor med, to a block of bits representing the
uplink control information. 30Thus the radi o base station 12 nmay decode
the received uplink control infor mati on.



30 a subfrane over a radio channel fromthe user equipnent 10. The radio
channel is arranged to carry uplink control information. The radio
base station 12 conprises a receiver 231 configured to receive a sequence
of conpl ex val ued nodul ati on synbols ard@ an OFDM denodul ating circuit 5 232
configured to OFDM denodul ate the sequence of conpl ex val ued nodul ati on
synbol s. Furthernore, the radi o base station 12 conprises a
transformng circuit 233 configured to transform per DFTS-OFDM synbol, the
OFDM denodul at ed geapgRce of conpl ex val ued nodul ati on synbol s by appl ying
a matrix that depends on a DFTS-OFDM 10 synbol index and/or slot index to

the COFDM deqroqulhath n?r gﬁ@éé?@&ﬁprﬁént‘(@?}%ﬁ?an%%dﬁ?g%ﬂﬁﬂﬁ%rﬂﬂo ﬂfbnﬁ?(ﬂ?ﬁ naThi S

matri x my perfor e in rse operation to t at (6] trix G
in the user edefRihin a3ubframe ovenaiagio qbgemeéfq dfpdiglasestalionf! 2nH8di ment s

conprise an | '&h’&*e'i@onHeﬁ@(ﬁ@} Snd@diol ke $aA6E (12} B&:ﬁ@@érﬂéﬁs@ﬂ in &fgkid he inverse
matrix to the matri x , corrpn%zagpghnverse screte FOUI’I er Transform

matrix. 15The SPAAUGICRIANS ”§i"‘<‘?[‘f Sy annshisarapaecio ARy KRk SePtERldi ng

circuit 234 cmm@umdmamémhpnakcd}mpmmdaﬁdmbmmeeﬁn LislogN Fbity,al ued
nodul ati on sy st tglat has been OFDM denodul ated and transfornmed, with a
despreading s ﬁ@g C¥NP%Rr more, the radio base station 12 conprises a

mappi ng circuit 235nammirig (§03)dbe blockmefibits ea degencadf epleaxnatiedf conpl ex
val ued nodul ati on [ﬁ#’ E&féﬁ% 120 has been OFDM denodul ated and
transforned, to a bloc ts'representing the uplink control
i nf ormati on. -blogkspreaqgingi(24) the seapenqe of semplex ¥alvedgodatiank cont r ol

i nformation over asirﬁSBIQa&mgére{ermléhﬁahb?&h @.svewmihoa&wmy be
i npl enented through one or %lxocess such as a processing circuit

238 in the radio bsge@ugrtcxtf?'wﬂowua@ P %OEP&' sygbols By, aPRI¥PI @i t h

conput er program caﬂead-@gsméﬁwmmsémnéwmbmm vaned aodoatisrod st eps of
t he enbodi nents herei,n. m,code ,ment i oneg abgve ﬂﬁé/df al so be

he
provi ded as a corrpfl’fr%?msp}- éerne%b%%(s(preaﬁ(f'lgq}’?{‘g?é’ R YEEF orm of a data
carrier carrying cowguaton qyn’dvglsam code for performng the present solution

when being | oaded _yanstorming (205), per DFTS-OFDM symbol, the block-spread sequence
of complex valued modulation symbols by applying a matrix comprising
matrix elements, which matrix elements are cyclically shifted depending
on a DFTS-OFDM symbol index and/or slot index, to the block-spread
sequence of complex vaiued modulation symbols, and
-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 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 any of claims 1-2, 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
sequence of complex vaiued modulation symbols.

4. A method according to any of claims 1-3, further comprising



30 into the radi o base station 12. One such carrier may be in the formof a
CD ROM disc. It is however feasible with other data carriers such as a
menory 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. 31
The radi o base station 12 may further conprise a nenory 239 conprising one
or nore nenory units and configured to be used to store data, spreading
sequence, nmatrix, and application to performthe nethod when being executed

on t_he_ radi o0 base s A/Pp'o%een 3 ;§ér AJ OFBII\Aaﬁymbo'h{) 3’.";&2%?%%&“ ngs and

speci fication, ther ave |'0sed exe erein.
However, many vari aequense afrmﬂmlﬁ#lWalttedmadnlatlnmyyrmmlmawasweehese enbodi nent s
wi t hout substanti allLyssararting fromthe principles of the enbodinents.
Accordi ngly, although specific terms are enployed, they are used in a
generic and 10 descriptive sense only and not for purposes of limtation,

the scope 0 taRethby Setordiiy da@nwf strﬂsnﬁﬁ‘ m%.ré.nﬂqefs%a SaMSmbkdrigl M5 32

CLAIMS 1. A nethod in a user or transmtting uplink control

i nformation i §OPPHgesde gggsmlhagr %‘E%QfA'PFbsWé?ce&frcﬁﬂﬁpl?xd’ﬁlé!ﬁﬁ’\B'1°d\f"8t"?{‘ radi o

base station embols iefirsStiie SoibrarPstcond fart &itfe EédlieAcdardmplexivaried ( 12)
bei ng conprised | atlﬂgs net wor k, which radi o channel is

arranged to c&PFVQH?ﬂ fyﬁ'&’ Esoﬂtars(?wq’ﬁf'%? ion, and the uplink control

i nformation being corrprlsed in a block of bits, the nethod corrprises

- mappi ng( 3> rmﬁoé)g r%gﬂ ﬂ%@é@%&l&ﬁ;ﬁfb:&&@?bm .gp%%smdm ation

synbol s, sprea e sequence 0 dul ation
synbol s acr os§° wmligk P@!t@l piamatien andamfp@m Jspﬂxeanpwe@cmwdaemmtequency

Di vi sion Ml t LRk gg;,y-ggmowlgg&,g;,@/l synbol s by applying a spreadi ng sequence
to the sequence of conplex val ued nodul ati on synbols, to achieve a bl ock

spread sequence of conpl ex val ued nodul ati on synbol s,
7. 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 equiprhent (10) and
radio base station (12) are comprised in a radio communications network, the
method comprises
- receiving (221) a sequence of complex valued moduiation symbols,
- Orthogonal Frequency Division Multiplexing, OFDM, demodulating (222)
the sequence of complex valued modulation symbols,
- transforming (223), per Discrete Fourier Transform Spread, DFTS, -
OFDM symbol, the sequence of complex valued modulation symbols that
has been OFDM demodulated by applying a matrix comprising matrix
elements, which matrix elements are cyclically shifted depending on a
DFTS-OFDM symbol index and/or slot index, to the OFDM demodulated
sequence of complex valued modulation symbols,
- 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 bits.



-transform ng (205), per DFTS-OFDM synbol, the bl ock-spread sequence of
conpl ex val ued nodul ati on synbols by applying a matrix conprising matrix

el enents, which matrix elenments are cyclically shifted depending on a

DFTS- OFDM synbol i ndex and/or slot indey to the bl ock-spread sequence of
conpl ex val ued nodul ati on synbols, and transmtting (207) the bl ock spread
sequence of conpl ex val ued nodul ati on synbols that has been transforned
over the radio channel to the radio base station (12). 2. A method
according to claim1l1l, wherein the matrix corresponds to a Discrete Fourier
Transf ormation o&erat,i on together with a cyclic shift%\qcﬁ)ﬁeration of rows or

col ums of Aath {ser epupEpRtd10) or tansytinguplipk Goentiohffammatign in fme sfols fga 1- 2
furt frlrte)lr _ com() r2 iosgbmﬂe GlererEGiG][ch?Hei P i@ﬂi@wibélgta_(ié’rﬁ(hh),t%hbbﬂm Ié.?@tfnebi ts, aﬂd
scranbl i ng the bl ock of bits before. ma tl ck of hits to the
sequence of cd ﬁr@?egi‘?m%%@?%&@ﬂtﬁ?& g'% %g uﬂpﬁﬁoﬂgﬁl "%'3’8"?'8%9 to any
of clains 1-3,befngreoinrisedbinyartickrofbits3 and whleDMsercetulpaieinh () 0f 2ditpriseper

DFTS- OFDM synbol L ack s | @x..val ul ation
synbol s that has btéare}ﬁa#r@négrf @?{ngg)d cog.ﬁs%g%eihcﬁgdthaegbgé(yrﬁ@?ﬁ'és oa%ag? ch cl ai s
1- 4, wherei n tofieorgplepvalfied madidationtsymyolsonpri ses to transmit a first part of

the sequence of commsck slatfd R BRIGHEPRIhock BoRaliitisdeqlibis o1 Ot and
a second part of the sequence”of conB ex val ued nodul ation synbols in a
second time sldbeompiex yalued meduiationsyambelg actoss Rsciste Epuliergrapsigmyher ei n t he

_b|» _OCk of bits gpesddesoanstionkIcFrEqUdnBy DN @dItipI&isYy, DITSCOFEMds hyses )
jointly encoded lakcknova ea% enent s artld non-acknog{ ed@emeaﬂt S lA nmethod in a
radi o base st &PPYHIELHIC Seayence ity e sEAvSTIce OLFPRIEX Yalvestmedyialioni n i me
slots in a sulsymbale, toaehieve a bdclospreadisezjuehceoshicamples valagd mpdelation( 10) , whi ch
radi o channel r?gﬁ' 14 anged to carry uplink control information, the uplink
control infornatiron is conprised in a block of bits, and which user
equi prent (10) and art@éasformiiag eirasit42 19 eoffioRyeddo érangfamr. ipseBF T H-QF DM o
comuni cat i oNgyRBSIRAE blockl3BredB sBAILNES B NSk valued modulation symbols by

applying a matrix comprisihg matrix elements, which matrix elements are

cyclically shifted depending on a DFTS-OFDM symbol index and/or slot index, to

the block-spread sequence of complex valued modulation symbols, and

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).

9. A user equipment (10) according to claim 8, wherein the matrix corresponds to a
Discrete Fourier Transformation operation together with a cyclic shift operation of

rows or columns of matrix elements.

10. A user equipment (10) according to any of claims 8-9, 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 moduiation
symbals.



- receiving (221) a sequence of conplex val ued nodul ati on synbols, -

Ot hogonal Frequency Division Miltiplexing, OFDM denodul ating (222) the
sequence of conplex val ued nodul ati on syn§§ls, - transform ng (223), per

Di screte Fourier Transform Spread, DFTS, - OFDM synbol, the sequence of
conpl ex val ued nodul ati on synbol s that has been OFDM denodul at ed by
applying a matrix conprising matri x el enents, which nmatrix elenents are
cyclically shifted depending on a DFTS- OFDM synbol i ndex and/or sl ot index,

L Io tEedOFDI\M.demsw_ bg@ipﬂeﬁﬁqm@rdmb t@ﬁ?@bf&?ﬁairlwabuﬂﬂlfdmdwoﬁgdﬁlemg_synbol fm |_
oc espr eadi ng e sequ of, co u nodu on synbol s
that has been OFDI %P?Rj’)rﬁi\%m%"ég” g@?wqﬁ'ﬁ%&ﬁ%qﬁ?’ﬂgﬂa@egﬂ@&ng
sequence, and GFDMpphbe), tha Diock spread sequeaesl ofs@mptaxoaluetl nostuptiox val ued
nodul ati on syrrbr%gils@baqhapgée'pt?a%gfo%w denodul ated and transforned, to a

. user

bl ock of bits. equi pn%n‘t (10) for transmtting uplink control
information in tinme slots in a subfrane over a radio channel to a radio

base st at | Ot (dddr et (36] o5 5boy o AhEBIACuheRARS Haihak cont T o

i nformation, [ ink ‘control” T nfornmation bein nprised In a block
of bits, and WR1WIs epségured in fransmit § rehpacitine spayence of complexuplgehg circui t
(213) confi gurfhuidBoRBymbdI€in Rttt sibt dnd d SecBnd FEHISHEE s&fueh@dTBY €x val ued

nodul ati on synbol s, a bl ock sPr,eadi ng circuit (214) configured to
bl ock spread tREPESYAWRE Mdpialionsymbels g @ regontiiee 86t on synbol s across

Di screte Fourier Transform Spread - Othogonal Frequency D vision
Mul ti pl exi OFTS- OF ls b | v di to th
sequence of REALRVATtE] e ap R R Hishied o7 HReos BOETBecpr ead
sequence of coupespondsitouiinkroatiobinfopnationrdnd| comprises jointipenicoded f or m ng
circuit (215) a%%uh&}geﬁ@nfsoantdrn%ﬂ-%fcf?u’ié@l%f%%hgqgrs' OFDM synbol , the

c modu

bl ock- spread sequen of conpl ex val ue ation synbols by applying a
matri x conprising matrix elenments, which matrix el enents are cyclically

shifted depeni Rdiotasea siahidr 1@ faMreeevinglupliftd@ntraNAiofhatn®h timBdRts inkO t he

bl ock-spread seguence of co ex val ued nodul ati on ol s, and
Do D e SRR P BuPaR Rpgme Hort st st ATt b 3 i stio el of

conpl ex val ueds arehgedtd earysupliiotahtrbhiaforhationpihe uptitlecontrorinfednatioar t he radi o
channel to t NG,o[ g0 pRAMn 8'ilek Boifst Bha 1 radlo BIEL S ATFQIndrAQ) accor ding
réin the sponds tTo a D'S €' Four

to claim8, whe e matrix corre : cre i er
Transf or mat i on opepdedeiver {23] e configuirid th regeivg @lsequerice of comprlexivalesd of rows or
col ums of W%dd&laﬁbﬁ@ﬁﬁ%&g,_ 10. A user equipnent (10) according to any of

clainms 8-9, further conprising an errar correctjon coding circuit (211)
configured to errof"&BiPaRal biearenrayivising Myltiglerings O Mg derpgylating

_ 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
complex valued modulation symbols by applying a matrix comprising matrix
elements, which matrix elements are cyclically shifted depending on a DFTS-
OFDM symboal index and/or slot index, to the OFDM demodulated sequence of
complex valued modulation symbois,

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, and



a scranbling circuit (212) configured to scranble the block of bits before
mappi ng the block of bits to the sequence of conpl ex val ued nodul ati on
synbols. 35 11. A user equipnent (10) according to any of clains 8-10,
further conprising an OFDM nodul ag@r (216) configured to OFDM

nodul at e, per DFTSOFDM synbol, the bl ock spread sequence of conpl ex val ued
nodul ati on synbols that has been transfornmed. 12. A user equi pnent (10)
according to any of clains 8-11, wherein the transmtter (217) is
configured to transimapgnd circait (285) tordiguteldao Bﬂqmmpm‘adeemérea of’al ued

nmodul ati on synbol in, a f|r 11 I ngd .a s t he sequence
of conpl ex valct?g}? V&,.Hegtl 0 aé'é’r‘rﬁ%@”?h’agh%ebcegﬂm %L[Izﬁecig ‘?A user
equi prent  ( 10)trastoomeld, ngabochfbitsf cl ai s 8-12, wherein the block of bits
corresponds to uplink control information and conprises jointly encoded

acknow edgenments and non-acknow edgenents. 14. A radi o base station (12)
for receiving. Aprethed ipariemynaliferfteanamittingruplink edntrel isfoorationdin a sistibfa ame over a

radi o channel 4 (R5ha oW crafHéIRE B Bhsd dilon :H‘%'vﬁfélersé‘ébr‘ﬂnfahiﬁ‘l;b%' kgl ranged
(0] nr or

to carry uplink control information, the uplink contr t|on bei ng
conprised in dh®LeEk CBT‘"%l"tf%"ma&%b?'ﬂ%c?’ﬁQﬂsédHh%@%qwrpotﬁe(‘?Z')Odcorrpr| ses
a receiver (23bmprsiAhi gured to receive a sequence of conplex val ued

nodul ati on synbol s, . an th onal Frequency Division Miltiplexing,
OFDM denpdul at i ng ~@3P8{othe %‘%‘” mggiaten; 1(3 dem)dul ate the sequence

of conpl ex val ued rbbhek apieading yhdrobdulation symbola atrmoesBfsorets Faurier r cui t (233)
configured to tran HEqet e ra

synbol, the OFDM d?ﬁ%&ﬂ @é uen(:ed:ﬁwéén%i1:;£ ughc& ggépgﬁfag'{ef“g synbol s
by appl ying a matr |Q&=QMrﬁymb9lsrbg rﬁmatlhgt*‘@lmmﬂﬂtlsn swhbeh foreaeh RFESenents are
cyclical Iy shifted signgaghps a8 aﬁgg?ﬁagqﬂlsﬁﬁémﬂb sétﬂ@‘ﬁ?ﬁe BEigHt fﬁt&& i ndex,

to the OFDM denpdul at ed sequence | ex val ued | at1 on synbol s,
a bl ock despreadi nd® Ferergated madylation sy B'Pé‘%la?’tbevﬁl‘?tf@ﬁp%‘ﬁ)‘f‘@aﬂet‘he sequence

of conpl ex val ued rBEpbRAhé MddEMIdINsyMPolkTbr &ith DFTSORBIAyawspdul at ed and
transformed, wth a rgﬁgfgrrnﬁr?gqlforgeacﬁ %%?gCC?FDI\ﬁ symbc‘?],6 the respective weighted
copy of the modulation symbols by applying a matrix comprising matrix
elements, which matrix elements are cyclically shifted depending 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 ihat has been transformed to the base
station.

16. A method according to claim 15, wherein the channel is a Physical Uplink Control
Channel.

17. A method according to any of claims 15-16, wherein the code word is a number
of bits.

18. A method according to any of claims 15-17, wherein the modulation symbols are
Quadrature Phase-Shift Keying symbols or Binary Phase-Shift Keying symbols.



a mapping circuit (235) configured to map the despread sequence of conpl ex
val ued nodul ati on synbol s that has been OFDM denodul ated and transf or ned,
to a block of bits. 15. A nethod In a termnal for transmtting uplink
control information in a slot in a subfr2fre over a channel to a base
station in a wireless comuni cation system the uplink control information
being conprised in a code word, the nethod conprising: - mapping the code
word to nodul ation synbols; - block spreading the nodul ati on synbols across
Di screte Fouglﬁemeiﬁbaaéé&a.ﬁg fépéﬁwl clalAvsT5-18, Wheldi® 8 dckisprRABMGCY Di vi sion
Mul ti pl exi ng, synbols b eatlng the nodul ation synbols for each
DFTSCFDNIsynbd?q%ﬂﬁeé%ﬂTVﬂH§° C®preadi ng sequence of weight factors
to the repeated nodul ati on synbols to achieve a respective wei ghted copy of

the modul at b f¥iRBELecdrdihg RASHY JPEIRIPTEAS, WHERS iransfrbSdopt R for each
DFTS- OFDM synbol , t he ?és %ctlve melghted co m?%e nnduléf%%ﬂkgynbols by

appl yi ng a mat®f W@oﬁmmyﬁl‘?@"?fﬁ'{“ﬁﬂl m%rmwﬁ'cmaéw isdtiscrete Fouesft s are
cyclically shitramtorsianathgdi ng on a DFTS- OFDM synbol i ndex and/ or sl ot index
to the respective weighted copy of the nodul ation synbols; and -
transmtting, on each DFTS- OFDM synbol, the respective wei ghted copy of the
nodul ati on synbols that has been transforned to the base station. 16. A

nmet hod according to claim 15, wherein the channel is a Physical Uplink
Control Channel. 17. A nethod according to any of clains 15-16, wherein the
code word is a nunber of bits. 18. A nethod according to any of clains
15-17, wherein the nodul ati on synbols are Quadrature Phase-Shift Keyi ng
synbol s or Binary Phase-Shift Keying synmbols. 37 19. A nethod according to
any of clains 15-18, wherein the bl ock spreadi ng sequence is an orthogonal
sequence. 20. A nethod according to any of clains 15-19, wherein
transformng conprises to cyclically shift rows or colums of the matri x,
which matrix is a Discrete Fourier Transform matri x.



