(19) United States

12 Reissued Patent
Han et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE47912E

US RE47,912 E
Mar. 17, 2020

(54) METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION
IN WIRELESS COMMUNICATION SYSTEM

Applicant: LG ELECTRONICS INC., Seoul
(KR)

(71)

Seung Hee Han, Anyang-si (KR); Sung
Ho Moon, Anyang-s1 (KR); Jae Hoon
Chung, Anyang-s1 (KR); Moon Il Lee,
Anyang-s1 (KR); Yeong Hyeon Kwon,
Anyang-s1 (KR)

(72) Inventors:

LG ELECTRONICS INC., Seoul
(KR)

(73) Assignee:

Appl. No.: 15/285,896

(21)

(22) Filed:  Oct. 5, 2016

Related U.S. Patent Documents

Reissue of:
(64) Patent No.:
Issued:

Appl. No.:
PCT Filed:
PCT No.:

§ 371 (c)(1),
(2) Date: Oct. 4, 2012
PCT Pub. No.: W02011/126246

PCT Pub. Date: Oct. 13, 2011

U.S. Applications:

(63) Continuation of application No.
0002835, filed on Jan. 14, 2011.

8,853,076
Oct. 7, 2014
13/639,463

Apr. 4, 2011
PCT/KR2011/002325

PCT/KR2011/

(52) U.S. CL
CPC .......... HO4L 5/0053 (2013.01); HO4L 5/0023
(2013.01); HO4L 27/2636 (2013.01); HO4L
2772697 (2013.01);, HO4J 13/0062 (2013.01)
(58) Field of Classification Search
CPC . HO4L 5/0053; HO4L 27/2697; HO4L 5/0023;
HO4L 27/2636; HO4L 5/0057;
(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS
6,873,646 B2* 3/2005 Lu ....cooveiiiiiinnii, 375/144
7,173,919 B1* 2/2007 Dabak .........c......oooni 370/335
(Continued)
FOREIGN PATENT DOCUMENTS
CN 101179540 5/2008
CN 101496368 7/2009
(Continued)

OTHER PUBLICATTIONS

The State Intellectual Property Oflice of the People’s Republic of
China Application Serial No. 201180014503.9, Otflice Action dated
Jul. 30, 2014, 7 pages.

(Continued)

Primary Examiner — David E England

(74) Attorney, Agent, or Firm — Lee Hong Degerman
Kang Waimey

(57) ABSTRACT

(Continued) The present invention relates to a wireless communication
system. More specifically, the present invention relates to a
(30) Foreign Application Priority Data method for transmitting control information through a
PUCCH 1n a wireless communication system and an appa-
Dec. 16, 2010 (KR) vvveveieeeeinne 10-2010-0129074 ratus for same comprising the steps of: obtaining a plurality
of second modulation symbol streams corresponding to a
(51) Int. CIL. plurality of SC-FDMA (Single Carrier Frequency Division
HO4W 4/00 (2018.01) Multiplexing) symbols by diffusing a plurality of first modu-
HO04B 7208 (2006.01) lation symbol streams to form the first modulation symbol
(Continued) (Continued)
e
El%%%ﬁ% ca.b b b 2b %4 5N

~— Medclguion symbala (g, L=34 fr OPSR)
L1

I g RS - A
Divher ¢ Dmgtt 13| By it @ 11T .0 Lol R sl
grbhoeld — 77—+  qeld.olbd
t . 1
DET pieec ey [F precodsy
rg.d f,...d LA $ezd L, AL
Sprcedin S
tez. Wal, DFT) Heg Waish, BT
1
= § § 0 §343 38
%’ W S| T P, A Utiﬁﬂ‘ﬁ?
]__.-Jf--""'._,-".,.-"" L
AT NIERTD] 5 v ot LT AL R
T P 2 1 ot [ BT e
el B SRRl v 7 T DR
B e
|y ! Aefsige o dd TRl 1
T[T Fw] Ei{; ' ,fg? qd Bl il KT
%{[ﬁllsdl f‘ﬂ o im*j#dlﬁf
N N LI 9578 B T T P
The Feeguenty location meny b
4 RS bogperl. {eg. irmsed bappira
I.':I.H.EIE} d-_]-*?-ﬂ
d 131
A 1414
~:|. |ﬁ1,.r 1P
7 ol N
1 Ty 5
R s
| [9%ai Tl s
I T O s R T
5'1._2 t‘?-'r? < ) ;‘;:;"".1‘:_:-_:,- ) '!.g.-?. LI
R L R T R s :
{Brld B

- T T —

Bl

Bepze ol LTF PUCTH Il | seryeditrs [reicivial

T
[F o}



US RE47912 E

Page 2

streams corresponding to the SC-FDMA symbols within a 2009/0247229 Al 10/2009 Teo et al.
first slot; obtaining a plurality of complex symbol streams by 2009/0262944 A1* 102009 Golitschek Edler Von

erforming a DFT (Discrete Fourier Transform) pre-codin EIOWAIt .ooooooiriiiinnrnnnnns 380/287
P S _ P S 2009/0290538 Al  11/2009 Kim et al.
process for the plurality of second modulation symbol 2009/0316626 Al 12/2000 T.ee ot al
streams; and transmitting the plurality of complex symbol 2009/0323510 A1* 12/2009 Furrer et al. ......cc.......... 370/210
streams through the PUCCH wherein the plurality of second %88? 88?22% i : i{ 388 Emlll etal. .. e 3 gg/o 2/2(1)

dulat; bol st bled in a SC-FDMA -~ -~ 19 fushiyama et al. ........

o ];1:-;111011 Tym O SHEALIS dit SEIAmbICt 1 4 2010/0041350 Al* 2/2010 Zhang et al. o..oooo....... 455/101
SYHIDOL IEVEL. 2010/0124206 Al* 5/2010 Bottomley et al. ........... 370/336
_ _ 2010/0177694 Al 7/2010 Yang et al.

3 Claims, 61 Drawing Sheets 2010/0208680 Al1* 82010 Nametal. .....coevenn..nn. 370/329
2010/0238846 Al1* 9/2010 Xuetal. ..coocoovvivveninnnnnn, 370/280
2010/0260162 Al1*™ 10/2010 Batraetal. ................... 370/343
2010/0265901 A1* 10/2010 Koo etal. ...ccovevrenen. 370/329
_ _ 2011/0019697 Al* 1/2011 Sekietal. .....cocoeevneenn.. 370/480
Related U.S. Application Data 2011/0065441 Al* 3/2011 Hahm ....cccooeevvvevenenn.n, 455/450
o . 2011/0085513 Al* 4/2011 Chenetal. ................... 370/330
(60)  Provisional application No. 61/320,765, filed on Apr. 2011/0110304 Al* 5/2011 Kuchi et al. ..coooo.......... 370/328
4, 2010, provisional application No. 61/295,741, filed 2011/0128872 Al 6/2011 Lindoff
on Jan. 17, 2010, provisional application No. 61/298, 2011/0176443 Al 7/2011 Astely et al.
550, filed on Jan. 27, 2010, provisional application 2011/0188460 Al . 8/2011 Malladi et al.
No. 61/301,160, filed on Feb. 3, 2010, provisional 20110243103 AL 1072011 Rowalsk et al. —........... 370/336
oI ? LT > P 2011/0261858 Al* 10/2011 Baldemair ........... HO04J 11/0033
application No. 61/305,524, filed on Feb. 17, 2010. 2175/130
2012/0039158 Al* 2/2012 Chengetal. ................. 370/203
(51) Int. CI. 2012/0115520 Al1* 5/2012 Rossel et al. ................. 455/501
HO4L 2726 (2006.01) 2012/0155425 Al* 6/2012 Budianu et al. ............. 370/330
H04L 5/00 (20060) 203/0235946 A: 9/203 Blldl.‘:l]flll ct al .............. 375/260
04T 13/00 (2011 0 ) 2013/0258978 Al 10/2013 Aibaetal. .................... 370/329
e 2014/0293921 Al1* 10/2014 Tang ................. HO4W 72/0413
(58) Field of Classification Search 370/329
CPC ..... HO4L. 5/0055; HO4L 5/001; HO4L 1/1854; 2015/0009971 Al 1/2015 Han et al.
HO4L 1/0026; HO4J 13/0062
USPC e, 370/329, 344 FOREIGN PATENT DOCUMENTS
See application file for complete search history. |
CN 101558678 10/2009
. CN 101578797 11/2009
(56) References Cited CN 101606338 12/2009
. CN 101682485 3/2010
U.S. PATENT DOCUMENTS TP 2001069576 3/9001
_ JP 2004297756 10/2004
7952991 B2* 5/2011 Kim .........o.......... HO041. 27/2602 TP 2010-541459 12/2010
3770/208 JP 2013-517675 5/2013
8,068,464 B2 11/2011 Sambhwani et al. KR 1020080101621 11/2008
8,222,782 B2* 7/2012 Saito ......cocooeviviiiiininnnn, 370/204 KR 1020090099500 0/2009
8,228,782 B2  7/2012 Han et al. KR 1020090111271 10/2009
8,537,916 B2* 9/2013 Karabmis .........cc.......... 375/260 WO 2009/011523 1/2009
2002/0060996 Al1* 5/2002 Kwaketal. ................. 370/335 WO 2009023740 2/2009
2002/0122470 Al1* 9/2002 Heikkila .......ccoooviin0. 375/147 WO 2009101065 {/2009
2002/0131390 Al1* 9/2002 Kuoetal. ...o.ooovvvnnnn, 370/342 WO 2009/131345 10/2009
2002/0176438 Al  11/2002 Karnalainen WO 2009157659 12/2009
2003/0012171 A1* 1/2003 Schmudl et al. .............. 370/342 WO 2010/018980 2/2010
2003/0072282 Al 4/2003 Liang WO 2010018977 2/2010
2003/0095585 Al* 5/2003 Huhetal. ..................... 375/140 WO 2011/087448% 7/2011
2005/0257112 Al1* 11/2005 Baliga etal. ................ 714/746 WO 2011087313 7/2011
2007/0004465 Al* 1/2007 Papasakellariou et al. .. 455/571
2007/0041404 Al1* 2/2007 Palanki et al. ................ 370/479
2007/0097927 Al*  5/2007 Gorokhov et al. ........... 370/335 OTHER PUBLICATIONS
2007/0097942 Al1* 5/2007 Gorokhov et al. ........... 370/342 i o
2007/0140105 Al* 6/2007 Coon ... 370/208 Korean Intellectual Property Oflice Application No. 10-2010-
2008/0080467 Al 4/2008 Pajukoski et al. 0129074, Notice of Allowance dated Jan. 31, 2017, 4 pages.
2008/0159421 Al* 7/2008 Chenetal. ................... 375/260 State Intellectual Property Oflice of the People’s Republic of China
2008/0165873 Al 7/2008 Ghosh et al. Application Serial No. 201610084902.7, Ofice Action dated Aug.
2008/0165891 Al* 7/2008 Budianu et al. .............. 375/299 4, 2017, 16 pages.
2008/0212464 Al* 9/2008 Kimmetal. ... HO41. 27/2602 The State Intellectual Property Office of the People’s Republic of
370/210 China Application Serial No. 201180006303.9 Oflice Action dated
2008/0225693 Al* 9/2008 Zhang et al. ................. 370/210 Jun. 4, 2014, 5 pages.
2008/0267157 A: 10/2008 Lee etal. ..., 370/342 3GPP, “Technical Specification Group Radio Access Network;
%882? 83?8;33 i . ig? 3882 %_e_mf’—ndteatlal* ************** ;;2? ;gg Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
1 111014 € e ereereereereraaes - 55
5000/0073077 Al 32000 Malladi of al gl;i,ngzlggangc; P\P;[;;l;latlon (Release 9)”, 3GPP TS 36.211, V9.0.0,
2009/0074093 Al1* 3/2009 Han et al. ..................... 375/260 LT ' e . . e
2009/0080569 Al* 3/2009 Han et al . 2375/316 Nokia Siemens Networks, i.atqal.,, Multiplexing capability of CQIs
2009/0175159 Al* 7/2009 Bertrand et al. .............. 370/203 RAN WGI Meeting #49, May 2007, 4 page.
2009/0196366 Al /2009 Shen et al. NTT DOCOMO, et al., “On PUCCH Structure for CQI Report™,
2009/0201825 A1* &/2009 Shenetal .................... 370/252 R1-074812, 3 GPP TSG RAN WGI1 Meeting #51, Nov. 2007, 7
2009/0245284 Al 10/2009 Xu et al. pages.



US RE47,912 E
Page 3

(56) References Cited
OTHER PUBLICATIONS

Ericsson, “On Multiple ACK/NAK for LTE TDD”, R1-082001,
TSG-RAN WGQG1 #53, May 2008, 5 pages.

Huawel, “PUCCH design for carrier aggregation”, R1-093838,
3GPP TSG RAN WG1 Meeting #58bis, Oct. 2009, 6 pages.

Ericsson, et al., “A/N transmission in the uplink for carrier aggre-
gation”, R1-100044, 3GPP TSG-RAN WG1 #59bis, Jan. 2010, 3

pages.

European Patent Oflice Application Serial No. 11733100.9, Search
Report dated Apr. 24, 2014, 8 pages.

NOKIA, “Increasing the size of CQI by means of enhanced sequence
modulation”, 3GPP TSG RAN WGI1 Meeting #49bis, R1-073000,
Jun. 2007, 4 pages.

Takahashi, et al., “Performance Comparison Between Cyclic Shift
and Block Spreading CDMA Using MLD with Channel Coding
Information for Uplink Control Signals,” Vehicular technology
conference Fall (VTC 2009-Fall), 2009 IEEE 70th, Sep. 2009, pp.
1-5.

3rd Generation Partnership Project (3GPP), “Technical Specifica-
tion Group Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation (Release
9),” 3GPP TS 36.211 V9.1.0, Mar. 2010, 85 pages.

LG Electronics, “Uplink control channel transmission for LTE-
Advanced,” 3GPP TSG RAN WG1 #56, R1-090656, Feb. 2009, 6

pages.

State Intellectual Property Oflice of the People’s Republic of China
Application Serial No. 201610344039 4, Office Action dated Aug.
31, 2018, 17 pages.

European Patent Oflice Application Serial No. 11733100.9, Search
Report dated Feb. 9, 2018, 190 pages.

European Patent Oflice Application Serial No. 11766097.7, Search
Report dated Feb. 12, 2018, 185 pages.

LG Electronics, “UL control channel design to support carrier

aggregation”, R1-091204, 3GPP TSG RAN WGI1 #56bis, Mar.
2009, 6 pages.

Panasonic, “UL ACK/NACK transmission on PUCCH for carrier
aggregation”, R1-093942, 3GPP TSG-RAN WG1 Meeting #58bis,
Oct. 2009, 4 pages.

Qualcomm Furope, “PUCCH Transmit Diversity”, R1-091462,
3GPP TSG-RAN WG1 #56bis, Mar. 2009, 8 pages.

.G Electronics, “PUCCH TxD Schemes for LTE-A”, R1-091211,
3GPP TSG RAN WG1 #56 bis, Mar. 2009, 6 pages.

United States Patent and Trademark Ofhice U.S. Appl. No. 14/473,166,
Oflice Action dated Nov. 21, 2014, 27 pages.

Panasonic, “Signaling parameters for UL ACK/NACK resources,”
3GPP TSG RAN WG1 Meeting #50, R1-073616, Aug. 2007,
XP050107214, 3 pages.

Panasonic, et al., “ACK/NACK scrambling scheme on PUCCH,”
Change Request 36.211 CR 067 rev version 8.3.0, 3GPP TSG-RAN
Meeting #54, R1-083335, Aug. 2008, XP050316730, 4 pages.
3GPP RAN 1, “LTE; Evolved universal terrestrial radio access
(E-UTRA), Physical channels and modulation (3GPP TS 36.211
version 9.0.0 Release 9),” Technical specification, XP002723008,
Dec. 2009, pp. 16-20.

European Patent Oflice Application Serial No. 11766097.7, Search
Report dated Apr. 24, 2014, 9 pages.

LTE, “Evolved Umiversal Terrestrial Radio Access (E-UTRA);
Physical channels and modulation (3GPP TS 36.211 version 9.0.0
Release 9),” ETSI TS 136 211 V9.0.0, Jan. 2010, 3 pages.

* cited by examiner



US RE47.912 E

Sheet 1 of 61

Mar. 17, 2020

U.S. Patent

HOD0d put HO8d sursn
uod2n YUR AN 00D 1) »
mqﬁf& HE 15 }E

R
/

“

.11 rar l._-..h. l.h.h.h.h.h. l.h.._l. l.u..h. l.h-..h. n._-..l.n.\. l.h.\.l.n.\. l.h.\. l.h.\. l.h.\. l.h.\..q.n!r

|||||||||||||||

...........
_____________
|||||||||

P

RS
AL T R

-
e

. F ¥ F - =1 "4 1 - @1 " A =% ¥ = F1 | I R N | 1T =11 - @11 =01 F %1
o o eyl g e -eph' s kg g s e s e s e o e s

Ha)

F

m.\uﬂﬁm
m u wm # %

..................................

_____

--------------

m HQ m_w

N\ mammm gmw NE

.............. W m#i%rum\m& PR R .-..1.-
1
1 - r = | I ] - __-
- .- F . L I I R T T _-
. PR 7S e “
1 1 T . - r LI B | L I [ [ I B [ I I-
'

- - . .- . - e P P - - . R - - a1
.o . . T PRI R Y - = . oa . - 1
'
llllll A moaor . . P momoa A m oa . " moa P m o oa T "= A m om o - e m o]
1

[ | . Jj -r- - xr A ¥g=*r- g E4* @1 xeE =@ =- - a0 +‘@w- g+ —a3r  F-®ru- -

' " oa Vo oa '
Eﬁi. r. a4 = am .1 mom . omoE e . aom & F .
_-...l_...1....._r.|r...|u1u1..1...._....._...|....1u1..1..1n......l.......|u1...|.“1...._....l...|..||..||..|..1...._...I...|...-|u1..1..1....._...|.....|..|.1u-..“-....._...i...lu.||..|...|.“l....._....:....|..|ﬂ1|.1..1..I...|.....|...-|u1..1..1....._...|.....||.|...|.1....._...-...||.||..|n.|.“l....._.....-|.|-.-|u1 rrrrrr Tl " e

3IPaGId $$9308 WOPUDY

I Ol

E% /m
_ﬁ

H.sU4d
m 3& M

- a = . s w - m . oaom . - a .
) - _ . ) . . _ . \\ J"I +++++
..-E.--.!.....|._..|.|....|.-.|.|.....|.....|....|..|....|._..|....r

1-!'-Il_Il-ll-'-I-_Il'r"'_Il'Il"ll_Il'I-'-ll_Il'"ﬁ""_#""_""'_'

0133302
UDHBULOMIL  oIvas {10
LY AL &

E %.mm_m ._m ;
FHOS -8\

e e e e e e e e e e e e e e e e e e e e e e e e

AR ITEH



U.S. Patent Mar. 17, 2020 Sheet 2 of 61 US RE47,912 E

FIG. ¢

G Modulation] | Transform Resomrce | 1 SC-FDMA
appet oprecoder {0 | clementmapper | | signal gen.

- Scrambling |



US RE47.912 E

Sheet 3 of 61

Mar. 17, 2020

U.S. Patent

suod $0¢ w0 06
pulome S \

/

PIOAL 3PO3

Bungureng

EF {PUDIS
YIN{AO

soddew wswaga |
SOMOSAY

'
el el el il il el ittt it il il o s k. ak aE sk

=
o
’ N

1 sadders

b e e e L LR

el il il o o L E E L r E o o r o o

PR P e e e P P P e P e e e ] R R

Susponziy H _
” m-. |

L U N Y D . T S
T T TR R B

T S

U235 [RUDBIS
VIN(AO

seddru HE32

RI0SY =] SUHQUIRIDG ooy

il el L AN bt B

_ ﬁ

S04 sihgp 4 - . | | _

puusitie . e e / PI0A PO
9% 1] 12434 23 (it [

& Jld



US RE47.912 E

Sheet 4 of 61

Mar. 17, 2020

U.S. Patent

A0 98

._.m...ua._. 5y % m ﬁew“_.\.@ Mw-

S Fy c(ip

i
m. |

Mal ] &
wwﬂ U] z

"IN

) 2L

_%d RUNBHHH .WH

susdae]y
IMLIBIGNS

Lrlf..l...l...l...l...l...l...l...l...l.....-.m.._ R EEEEEEEEEEEEEErEEEEeyy ._fl..l...l...l...-..l...l...-..l...l...-..l..l__._.“.

v Old

LT b
Ik ”,L pU ]
N

jlleded

“O}TBLIRG

VINAIO

YIN(LE - 5

0 90
M Ry

N2
A dsyg mﬂ,ﬁ 4 hﬂm ..
Xiyaid i_?u 1.

% W



U.S. Patent Mar. 17,2020  Sheet 5 of 61 US RE47,912 E

from :
. .
LRA R

¥

fmm T B —
DT . 5 :

|




US RE47.912 E

Sheet 6 of 61

Mar. 17, 2020

U.S. Patent

/ N

b’ 1

m
m_“ d
Fol Y £ P0qs |
% ”

I B ._ —
: 5 POIaRS |
T D | pyressspms B
d._. . _H.w_.m u.me.w@_.ﬁtﬁmfm m"
. | _ } !
M ” _._.u__w a._m,
; . i
__f_._ _m m
oot (i HOOYG-GRS Y/
% L 7
,...,.. - liag e ) m
\wﬂ. mﬂam il T —_—
.

L furshnp Aaanhen g T e

a
"

= -
M e aaapansaa e

(YUY M ZHINGZ 59)
Y JEAUOdmD U0 1

9 Old

- mema |

300{3-GNs B Ulin
T BUIGTE paziead] {3

e 300308 147 PRI

1A

"} IOQIAS HOTIRRPOIA




US RE47.912 E

Sheet 7 of 61

Mar. 17, 2020

U.S. Patent

UEY F ZHINGT B9} 98
TELLRD JURHOULIOD 280 10, W

¥
=
o
el
2
=
£
=
L
/ﬁ

[ 1 R0G-gng 1
. |/

£

-
Trw, T
: il i i i
i !
\\..w - 4
--* -ﬁ-

o

FEEEE LR
I.H!.l-.-.-.l .ll..i..-l1
- ]
e -

Ko li..rl

m.uu:ﬂﬂiﬂ“ﬂ&:ﬂﬂiﬂﬂ E
.p\\ 5 %

Cfengo g ZHINGT 52

J20037 1000dwns 30 104

_m____.vm_:q__.# M

@_w Pojg-gng

_-_._.. e |.--.-‘--.F

O o]

- e T
-._...-rlpl|_|....._......._...___|..1plr.-r .......l:. "

. aulddeu
- fugeop Anganbary

-
“a
-
4.
M
P
1
. 1
v
-
L
.
.1|.-.1 1
- Lam
I|1..|l|l|| - wam

ZHINOZ B3

af” ™

- e w w whr oW W w w .

[y JOLLIED Eémm UOT 240 404

.._-1.._

e Yap0IAGE ]

£ 400]0-qn

0N w
HIOH-T rcfereree Eﬂmﬁ TA(] -
14 000-qug |

(H A20HG-qU

$O01G-GN3 & GIYIM
stsddeus pozneso; x

4 Old

HHHHHHHH

(] DSy

'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'q.'I.'I.'I.'I.'I.'I.'I.'I.'I.I.'I.'I.'I.'I.'I.'I.'I.'I'I.'I.'I.'I.'I.'I.'I."

SOOUEAS UOTTBIRDOIA




(Qnys e 208 -gsNg

.,

N [RSR—— 6% (GO e R T

ky -
o

T

-
1_.1\”|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1 - -.__-a-

/T TGNE 0T

tl LD
- .
wo l\.
Hl‘l‘ . . hl\-\
h-ﬂ.|||1|ﬂ-l|l|l|l|l-.n|1|_l..l..‘nr1.

US RE47.912 E

. N

, Y £ 900/4-90

RO R

.ﬁ.. 7H HO0[G-ONK
\ {4 420144

Sheet 8 of 61

i b Ia......l.}_._. __-_-.u

m _I._._.__.
- o ™
. ._1..rl I.lwl. v iy, . _L.I_-

e i R B B B af et

[ Bwddew el

/ :..,EEE y Asuenbal g T
7 ,V_.J@E;wi HHHE

ﬁ.ﬁ% MAZHINGT P}
_ nm.__m, ddviu nyzaeIn (v
4 JALLND JAHCUWI0D 080 Jog mm Jupddens pazied] (¥
(fungd ;e ZHINGT 5]
(i SR JE0ROMI00 WO 104

Mar. 17, 2020

8 Ol

U.S. Patent




US RE47.912 E

Sheet 9 of 61

Mar. 17, 2020

U.S. Patent

U01Is]

43

GBI
anl

i
g

llllllllllllllllllllllllll
111111111111111111111111

- aenpopy |

'
gt gt gl o o oF o o oF gl pF oF g o F of o N ¥ o ¥ ¥ ¥l

EE F FF F o F F FaF 4@ F

qqqqqqqqqqqqqqqqqqqqqqqqq

HRPOR |

“““““““““““““““

IIIIIIIIIIIIIIIIIIIIIIIII

FNNFFENFN

Ay tAE BAARJ \BE e - - -
—— -

Rliiitatg

BLEDOT)

HOPTUPOP b

il

B =¥

RUHEAY

L L L8 LR L L Bl

3o,y
(IR )

L LA L LR LA 81

oy

- Bup0)y
ety

L. B L B B L} TELEELEAN

B
FALEIR )

'I.'I.'I.I.'I.'I.I.'H'I.'I.'I.'I.'I.'I.'I'I.'I.

wonEd

e -FFaK

A8y, )

HEHA TG HRS
AT 2P0

L i L T L o T L L L L L N L T L L L L o L e o B ar o e ar G e e



U.S. Patent

Retorence §f

Mar. 17, 2020 Sheet 10 of 61

FIG. 10
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FIG. 12A

Nonmal CP case
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FiG. 13
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FIG. 15

PUCCH format 2,24 and 2b stuchare {normal CF case)
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FIG. 21
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FIG. 30A
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FIG. 37A
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METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION
IN WIRELESS COMMUNICATION SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.
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This application is a reissue application of U.S. Pat. No.
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2010, U.S. Provisional Application Ser. No. 61/298,550,
filed on Jan. 27, 2010, U.S. Provisional Application Ser. No.
61/301,160, filed on Feb. 3, 2010, U.S. Provisional Appli-
cation Ser. No. 61/305,524, filed on Feb. 17, 2010, and U.S.
Provisional Application Ser. No. 61/320,765, filed on Apr. 4,
2010, the contents of which are all hereby incorporated by
reference herein 1n their entirety.

TECHNICAL FIELD

The present invention relates to a wireless communication
system and, more particularly, to a method and apparatus for
transmitting control information. The wireless communica-
tion system can support carrier aggregation (CA).

BACKGROUND ART

Extensive research has been conducted to provide various
types of communication services including voice and data
services 1n wireless communication systems. In general, a
wireless communication system 1s a multiple access system
that supports communication with multiple users by sharing,
available system resources (e.g. bandwidth, transmission
power, etc.) among the multiple users. The multiple access
system may adopt a multiple access scheme such as Code
Division Multiple Access (CDMA), Frequency Division
Multiple Access (FDMA), Time Division Multiple Access
(TDMA), Orthogonal Frequency Division Multiple Access
(OFDMA), Single Carrier Frequency Division Multiple
Access (SC-FDMA), etc.

DISCLOSURE
Technical Problem

An object of the present invention 1s to provide a method
and apparatus for efliciently transmitting control informa-
tion 1n a wireless communication system. Another object of
the present invention 1s to provide a channel format, signal
processing method and apparatus for efliciently transmitting,
control information. Another object of the present invention
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1s to provide a method and apparatus for efliciently allocat-
ing resources for transmitting control mformation.

It will be appreciated by persons skilled 1n the art that the
objects that could be achieved with the present invention are
not limited to what have been particularly described here-
inabove and the above and other objects that the present
invention could achieve will be more clearly understood
from the following detailed description taken 1n conjunction
with the accompanying drawings.

Technical Solution

According to an aspect of the present invention, a method
for, at a user equipment (UE), transmitting control informa-
tion through a physical uplink control channel (PUCCH) 1n
a wireless communication system includes: spreading a first
modulated symbol sequence such that the first modulated
symbol sequence corresponds a plurality of single carrier-
frequency division multiplexing (SC-FDMA) symbols 1n a
first slot, to obtain a plurality of second modulated symbol
sequences corresponding to the plurality of SC-FDMA
symbols; performing a discrete Fourier transform (DFT)
precoding on the plurality of second modulated symbol
sequences to obtain a plurality of complex symbol
sequences; and transmitting the plurality of complex symbol
sequences through the PUCCH, wheremn scrambling 1s
applied to the plurality of second modulated symbol
sequences at SC-FDMA symbol level.

In another aspect of the present invention, there 1s pro-
vided a UE configured to transmit control information
through a PUCCH 1n a wireless communication system, the
UE 1including: a radio frequency (RF) unit; and a processor,
wherein the processor 1s configured to spread a first modu-
lated symbol sequence such that the first modulated symbol
sequence corresponds a plurality of SC-FDMA symbols 1n a
first slot, to obtain a plurality of second modulated symbol
sequences corresponding to the plurality of SC-FDMA
symbols, to perform a DFT precoding on the plurality of
second modulated symbol sequences to obtain a plurality of
complex symbol sequences, and to transmit the plurality of
complex symbol sequences through the PUCCH, wherein
scrambling 1s applied to the plurality of second modulated
symbol sequences at SC-FDMA symbol level.

The scrambling at SC-FDMA symbol level may be per-
formed using a product of an orthogonal code and a scram-
bling code for the spreading.

The scrambling at SC-FDMA symbol level may be per-
formed using [wi*c], wherein wi 1s a value of an 1-th element
of an orthogonal code for the spreading and ¢ 1s a scrambling
value for a corresponding SC-FDMA symbol.

A value for the scrambling may be obtained using the
following equation:

HESCEH(HS ?l):z: 1'=D?G(8N5ym E?UL.H5+81 +l) 21.?

1) 1s a cell-specific cyclic shift value, Cg j:)

wherein n__““(n,
1s a pseudo-random sequence generation function, N,

5

1s the number of SC-FDMA symbols 1n a slot, n_ 1s a slot
index, and 1 1s an SC-FDMA symbol index.
The pseudo-random sequence generation function may be

initialized using a cell ID.

Advantageous Eflects

According to embodiments of the present invention, con-
trol information can be efliciently transmitted 1n a wireless
communication system. Furthermore, a channel format and
a signal processing method for efliciently transmitting con-
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trol information can be provided. In addition, resources for
control information transmission can be efliciently allocated.

It will be appreciated by persons skilled in the art that the
cllects that could be achieved with the present invention are
not limited to what has been particularly described herein-
above and these and other advantages of the present inven-
tion will be more clearly understood from the following
detailed description taken in conjunction with the accom-
panying drawings.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 illustrates physical channels used 1n a 3GPP LT
system and a signal transmission method using the same;

FIG. 2 1illustrates an uplink signal processing procedure;

FI1G. 3 illustrates a downlink signal processing procedure;

FIG. 4 illustrates SC-FDMA and OFDMA schemes:

FI1G. 5 1llustrates a signal mapping scheme 1n a frequency
domain, which satisfies single carrier property;

FIG. 6 illustrates a signal processing procedure of map-
ping DFT process output samples to a single carrier in
clustered SC-FDMA;

FIGS. 7 and 8 1llustrate a signal processing procedure of
mapping DFT process output samples to multiple carriers in
clustered SC-FDMA:;

FIG. 9 illustrates a
mented SC-FDMA;

FI1G. 10 1llustrates an uplink subirame structure;

FIG. 11 illustrates a signal processing procedure for
transmitting a reference signal (RS) on uplink;

FIG. 12 1illustrates a demodulation reference signal
(DMRS) structure for PUSCH;

FIGS. 13 and 14 illustrate slot level structures of PUCCH
formats la and 1b;

FIGS. 15 and 16 illustrate slot level structures of PUCCH
formats 2/2a/2b:

FIG. 17 illustrates ACK/NACK
PUCCH formats 1a and 1b;:

FI1G. 18 illustrates channelization for a hybrid structure of
PUCCH formats 1/1a/1b and 2/2a/2b 1n the same PRB;:

FI1G. 19 illustrates PRB allocation for PUCCH transmis-
S101;

FI1G. 20 illustrates a concept of management of downlink
component carriers in a base station (BS);

FIG. 21 illustrates a concept of management of uplink
component carriers in a user equipment (UE);

FIG. 22 illustrates a concept of management of multiple
carriers by one MAC layer 1n a BS;

FIG. 23 illustrates a concept of management of multiple
carriers by one MAC layer in a UE;

FIG. 24 illustrates a concept of management of multiple
carriers by multiple MAC layers 1n a BS;

FIG. 25 1llustrates a concept of management of multiple
carriers by multiple MAC layers 1n a UE;

FI1G. 26 1llustrates a concept of management of multiple
carriers by multiple MAC layers 1n a BS;

FI1G. 27 1llustrates a concept of management of multiple
carriers by one or more MAC layers 1n a UE;

FIG. 28 illustrates asymmetrical carrier aggregation in

which a plurality of DL CCs are linked to one UL CC;

[T]
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10

15

20

25

30

35

40

45

50

55

60

65

4

FIGS. 29 and 30 illustrate a PUCCH format and a signal
processing procedure for the same according to an embodi-

ment of the present invention;

FIGS. 31 to 34 illustrate a PUCCH format and a signal
processing procedure for the same according to another
embodiment of the present invention;

FIGS. 35 to 42 illustrate PUCCH resources according to
an embodiment of the present invention;

FIG. 43 illustrates a signal processing procedure for
transmitting a PUCCH through multiple antennas according
to an embodiment of the present invention;

FI1G. 44 illustrates a PUCCH format and a signal process-
ing procedure for the same according to another embodi-
ment of the present invention;

FIGS. 45 to 56 illustrate PUCCH resource allocation

according to an embodiment of the present invention;
FIG. 57 illustrates coexistence of different PUCCH for-

mats according to an embodiment of the present invention;
FIG. 58 illustrates results obtained when only an RS 1s

used and when the RS and control information are used
together to detect all-DTX state; and
FIG. 59 illustrates configurations of a BS and a UE

applicable to the present invention.

BEST MODE

Embodiments of the present invention are applicable to a
variety ol wireless access technologies such as Code Divi-
sion Multiple Access (CDMA), Frequency Division Mul-
tiple Access (FDMA), Time Division Multiple Access
(TDMA), Orthogonal Frequency Division Multiple Access
(OFDMA), Single Carrier Frequency Division Multiple
Access (SC-FDMA), etc. CDMA can be implemented as a
wireless technology such as Universal Terrestrial Radio
Access (UTRA) or CDMA2000. TDMA can be imple-
mented as a wireless technology such as Global System for
Mobile communications (GSM)/General Packet Radio Ser-
vice (GPRS)Enhanced Data Rates for GSM Evolution
(EDGE). OFDMA can be implemented as a wireless tech-
nology such as Institute of Flectrical and Electronics Engi-
neers (IEEE) 802.11 (Wireless Fidelity (Wi-Fi1)), IEEE
802.16 (Worldwide interoperability for Microwave Access
(WiIMAX)), IEEE 802.20, Evolved UTRA (E-UTRA).
UTRA 1s a part of Universal Mobile Telecommunications
System (UMTS). 3" Generation Partnership Project (3GPP)
Long Term Evolution (LTE) 1s a part of Evolved UMTS
(E-UMTS) using E-UTRA. LTE-Advanced (LTE-A) 1s an
evolution of 3GPP LTE. While the following description 1s
grven, centering on 3GPP LTE/LTE-A for clarty of descrip-
tion, this 1s purely exemplary and thus should not be
construed as limiting the present invention.

In a wireless commumnication system, a UE receives
information from a BS through downlink and transmits
information to the BS through uplink. Information transmiut-
ted and received between the BS and the UE includes data
and various types of control information. Various physical
channels are present according to type/usage of information
transmitted and received between the BS and the UE.

FIG. 1 1llustrates physical channels used 1n a 3GPP LTE
system and a signal transmission method using the same.

When powered on or when a UE 1mitially enters a cell, the
UE performs imitial cell search mmvolving synchronization
with a BS 1n step S101. For initial cell search, the UE may
be synchromized with the BS and acquire information such
as a cell Identifier (ID) by receiving a Primary Synchroni-
zation Channel (P-SCH) and a Secondary Synchronization
Channel (5-SCH) from the BS. Then the UE may receive
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broadcast information from the cell on a Physical Broadcast
Channel (PBCH). In the mean time, the UE may determine
a downlink channel status by receiving a Downlink Refer-
ence Signal (DL RS) during mnitial cell search.

After initial cell search, the UE may acquire more specific
system 1nformation by receiving a Physical Downlink Con-
trol Channel (PDCCH) and receirving a Physical Downlink
Shared Channel (PDSCH) based on information of the
PDCCH 1n step S102.

The UE may perform a random access procedure to
access the BS 1n steps S103 to S106. For random access, the
UE may transmit a preamble to the BS on a Physical
Random Access Channel (PRACH) (S103) and receive a
response message for preamble on a PDCCH and a PDSCH
corresponding to the PDCCH (S104). In the case of con-

tention-based random access, the UE may perform a con-
tention resolution procedure by further transmitting the
PRACH (S105) and receiving a PDCCH and a PDSCH
corresponding to the PDCCH (S106).

After the foregoing procedure, the UE may receive a
PDCCH/PDSCH (S107) and transmit a Physical Uplink
Shared Channel (PUSCH)/Physical Uplink Control Channel
(PUCCH) (5108), as a general downlink/uplink signal trans-
mission procedure. Here, control information transmitted
from the UE to the BS 1s called uplink control information
(UCI). The UCI may include a Hybrid Automatic Repeat
and request Acknowledgement/Negative-ACK (HARQ
ACK/NACK) signal, scheduling request (SR), a Channel
Quality Indicator (CQI), a Precoding Matrix Index (PMI), a
Rank Indication (RI) ctc. While the UCI 1s transmitted
through a PUCCH 1n general, it may be transmitted through
a PUSCH when control information and traflic data need to
be simultaneously transmitted. The UCI may be aperiodi-
cally transmitted through a PUSCH at the request/instruction
ol a network.

FIG. 2 illustrates a signal processing procedure through
which a UE transmits an uplink signal.

To transmit the uplink signal, a scrambling module 210 of
the UE may scramble the uplink signal using a UE-specific
scramble signal. The scrambled signal 1s mput to a modu-
lation mapper 220 1n which the scrambled signal 1s modu-
lated 1nto complex symbols using Binary Phase Shift Keying
(BPSK), Quadrature Phase Shift Keying (QPSK) or
16-Quadrature amplitude Modulation (QAM)/64-QAM
according to signal type and/or channel status. The modu-
lated complex symbols are processed by a transform pre-
coder 230, and then applied to a resource element mapper
240. The resource element mapper 240 may map the com-
plex symbols to time-frequency resource elements. The
signal processed 1n this manner may be subjected to an
SC-FDMA signal generator 250 and transmitted to a BS
through an antenna.

FIG. 3 1llustrates a signal processing procedure through
which the BS transmits a downlink signal.

In a 3GPP LTE system, the BS may transmit one or more
codewords on downlink. The codewords may be processed
into complex symbols through a scrambling module 301 and
a modulation mapper 302 as 1n the uplink shown in FIG. 2.
Then, the complex symbols are mapped to a plurality of
layers by a layer mapper 303. The layers may be multiplied
by a precoding matrix 1 a precoding module 304 and
allocated to transport antennas. The processed signals for the
respective antennas may be mapped to time-frequency
resource elements by a resource element mapper 305 and
subjected to an OFDM signal generator 306 to be transmit-
ted through the antennas.
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When the UE transmits an uplink signal in a wireless
communication system, a peak-to-average ratio (PAPR)
becomes a problem, as compared to a case 1n which the BS
transmits a downlink signal. Accordingly, uplink signal
transmission uses SC-FDMA while downlink signal trans-

mission uses OFDMA, as described above with reference to
FIGS. 2 and 3.

FIG. 4 illustrates SC-FDMA and OFDMA schemes. The
3GPP system employs OFDMA 1n downlink and uses SC-
FDMA 1n uplink.

Referring to FIG. 4, both a UE for transmitting an uplink
signal and a BS for transmitting a downlink signal include
a serial-to-parallel converter 401, a subcarrier mapper 403,
an M-point IDEFT module 404, and a cyclic prefix (CP) adder
406. The UE for transmitting a signal according to SC-
FDMA additionally includes an N-point DFT module 402.

FIG. 5 1llustrates a signal mapping scheme 1n a frequency
domain, which satisfies single carrier property. FIG. 5(a)
illustrates a localized mapping scheme and FIG. 5B 1llus-

trates a distributed mapping scheme.
Clustered SC-FDMA, which 1s a modified version of

SC-FDMA, will now be described. Clustered SC-FDMA
divides DFT process output samples into sub-groups in a
subcarrier mapping process and discretely maps the sub-
groups to the frequency domain (or subcarrier domain).

FIG. 6 illustrates a signal processing procedure for map-
ping DFT process output samples to a single carrier in
clustered SC-FDMA. FIGS. 7 and 8 illustrate a signal
processing procedure for mapping DFT process output
samples to multiple carriers 1n clustered SC-FDMA. FIG. 6
shows an example of application of intra-carrier clustered
SC-FDMA while FIGS. 7 and 8 show examples of applica-
tion of 1ntercarrier clustered SC-FDMA. FIG. 7 1llustrates a
case 1n which a signal i1s generated through a single IFFT
block when subcarrier spacing between neighboring com-
ponent carriers 1s set while component carriers are contigu-
ously allocated 1n the frequency domain. FIG. 8 shows a
case 1 which a signal 1s generated through a plurality of
IFFT blocks when component carriers are non-contiguously
allocated 1n the frequency domain.

FIG. 9 illustrates a signal processing procedure in seg-
mented SC-FDMA.

Segmented SC-FDMA 1s a simple extension of the DFT
spreading and IFFT subcarrier mapping structure of the
conventional SC-FDMA, when the number of DFT blocks 1s
equal to the number of IFFT blocks and thus the DFT blocks
and the IFFT blocks are in one-to-one correspondence.
While the term ‘segmented SC-FDMA'’ 1s adopted herein, 1t
may also be called NxSC-FDMA or NxDFT spread
OFDMA (NxDFT-s-OFDMA). Referring to FIG. 9, the
segmented SC-FDMA 1s characterized in that total time-
domain modulated symbols are divided into N groups (N 1s
an integer larger than 1) and a DFT process 1s performed on
a group-by-group basis to relieve the single carrier property
constraint.

FIG. 10 1llustrates an uplink subirame structure.

Retferring to FIG. 10, an uplink subframe includes a
plurality of slots (e.g. two slots). The slots may include
different numbers of SC-FDMA symbols according to CP
length. For example, the slot can include 7 SC-FDMA
symbols 1 case of normal CP. The uplink subframe 1s
divided into a data region and a control region. The data
region includes a PUSCH and 1s used to transmit a data
signal such as audio data. The control region includes a
PUCCH and 1s used to transmit UCI. The PUCCH includes
RB pairs (e.g. 7 RB pairs 1n frequency mirrored positions,
and m=0, 1, 2, 3, 4) located on both ends of the data region
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in the frequency domain and 1s hopped based on slots. The
UCI includes HARQ ACK/NACK, CQI, PMI, RI, etc.

FIG. 11 illustrates a signal processing procedure for
transmitting a reference signal (RS) on uplink. While data 1s
converted mto a frequency domain signal through a DFT
precoder, frequency-mapped, and then transmitted through
IFFT, an RS does not passes the DFT precoder. Specifically,
an RS sequence generated in the frequency domain (S11) 1s
sequentially subjected to localization mapping (S12), IFFT
(S13) and CP addition (S14) to be transmuitted.

RS sequence r, (o) 1s defined by cyclic shift a of a base
sequence and may be represented by Equation 1.

L(10),0sn=M__ RS [Equation 1]

Here, M_"“=mN_** denotes the length of the RS
sequence, NSCRB denotes a resource block size on a subcar-
rier basis, 1=sm=N,."**%" and N,.”**“" represents a
maximum uplink transmission bandwidth.

Base sequence r,, ,(n) is divided into several groups. ue{0,
1, ..., 29} denotes a group number and v corresponds to a
base sequence number 1n a corresponding group. Each group
includes one base sequence (v=0) having a length of
M_"=m N_** (1=ms5) and two base sequences (v=0,1)
having a length of M_**=mN_** (6=sm=M,."“"*). The
sequence group number u and base sequence number v 1n the
corresponding group may vary with time. Base sequence
r, (0), . r F(MSCRS—I) 1s defined according to sequence
length M RS

A base sequence having a length of longer than can be
defined as follows.

For M_"=3N_"# base sequence r,,(0), . . . .
(M RS—I) is glven by the following Equation 2.

r, S (m)=e/"T,

Eu?v(ﬂ):}{q(ﬂ mod NZCRS):OEH{MSERS [EC_[UHtiDIl 2]

Here, the g-th root Zadofl-Chu sequence can be defined
by the following Equation 3.

_.agmim+l)

RS
Nzc

|Equation 3]

Xg(m) =¢ ,0=m= N2 -1

Here, q satisifes the following Equation 4.

q=lg+ya v (-1l

q=N_-(u+1)/31 [Equation 4]

u

o -1 3 1 -3 3 -1 1

l1 -3 3 -3 -3 -3 1 -3

2 3 -1 3 3 1 1 =3

3 -1 -3 1 1 3 -3 1

4 -1 -1 -1 -3 -3 -1 1

5 =3 1 3 -1 1 3

6 1 -1 -1 3 -3 -3

7 -3 3 3 -1 -1 -3 -1

8 -3 3 -3 1 -1 -3

9 1 1 -3 3 3 -1 -3 -
o -1 1 -3 -3 3 -1 3 -
11 1 3 3 -3 -3 1 3
12 1 3 3 ] 1 1 -1 -
3 3 -1 -1 -1 -1 -3 -1
14 -3 -3 3 3 1 =3
15 -1 -1 1 -3 1 3 =3
16 -1 -3 3 -1 -1 -1 -1
17 3 -1 3 3 -1 -3
18 1 1 1 1 -1 3 -
19 3 3 1 -1 -3 3 -
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The length N> of the Zadoff-Chue sequence is given
by the largest prime number, and thus N_ <M _*° is
satisfied.

A base sequence having a length of less than 3N_** can
be defined as follows. The base sequence 1s given by the

following Equation 5 for M_*=N_** and M_"*>=2N_**

Eu,v(ﬂ):e’iq)(”ﬁfdﬁﬂﬂﬂMSCRS [Equation 5]

Here, for M_"*=N_*% and M_""=2N_** @(n) is given
as shown 1n Tables 1 and 2, respectively.

TABLE 1

u ¢(0), ..., ¢(11)
0 - 1 3 =3 3 3 1 1 3 1 -3 3
1 1 3 3 3 = 1 -3 =3 1 -3 3
2 1 -3 -3 =3 - -3 =3 “ -3 1 -1
3 - 1 1 1 1 - -3 =3 -3 3 -1
4 - 3 1 -1 1 -1 -3 -1 -1 1 3
> 1 -3 3 -1 -1 1 1 -1 -1 3 =3 1
6 -1 3 -3 -3 =3 3 1 =] 3 3 =3 1
7 -3 -1 -1 -1 1 -3 3 - -3 3 1
8 1 -3 3 1 -1 -1 -1 1 1 3 -1 1
9 1 -3 -1 3 3 -1 -3 1 1 1 1 1
1o -1 3 -1 ‘ 1 -3 -3 -1 =3 =3 3 -1
11 3 1 -1 - 3 3 =3 1 3 1 3 3
12 1 -3 1 -3 1 1 -3 -3 -3 1
13 3 3 -3 3 =3 1 3 -1 =3 3 3
4 -3 1 -1 =3 -1 3 3 3 3 -1 1
15 3 -1 -3 -1 -1 1 3 -1 =3
16 1 3 -1 1 3 3 3 -1 - 3 -1
17 -3 1 3 =3 3 -3 -3 3 3 -1
18 -3 3 | 1 =3 L -3 -3 -1 - 1 =3
19 - 3 1 3 1 -1 -1 3 =3 - -3 -1
20 -1 -3 1 1 1 1 3 1 -1 -3 -1
21 - 3 -1 1 -3 -3 -3 -3 =3 -1 =3
22 -3 -3 -3 =3 -1 3 =3 -3 3
23 -1 -3 -1 =3 1 - 1 3 -1 1
24 3 1 3 3 -1 -1 -3 =3 1
25 1 -3 3 3 1 3 3 -3 -1 -1 3
20 1 3 -3 -3 3 =3 1 - -1 3 -1 -3
27 -3 -1 -3 -1 -3 3 1 - 1 3 -3 =3
28 -1 3 -3 3 -1 3 3 =3 3 3 -1 -1
29 3 -3 -3 -1 -1 -3 -1 3 =3 3 1 -1

TABLE 2
¢(0), . .., P(23)

31 3 -3 3 1 1 -1 1 3 -3 3 -3 -1 -3
3 -1 1 1 1 3 1 -1 3 -3 -3 1 3 1 1 -3
3 3 3 1 -1 3 -1 1 1 -1 -3 -1 -1 1 3 3
-3 -1 -1 1 3 1 3 1 -1 3 1 1 -3 -1 -3 -
3 3 -1 3 -1 -1 -3 1 -1 -3 -3 1 -3 -1 -1
1 -3 1 1 -1 - 3 -1 -3 3 -3 -3 -3 1 1
1 -1 -1 1 - 1 -1 -3 - 1 -1 3 -1 =3
1 3 3 1 - 3 1 -1 3 -3 -1 -1 1
-3 3 -1 -1 -1 - -3 =3 -3 -3 -3 -3 1 =3
3 -3 3 3 3 -1 1 1 -3 1 - 1 1 -3 1 1
-3 -3 -3 -1 -3 -3 1 -1 1 3 3 -1 1 -1 3
-3 -3 -3 3 3 -3 3 3 -1 -3 3 -1 1 -3 1
-3 3 -1 1 1 -3 3 3 -1 -3 3 -3 -1 -3 -1
3 1 -1 1 3 3 3 -] l1 1 -3 1 3 -1 -3 3
3 1 1 3 3 -1 -1 -3 1 -3 -1 3 1 1 3
-3 -1 3 1 3 -1 -3 -3 -1 -1 -3 -3 -3 -1
-3 3 1 3 3 - 1 -3 1 -3 1 1 -3 -
1 -3 3 3 3 - 1 3 -1 -3 -1 -1 -1 -1
-3 1 1 3 -3 -3 - 1 -3 -3 1 1 -3
3 3 -3 1 - 1 -1 -3 - 1 3 -1 3 -3 -3
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TABLE 2-continued

u ¢(0), . .., P(23)

0 -1 -3 3 -3 -3 -3 -1 -1 -3 -1 -3 3 1 3 =3
21 -3 -3 1 1 -1 1 -1 1 -1 3 1 -3 -1 1 -1
2 -3 -1 -3 3 1 -1 -3 -1 -3 -3 3 -3 3 -3 -1
23 -1 -1 -1 -1 3 3 3 1 3 3 -3 1 3 -] 3
24 1 - 3 3 -1 -3 3 -3 -1 -1 3 -1 3 -1 -1
25 1 - !l -1 3 -1 3 1 1 -1 -1 -3 1 -3
26 -3 - 1 3 1 1 -3 -1 -1 -3 3 -3 3 -3
2y -1 -3 3 3 1 1 3 -1 -3 -1 -1 -1 3 1 =3
2 -1 -3 -1 -1 1 -3 -1 -1 1 -1 -3 1 1 -3

22 1 1 -1 -1 -3 -1 3 -1 3 -1 1 3 1 -1

RS hopping will now be described.

The sequence group number u in slot n_ can be defined by
group hopping pattern _,(n,) and a sequence-shift pattern
.. according to Equation 6.

u=(1,;(n,)+t;)mod 30 [Equation 6]

Here, mod denotes a modulo operation.

There are 17 different hopping patterns and 30 different
sequence-shift patterns. Sequence group hopping may be
enabled or disabled by means of a parameter that enables
group hopping and 1s provided by higher layers.

PUCCH and PUSCH have the same hopping pattern but
may have diflerent sequence-shift patterns.

The group hopping pattern £ ,(n,) 1s the same for PUSCH
and PUCCH and given by the following Equation 7.

fon(ng) = |Equation 7]

( 0 1f group hopping 1s disabled

4 7 i
[Z c(8ng +1)- 2 ]mmd?;ﬂ 1f group hopping i1s enabled
\, I:D

Here, c(1) corresponds to a pseudo-random sequence and
the pseudo-random sequence generator may be initialized
with

Niz!
- 3 0 -

Cinit =

at the beginning of each radio frame.
Ters between PUCCH and

Sequence-shift pattern f__ di
PUSCH.

For PUCCH, sequence-shift pattern .~ “““* is given by
f PUCCHN, " mod 30. For PUSCH, sequence shift pat-
tern 7> is given by f_ Y= FY““+A_Omod 30.

Ay

A €0, 1, ..., 29} is configured by higher layers.

Sequence hopping will now be described.

Sequence hopping only applies for reference signals of
length M_ 26N _*%

For reference signals of length M_ *°26N_ " the base

sequence number v within the base sequence group 1s given
by v=0.

For reference signals of length M_*°26N_ " the base
sequence number v within the base sequence group in slotn,
1s given by the following Equation 8.
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3 - 1 -1 3 -3 -1
-1 - 3 3 -3 -1 1 =3
3 -3 1 3 3 -1 =3
3 3 -3 3 1 -1 3 3
1 1 1 -1 -1 -3 -1 3
3 -3 1 1 -3 -3 -1 -1
-3 1 -1 1 -3 1 1 1
-1 3 -3 -1 -3 -1 -3 -1
-3 3 1 1 -1 3 -1 -1
3 -3 -3 1 -1 -1 1 3
( 1f group hopping 1s disabled and |Equation 8]
c(ng) .
vV = sequence hopping 1s enabled
0 otherwise

)

Here, c(1) corresponds to the pseudo-random sequence
and a parameter that 1s provided by higher layers and enables
sequence hopping determines 1f sequence hopping 1s
enabled or not. The pseudo-random sequence generator may
be 1mitialized with

cell
N.’D

.95 | pPUSCH
- 30 - 5%

Cinit =

at the beginning of each radio frame.

A reference signal for PUSCH 1s determined as follows.
Reference signal sequence r““~““(+) for PUSCH is

defined by r"“*“"(m-M_ **+n)=r, ‘“(n) where

m=20,1

,ME ]

n=0, ...

and MSCRS:MSCPUSCH.

A cyclic shift is given by a=2"=/12 and n_=(n,,, "+
N+ (0. )mod 12 in one slot.

Here, n,,,,.<" is a broadcast value, n,,,,,<" is given by
uplink scheduling allocation, and n,,J{n.) 1s a cell-specific
cyclic shift value. n,, (n_) varies with slot number n_ and 1s
given by np,dn)=2.,"c(8n+i)-2".

Here, c(i1) denotes the psedo-random sequence and 1s a
cell-specific value. The psedo-random sequence generator
may be mitialized with

cell
N,’D

A5 |, cPUSCH
_ 20 | 27+t

Cinit =

at the beginning of each radio frame.
Table 3 shows a cyclic shift field and n,,,,-<* in down-

link control information (DCI) format O.

TABLE 3
Cyeclic shift field in DCI format O Noises
000 0
001 2
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TABLE 3-continued
Cyclic shift field in DCI format O Nrarss™
010 3
011 4
100 6
101 8
110 9
111 10

A physical mapping method for an uplink RS 1n a PUSCH
will now be described.

The sequence 1s multiplied with the amplitude scaling
factor B;<~z and mapped to the same set of a physical
resource block (PRB) used for the corresponding PUSCH in
a sequence starting with r’ “~“?(0). Mapping to resource
clements (k,1), with 1=3 for normal CP and 1=2 for extended
CP, 1n the subiframe will be 1n increasing order of first k, then
the slot number.

In summary, a ZC sequence 1s used with cyclic extension
for length 3N_** or larger, whereas a computer generated
sequence 1S used for length less than 3N_ *“. A cyclic shift
1s determined according to cell- spemﬁc cychc shift, UE-
specific cyclic shift and hopping pattern.

FIG. 12a shows a DMRS structure for PUSCH 1n case of
normal CP and FIG. 12b shows a DMRS structure for
PUSCH 1n case of extended CP. A DMRS 1s transmitted
through the fourth and eleventh SC-FDMA symbols 1n FIG.
12a and transmitted through the third and ninth SC-FDMA
symbols 1n FIG. 12b.

FIGS. 13 to 16 illustrate slot level structures of PUCCH

formats. A PUCCH has the following formats 1n order to
transmit control information.

(1) Format 1: on-ofl keying (OOK) modulation, used for
scheduling request (SR).

1b: used tor ACK/NACK transmis-

(2) Formats 1a and
S1011.

1) Format 1la: BPSK ACK/NACK {for one codeword
2) F 1b: QPSK ACK/NACK for two codewords

“ormat
(3) Format 2: QPSK modulation, used for CQI transmis-
$101.

(4) Formats 2a and 2b: used for simultaneous transmis-
sion of CQI and ACK/NACK

Table 4 shows modulation schemes according to PUCCH
format and the number of bits per subirame. Table 5 shows
the number of RSs per slot according to PUCCH format and

Table 6 shows SC-FDMA symbol position in an RS accord-
ing to PUCCH format. In Table 4, PUCCH formats 2a and
2b correspond to normal CP.

TABLE 4

PUCCH Number of bits per
format Modulation scheme subframe (M,;,)

1 N/A N/A

la BPSK 1

1b QPSK 2

2 QPSK 20

2a QPSK + BPSK 21

2b QPSK + BPSK 22
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TABLE 5
PUCCH
format Normal CP Extended CP
1, 1a, 1b 3 2
2 2 1
2a, 2b 2 N/A
TABLE 6
PUCCH SC-FDMA symbol position in RS
format Normal CP Extended CP
1, 1a, 1b 2,3, 4 2,3
2, 2a, 2b 1,5 3

FIG. 13 illustrates PUCCH formats 1a and 1b in case of
normal CP and FIG. 14 illustrates PUCCH formats 1a and 1b
in case of extended CP. In PUCCH formats 1a and 1b, the
same control mnformation i1s repeated 1n a subirame on a
slot-by-slot basis. ACK/NACK signals are respectively
transmitted from UEs through dif
by different cyclic shifts (CSs) (frequency domain codes)
and orthogonal cover codes (OCs or OCCs) (time domain

‘erent resources configured

spreading codes) of a computer-generated constant ampli-

tude zero auto correlation (CG-CAZAC) sequence. An OC

includes a Walsh/DFT orthogonal
number of CSs 1s 6 and the number of OCs 1s 3, a total of

code, for example. If the

18 UEs can be multiplexed in the same physical resource
block (PRB) on a single antenna basis. Orthogonal
sequences wO,wl,w2,w3 may be applied in the arbitrary
time domain (aiter FF'T modulation) or in the arbitrary
frequency domain (prior to FFT modulation).

An ACK/NACK resource composed of CS, OC and PRB
may be given to a UE through radio resource control (RRC)
for SR and persistent scheduling. The ACK/NACK resource
may be mmplicitly provided to the UE by the lowest CCE
index of a PUCCH corresponding to a PDSCH for dynamic
ACK/NACK and non-persistent scheduling.

FIG. 15 1llustrates PUCCH {formats 2/2a/2b 1n case of
normal CP and FIG. 16 illustrates PUCCH formats 2/2a/2b
in case of extended CP. Referring to FIGS. 15 and 16, one
subirame mcludes 10 QPSK data symbols 1n addition to RS
symbols 1n case of normal CP. Each of the QPSK symbols
1s spread 1n the frequency domain by CS and then mapped
to the corresponding SC-FDMA symbol. SC-FDMA symbol
level CS hopping may be applied to randomize inter-cell
interference. An RS may be multiplexed by CDM using CSs.
For example, 1f the number of available CSs 1s 12 or 6, 12
or 6 UEs can be multiplexed 1n the same PRB. That 1s, a
plurality of UEs can be multiplexed by CS+OC+PRB and
CS+PRB 1 PUCCH formats 1/1a/1b and 2/2a/2b respec-

tively.

Orthogonal sequences with length-4 and length-3 for

PUCCH formats 1/1a/1b are shown in Table 7 and Table 8.
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TABLE 7

[ength-4 orthogonal sequences for PUCCH formats 1/1a/lb

Orthogonal sequences

Sequence index n__(n_) [W(0) ... wNF Y~ 1]

0 +1 +1 +1 +1

1 +1 -1 +1 -1

2 +1 -1 -1 +1
TABLE 8

[.ength-3 orthogonal sequences for PUCCH formats 1/1a/1b

Orthogonal sequences

Sequence mdex n__.(n,) [w(0) ... w(N G VeH 1))

0 (11 1]
1 [1 ejE:n:f.?r ejﬁl:rlir'r.}]
p) [1 ejﬁl:n:f.?r ejEm’B]

Orthogonal sequences for RS in PUCCH formats 1/1a/1b
are shown 1n Table 9.

TABLE 9

la and 1b

Sequence index n_.(n,) Normal cyclic prefix Extended cyclic prefix

0 111]
[1 ejE:n:r’S ejﬁlm’.?r]
2 [1 ej4ﬂ'ﬂf’3 ej2m’3]

[1 1]
[1 -1]
N/A

 —

p—

M; 0o M;

O 00 -1 O i W — OO0~ W — O
O R O L O RO RO O, OO R —= OO

FIG. 17 1illustrates ACK/NACK channelization {for

PUCCH formats 1a and 1b. FIG. 17 corresponds to a case of

A PUCCH
shift '

FI1G. 18 illustrates channelization for a hybrid structure of
PUCCH formats 1/1a/1b and 2/2a/2b 1n the same PRB.

CS hopping and OC remapping may be applied as fol-
lows.

(1) Symbol-based cell-specific CS hopping for random-
ization of inter-cell interference

(2) Slot level CS/OC remapping
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1) For inter-cell interference randomization

2) Slot-based access for mapping between ACK/NACK
channels and resources (k)

Resource n, tor PUCCH formats 1/1a/l1b includes the
following combination.

(1) CS (corresponding to a DFT orthogonal code at a
symbol level) n__

(2) OC (orthogonal code at a slot level) n_
(3) Frequency resource block (RB) n ,

A representative index n,, includes n_, n__. and n,,, where
indexes indicating CS, OC and RB are n_, n__, and n_,,

C5 2 o

respectively. Here, n, satisfies n=(n_, n__, n ).

CQI, PMI, RI and a combination of CQI and ACK/NACK
may be transmitted through PUCCH formats 2/2a/2b. In this

case, Reed-Muller (RM) channel coding 1s applicable.

For example, channel coding for a UL CQI 1 an LTE
system 1s described as follows. Bit stream a,, a,, a,,
a) ...,a, ,1s channel-coded using RM code (20,A). Table
10 shows a base sequence for code (20,A). Here, ajand a ,_,
denote the most significant bit (MSB) and the least signifi-

cant bit (LSB). In the case of extended CP, a maximum

number of information bits 1s 11 in cases other than a case

in which CQI and ACK/NACK are simultaneously trans-
mitted. The UL CQI may be subjected to QPSK modulation
after being coded 1nto 20 bits using the RM code. The coded
bits may be scrambled before being subjected to QPSK

modulation.
TABLE 10
> M; 3 M; 4 M;s5 M, M; 7 M, 5 M, 9 M; 10 M; 11 M; 15

0 0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 1 1 1 0

0 0 1 0 1 1 1 1 1

0 g 0 g 1 0 1 1 1

0 0 0 1 0 0 1 1 1
g 1 g 1 1 1 0 1 1 1
0 1 0 1 0 1 1 1 1 1
1 1 0 0 1 1 0 1 1 1
1 1 0 0 1 0 1 1 1 1
1 1 0 1 0 0 1 1 1 1
0 0 “ 1 1 0 1 1 1 1
0 0 1 0 1 0 1 1 1
1 0 0 1 1 1 1 1 1
1 0 0 1 0 1 1 1 1
g 1 0 1 0 0 1 g 1
0 1 1 1 0 1 1 0 1
g 1 1 g 0 1 0 1 1
1 1 0 0 1 0 0 1 1
1 1 1 1 0 0 0 g 0
0 0 1 0 0 0 0 0 0

Channel-coded bits b,, b,, b,, b,, . .
generated by Equation 9.

., by, may be

L
[—

[Equation 9]

b; =

M

(a, - M; ,, ) mod2

|l
-

Here, 1=0, 1, 2, . . ., B-1.
Table 11 shows an uplink control information (UCI) field
for wideband (single antenna port, transmait diversity or open

loop spatial multiplexing PDSCH) CQI feedback.
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TABLE 11

Field Band

Wideband CQI 4

Table 12 shows a UCI field for wideband CQI and PMI

teedback. This field reports closed loop spatial multiplexing
PDSCH transmission.

TABLE 12
Band
2 antenna ports 4 antenna ports

Field Rank =1 Rank =2 Rank = 1 Rank > 1
Wideband CQI 4 4 4 4

Spatial 0 3 0 3

differential

CQI

PMI (Precoding 2 1 4 4

Matrix Index)

Table 13 shows a UCI field for RI teedback for wideband
report.

TABLE 13
Bit widths
4 antenna ports
2 antenna Maximum 2 Maximum 4
Field ports layers layers
RI (Rank 1 1 2
Indication)

FIG. 19 illustrates PRB allocation. As shown 1n FIG. 19,
a PRB may be used for PUCCH transmission in slot n..

A multi-carrier system or a carrier aggregation system
means a system using aggregation of a plurality of carriers
having a bandwidth narrower than a target bandwidth for
supporting wideband. When the plurality of carriers having
a bandwidth narrower than the target bandwidth are aggre-
gated, the bandwidth of the aggregated carriers may be
limited to the bandwidths used in existing systems for
backward compatlblhty with the existing systems. For
example, an LTE system supports bandwidths of 1.4 MHz,
3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz and an
LTE-A system evolved from the LTE system can support
bandwidths wider than 20 MHz by using bandwidths sup-
ported by the LTE system. Alternatively, a new bandwidth
may be defined to support carrier aggregation irrespective of
the bandwidths used in existing systems. The term ‘multi-
carrier’ can be used with carrier aggregation and bandwidth
aggregation. Carrier aggregation collectively refers to both
contiguous carrier aggregation and non-contiguous carrier
aggregation.

FI1G. 20 illustrates a concept of management of downlink
component carriers 1n a BS and FIG. 21 1llustrates a concept
of management of uplink component carriers 1n a UE. For
convenience of description, higher layers are simply referred
to as a MAC layer in the following description.

FI1G. 22 1llustrates a concept of management of multiple
carriers by one MAC layer in a BS and FIG. 23 illustrates
a concept of management of multiple carriers by MAC layer
in a UE.
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Retferring to FIGS. 22 and 23, one MAC layer manages
and operates one or more frequency carriers for transmission
and reception. In this case, resource management 1s flexible
because frequency carriers managed by one MAC layer need
not be contiguous. In FIGS. 22 and 23, one PHY layer
corresponds to one component carrier. Here, one PHY layer
does not necessarlly mean an imndependent radio frequency
(RF) device. While one independent RF device means one
PHY layer in general, one RF device i1s not limited thereto
and may include multiple PHY layers.

FIG. 24 illustrates a concept of management of multiple
carriers by multiple MAC layers 1n a BS and FIG. 25
illustrates a concept of management ol multiple carriers by
multiple MAC layers 1n a UE. FIG. 26 illustrates a concept
of management of multiple carriers by multiple MAC layers
in a BS and FIG. 27 1llustrates a concept of management of
multiple carriers by one or more MAC layers 1n a UE.

Distinguished from the structures shown n FIGS. 22 and
23, multiple carriers may be controlled by multiple MAC
layers as shown in FIGS. 24 to 27.

Multiple MAC layers may control one-to-one multiple

carriers as shown in FIGS. 24 and 25. Referring to FIGS. 26
and 27, MAC layers may control one-to-one some carriers
and one MAC layer may control other carriers.
The above-described system includes one to N carriers
which are contiguous or non-contiguous. This can be applied
in both uplink and downlink. A TDD system 1s configured
such that N carniers for downlink transmission and uplink
transmission are operated and an FDD system 1s configured
such that multiple carriers are respectively used for uplink
and downlink. The FDD system may support asymmetrical
carrier aggregation in which the numbers of aggregated
carriers and/or carrier bandwidths are different between
uplink and downlink.

When the number of aggregated component carriers in
uplink equals that of downlink, it 1s possible to configure all
component carriers such that they are compatible with the
existing systems. However, the configurations of component
carriers that are not considered to be compatible with the
existing systems are not excluded from the present inven-
tion.

While the following description 1s made on the assump-
tion that, when a PDCCH 1s transmitted using downlink
component carrier #0, a PDSCH corresponding to the
PDCCH 1s transmitted through downlink component carrier
#0, 1t 1s apparent that the PDSCH can be transmitted through
a different downlink component carrier using cross-carrier
scheduling. The term ‘component carrier’ can be replaced
with an equivalent term (e.g. cell).

FIG. 28 1llustrates a scenario of transmitting UCI 1n a
wireless communication system that supports carrier aggre-
gation. This scenario 1s based on the assumption that UCI 1s
ACK/NACK mformation. However, this 1s exemplary and
UCI can include control information such as channel status
information (e.g. CQI, PMI, R1, etc.) and scheduling request
information (e.g. SR).

FIG. 28 illustrates asymmetrical carrier aggregation 1in
which 5 DL CCs are linked to one UL CC. This asymmetri-
cal carrier aggregation may be set from the viewpoint of UCI
transmission. That 1s, DL CC-UL CC linkage for the UCI
and DL CC-UL CC linkage for data may be different from

each other. When 1t 1s assumed that one DL CC can transmit
a maximum of two codewords, at least two UL ACK/NACK
bits are needed. In this case, at least 10 ACK/NACK bits are
necessary to transmit ACK/NACK information for data,
received through 5 DL CCs, using one UL CC. If DTX status
1s also supported for each DL CC, at least 12 bits
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(=5"5=3125=11.6 bits) are needed for ACK/NACK trans-
mission. The conventional PUCCH formats 1a/1b can trans-
mit ACK/NACK information having a maximum of 2 bits,
and thus 1t cannot transmit ACK/NACK information having
an increased number of bits. While 1t has been described that
carrier aggregation increases the quantity of UCI, an
increase 1n the number of antennas, presence of a backhaul
subirame 1 a TDD system and a relay system, etc. may
cause an increase in the quantity of UCI. Similarly to
ACK/NACK information, when control information related
to a plurality of DL CCs 1s transmitted through one UL CC,
the quantity of the control information increases. For
example, when CQI related to a plurality of DL CCs 1s
transmitted through a UL anchor (or primary) CC, a CQI
payload may increase. A DL CC and a UL CC may also be
respectively called a DL cell and a UL cell and an anchor DL
CC and an anchor UL CC may be respectively called a DL
primary cell (PCell) and a UL PCell.

The DL primary CC may be defined as a DL CC linked
with the UL primary CC. Here, linkage includes both
implicit linkage and explicit linkage. In LTE, one DL CC
and one UL CC are uniquely paired. For example, a DL CC
linked with the UL primary CC according to LTE paring can
be called the DL primary CC. This can be regarded as
implicit linkage. Explicit linkage means that a network
configures a linkage in advance and 1t may be signaled
through RRC. In explicit linkage, a DL CC paired with the
UL primary CC may be called the DL primary CC. Here, the

UL primary (anchor) CC may be a UL CC that carries a
PUCCH. Otherwise, the UL primary CC may be a UL CC

that carries UCI over a PUCCH or a PUSCH. The DL
primary CC can be configured through higher layer signal-
ing. The DL primary CC may be a DL CC through which a
UE performs initial access. DL CCs other than the DL
primary CC can be called DL secondary CCs. Similarly, UL
CCs other than the UL primary CC can be called UL
secondary CCs.

DL-UL pairing may correspond to FDD only. DL-UL
pairing may not be additionally defined for TDD because
TDD uses the same frequency. DL-UL linkage may be
determined from UL linkage through UL EARFCN infor-
mation of SIB2. For example, DL-UL linkage can be
obtained through SIB2 decoding 1n the event of 1initial access
and acquired through RRC signaling 1n other cases. Accord-
ingly, only SIB2 linkage 1s present and other DL-UL pairing
may not be explicitly defined. For example, 1n a SDL:1UL
structure shown 1n FIG. 28, DL CC#0 and UL CC#0 1s 1n a
SIB2 linkage relationship and other DL CCs may be 1n the
SIB2 linkage relationship with other UL CCs that are not set
to the corresponding UE.

A scheme for efliciently transmitting an increased quan-
tity of UCI will now be described with reference to the
drawings. Specifically, a new PUCCH format/signal pro-
cessing procedure/resource allocation method for transmit-
ting an increased quantity of UCI are proposed. In the
tollowing description, the PUCCH format proposed by the
present invention 1s referred to as a new PUCCH format,
L'TE-A PUCCH format, or PUCCH {format 3 1n view of the
tact that up to PUCCH format 2 has been defined in LTE.
The technical spirit of the PUCCH format proposed by the
present invention can be easily applied in the same or similar
manner to an arbitrary physical channel (e.g. PUSCH)
capable of transmitting UCI. For example, an embodiment
of the present mnvention can be applied to a periodic PUSCH
structure that periodically transmits control information or
an aperiodic PUSCH structure that aperiodically transmits
control information.
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In the following description, the UCI/RS symbol structure
of the existing PUCCH format 1 (normal CP) of L'TE 1s used
as a subiframe/slot level UCI/RS symbol structure applied to
PUCCH format 3 according to an embodiment of the present
invention. However, the subirame/slot level UCI/RS symbol
structure 1s exemplary and the present invention i1s not
limited to a specific UCI/RS symbol structure. In the
PUCCH iformat 3 according to the present invention, the
number of UCI/RS symbols, positions of the UCI/RS sym-
bols, etc. may be ireely changed according to system
designs. For example, the PUCCH format 3 according to the
present invention can be defined using the RS symbol
structures of the existing PUCCH format 2/2a/2b of LTE.

The PUCCH format 3 according to embodiments of the
present invention can be used to transmit arbitrary types/
s1zes ol UCI. For example, the PUCCH format 3 according,
to the present mvention can transmit mformation such as
ACK/NACK, CQI, PMI, RS, SR, etc. or combinations
thereof. This information may have a payload of an arbitrary
s1ze. Description of the following embodiments and draw-
ings are focused on a case 1 which the PUCCH format 3
according to the present invention transmits ACK/NACK
information. However, the ACK/NACK 1nformation may be
replaced by arbitrary UCI and may be transmaitted with other
UCIT 1n the following embodiments.

Example 1

FIGS. 29a to 291 illustrate structures of PUCCH format

and signal processing procedures for the same according to
an embodiment of the present invention.

FIG. 29a 1llustrates a case in which the PUCCH format
according to the present invention i1s applied to PUCCH
format 1 (normal CP). Referring to FIG. 29a, a channel
coding block channel-codes information bits a_0, a_1, .
a_M-1 (e.g. multiple ACK/NACK bits) to generate encoded
bits (coded bits or coding bits) (or a codeword) b_0,
b 1,...,b N-1. Here, M denotes an information bit size
and N denotes an encoded bit size. The information bits
include multiple ACK/NACK bits for a plurality of data (or
PDSCH) received through a plurality of DL CCs, for
example. The information bits a_0, a_1, . . ., a_M-1 are
joint-coded regardless of the type/number/size of UCI that
forms the information bits. For example, when the informa-
tion bits include multiple ACK/NACK bits for a plurality of
DL CCs, channel coding 1s performed for all information
bits instead of each DL CC and each ACK/NACK bit to
generate a single codeword. Channel coding 1s not limited
thereto and 1includes simple repetition, simplex coding, Reed
Muller (RM) coding, punctured RM coding, Tail-biting
convolutional coding (TBCC), low-density parity-check
(LDPC) or turbo-coding. The encoded bits can be rate-
matched 1n consideration of a modulation order and resource
quantity, which 1s not shown 1n the figure. The rate matching
function may be included in the channel coding block or
may be executed by a separate functional block. For
example, the channel coding block can perform (32,0) RM
coding on a plurality of control information to generate a
single codeword and carry out circular bufler rate-matching
on the codeword.

A case of performing (32,0) RM coding will now be
described in detail. Equation 10 represents channel coding
when the information bits a_ 0, a_ 1, . . ., a M-1 have a
length of less than 11 bits.
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i M-1 |Equation 10]
bi= ) (an-M,mod2
n=>0

Here, b_i (i=0, . . ., 31) denotes an output bit of channel
coding and M, ,, denotes a base sequence for channel coding.
Examples of M, ,, are shown 1 Table 14.

Subsequently, output bit b_i 1s circular buffer rate-
matched by a necessary length. That 1s, b_1 can be circularly
repeated by a necessary length according to Equation 11.

b_i=b_(i mod 32)

Here, b, 1=0, . . . , N-1) denotes a coded bit after
rate-matching.
When the information bitsa 0,a_1, ..., a M-1 have a

length of more than 11 bits, 1t 1s possible to divide the
information bits into 11 bits each, perform (32,0) RM coding
on the divided bits and then combine the results.

TABLE 14
1 M;o M,y M, M3 M, M s Mg M, Mg
0 1 1 0 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0
2 1 0 0 1 0 0 1 0 1
3 1 0 1 1 0 0 0 0 1
4 1 1 1 1 0 0 0 1 0
5 1 1 0 0 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1
7 0 0 1 1 0 0 1 1
8 1 0 1 1 0 0 1 0
9 0 1 1 1 0 1 0 0
10 0 1 0 0 1 1 1 0
11 1 1 0 0 1 1 0 1
12 0 0 1 0 1 0 1 1
13 1 0 1 0 1 0 1 0
14 0 0 0 1 1 0 1 0
15 1 0 0 1 1 1 1 0
16 1 1 0 1 1 1 0 0
17 0 0 1 1 1 0 0 1
18 1 0 1 1 1 1 1 0
19 0 0 0 0 1 1 0 0
20 0 1 0 0 0 1 0 0
21 1 0 1 0 0 0 0 0
22 0 0 0 1 0 0 1 1
23 1 1 0 1 0 0 0 1
24 1 1 1 1 0 1 1 1
25 1 0 0 0 1 1 1 0
26 0 1 1 0 1 0 0 1
27 1 1 1 0 1 0 1 1
28 0 1 0 1 1 1 0 1
29 0 1 1 1 1 1
30 1 1 1 1 1 1
31 0 0 0 0 0 0 0 0

A modulator modulates the encoded bits b _ 0, b 1, . . .,
b_N-1 to generate modulation symbols ¢c_0, c_1, . . .,
¢_L-1 where L denotes the size of the modulation symbols.

10
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A modulation method 1s performed by modifying the size 55

and phase of a transmission signal. For example, the modu-
lation method includes n-PSK (Phase Shift Keying) and
n-QAM (Quadrature Amplitude Modulation) (n being an
integer of 2 or greater). Specifically, the modulation method
may include BPSK (Binary PSK), QPSK (Quadrature PSK),
8-PSK, QAM, 16-QAM, 64-QAM, etc.

A divider divides the modulation symbols ¢c_0, c_1, . . .,
c_L-1 into slots. The order/pattern/scheme of dividing the
modulation symbols 1nto slots are not particularly limited.
For example, the divider can sequentially divide the modu-
lation symbols 1nto the slots (localized scheme). In this case,
modulation symbols ¢c_0,c¢c_1, ..., c_L/2-1 can be divided
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into slot 0 and modulation symbols ¢_1./2, c_L/2+1, . . .,
c_L.—1 can be divided into slot 1, as shown in FIG. 29a.
Furthermore, the modulation symbols may be interleaved
(or permuted) when divided into the slots. For example,
even-numbered modulation symbols can be divided into slot
0 and odd-numbered modulation symbols can be divided
into slot 1. The order of the modulation operation and
division operation may be changed.

A DFT precoder performs DFT precoding (e.g. 12-point
DFT) for the modulation symbols divided into each slot 1n
order to generate a single carrier waveform. Referring to
FIG. 29a, the modulation symbols ¢c_0,c_1, ..., c L/2-1
divided into slot 0 can be DFT-precoded into DFT symbols
d0,d 1,...,d L/2-1 and the modulation symbols ¢_1./2,

c L./.2+1, . . ., c_LL-1 divided into slot 1 can be DFTI-

precoded mto DFT symbols d_I./2, d_L/2+1, . .., d_L-1.

DFT precoding can be replaced by other corresponding
linear operations (e.g. Walsh precoding).

b L b b b b b b b b b b
r L L r L r L r L L L

R s B

A spreading block spreads the DFT precoded signal at an
SC-FDMA symbol level (time domain). Time domain
spreading at an SC-FDMA symbol level 1s performed using,
a spreading code (sequence). The spreading code 1ncludes a
quasi-orthogonal code and an orthogonal code. The quasi-
orthogonal code includes a pseudo noise (PN) code. How-
ever, the quasi-orthogonal code 1s not limited thereto. The
orthogonal code includes a Walsh code and a DFT code.
However, the orthogonal code 1s not limited thereto. In the
following description, the orthogonal code 1s used as the
spreading code for ease ol description. However, the
orthogonal code 1s exemplary and can be replaced by the
quasi-orthogonal code. The maximum value of spreading
code size (or spreading factor SF) 1s limited by the number
of SC-FDMA symbols used for control information trans-
mission. For example, when 4 SC-FDMA symbols are used
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for control mformation transmission i1n one slot, a (quasi)
orthogonal code w0O,wl,w2,w3 having a length of 4 can be
used for each slot. The SF means a spreading degree of
control information and may be related to a UE multiplexing
order or an antenna multiplexing order. The SF can be
changed to 1, 2, 3, 4, . . . according to system requirements,
and pre-defined between a BS and a UE or signaled to the
UE through DCI or RRC signaling. For example, when one
of SC-FDMA symbols for control information 1s punctured
in order to transmit an SRS, a spreading code with a reduced
SEF (e.g. SF=3 instead of SF=4) can be applied to control
information of the corresponding slot.

The signal generated through the above-mentioned pro-
cedure 1s mapped to subcarriers 1n a PRB and then subjected
to IFFT to be transformed 1nto a time domain signal. A cyclic
prefix 1s added to the time domain signal to generate
SC-FDMA symbols which are then transmitted through an
RF unit.

The above-mentioned procedure will now be described in
more detail on the assumption that ACK/NACK bits for 3
DL CCs are transmitted. When each DL CC can transmuit 2
PDSCHs, ACK/NACK baits for the DL CC may be 12 bits 1f
a DTX status 1s mncluded. A coding block size (after rate
matching) may be 48 bits on the assumption that QPSK and
SF=4 time spreading are used. Encoded bits are modulated
into 24 QPSK symbols and 12 QPSK symbols are divided
into each slot. In each slot, 12 QPSK symbols are converted
to 12 DFT symbols through 12-point DFT. In each slot, 12
DFT symbols are spread and mapped to 4 SC-FDMA
symbols using a spreading code with SF=4 in the time
domain. Since 12 bits are transmitted through [2 bitsx12
subcarriersx8 SC-FDMA symbols], the coding rate 1s 0.0625
(=12/192). In the case of SF=4, a maximum of 4 UEs can be
multiplexed per PRB.

The signal mapped to the PRB 1n the procedure shown in
FIG. 29a may be obtained through various equivalent signal
processing procedures. Signal processing procedures
equivalent to the signal processing procedure of FIG. 29a
will now be described with reference to FIGS. 29b to 29g.

FIG. 29b shows a case 1n which the order of operations of
the DFT precoder and the spreading block of FIG. 29a 1s
changed. The function of the spreading block corresponds to
operation of multiplying a DFT symbol sequence output
from the DFT precoder by a specific constant at the SC-
FMDA symbol level, and thus the same signal value 1is
mapped to SC-FDMA symbols even though the order of
operations of the DFT precoder and the spreading block 1s
changed. Accordingly, the signal processing procedure for
the PUCCH format 3 can be performed in the order of
channel coding, modulation, division, spreading and DFT
precoding. In this case, the division and spreading may be
performed by one functional block. For example, modula-
tion symbols can be alternately divided into slots and,
simultaneously, spread at the SC-FDMA symbol level.
Alternatively, the modulation symbols can be copied such
that they correspond to the size of a spreading code when
divided into the slots, and the copied modulation symbols
can be multiplied one-to-one by respective elements of the
spreading code. Accordingly, a modulation symbol sequence
generated for each slot 1s spread to a plurality of SC-FDMA
symbols. Then, a complex symbol sequence corresponding
to the SC-FDMA symbols 1s DFT-precoded for each SC-
FDMA symbol.

FI1G. 29¢ shows a case 1n which the order of operations of
the modulator and the divider of FIG. 29a 1s changed. In this
case, 1n the signal processing procedure for PUCCH format
3, joint channel coding and division are performed at the
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subiframe level, and modulation, DFT precoding and spread-
ing are sequentially performed at the slot level.

FIG. 29d shows a case in which the order of operations of
the DFT precoder and the spreading block of FIG. 29c¢ 1s
changed. As described above, since the function of the
spreading block corresponds to operation of multiplying a
DFT symbol sequence output from the DFT precoder by a
specific constant at the SC-FMDA symbol level, the same
signal value 1s mapped to SC-FDMA symbols even though
the order of operations of the DFT precoder and the spread-
ing block 1s changed. Accordingly, 1n the signal processing
procedure for PUCCH format 3, joint channel coding and
division are performed at the subframe level, and modula-
tion 1s carried out at the slot level. The modulation symbol
sequence generated for each slot 1s spread to a plurality of
SC-FDMA symbols and DFT-precoded for each SC-FDMA
symbol. In this case, the modulation and spreading opera-
tions can be performed by one functional block. For
example, the generated modulation symbols can be directly
spread at the SC-FDMA symbol level during modulation of
the encoded bits. Alternatively, during modulation of the
encoded bits, the generated modulation symbols can be
copied such that they correspond to the size of the spreading
code and multiplied one-to-one by respective elements of
the spreading code.

FIG. 29¢ shows a case mn which PUCCH {format 3
according to the present embodiment 1s applied to PUCCH
format 2 (normal CP) and FIG. 291 shows a case in which
PUCCH format 3 according to the present embodiment 1s
applied to PUCCH format 2 (extended CP). While a basic
signal processing procedure 1s the same as the procedures
described with reference to FIGS. 29a to 29d, the numbers/
positions of UCI SC-FDMA symbols and RS SC-FDMA
symbols are different from those of FI1G. 29a since PUCCH
format 2 of LTE 1s reused.

Table 15 shows RS SC-FDMA symbol position 1n the
PUCCH {format 3. It 1s assumed that the number of SC-
FDMA symbols 1 a slot 1s 7 (indexes: 0 to 6) 1n case of
normal CP and 6 (indexes: 0 to 5) 1n case of extended CP.

TABL.

L1l

15

RS SC-FDMA symbol

position
PUCCH Extended
format 3 Normal CP CP Note
2,3, 4 2,3 Reuse PUCCH
format 1
1,5 3 Reuse PUCCH

format 2

Tables 16 and 17 show exemplary spreading codes

according to SF value. Table 16 shows DFT codes with
SF=5 and SF=3 and Table 17 shows Walsh codes with SF=4
and SF=2. A DFT code 1s an orthogonal code represented by
w_=[wsw, ... W, ], where w,=exp(j2nkm/SF) where k
denotes a DFT code size or SF valveand m1s 0, 1, . . .,
SF-1. Tables 16 and 17 show a case 1n which m 1s used as
an index for orthogonal codes.
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TABLE 16
Orthogonal code w,, = [Wo W, . . . W, ]
Index m SE =3 >
0 [11111]
| 1 VS VS GJOUS S 1 23 43,
, 1 IS oSS o2/ 65 [1 &¥Y3 23]
; | U5 25 oSS GjAwS
4 1 &8> g6 s g2
TABLE 17
Orthogonal code
Index m Sk =4 =
0 +1 41 +1 + [+1 +1]
1 1 -1 +1 — [+1 -1]
9 +1 +1 -1 -

Code index m may be designated in advance or signaled
from the BS. For example, the code index m can be
implicitly linked with a CCE index (e.g. the lowest CCE
index) constituting a PDCCH. The code index m may be
explicitly designated through a PDCCH or RRC signaling.
Furthermore, the code index m may be derived from a value
designated through the PDCCH or RRC signaling. The code
index m may be independently given for each subirame,
cach slot, and multiple SC-FDMA symbols. Preferably, the
code index m can be changed for each subirame, each slot
and multiple SC-FDMA symbols. That 1s, the code index m
can be hopped at a predetermined interval.

Cell-specific scrambling using a scrambling code (e.g. a
PN code such as a Gold code) corresponding to a physical
cell ID (PCI) or UE-specific scrambling using a scrambling
code corresponding to a UE ID (e.g. RNTI) can be addi-
tionally applied for inter-cell interference randomization,
which 1s not shown in the figure. Scrambling may be
performed for the entire information, performed in SC-
FDMA symbols, carried out between SC-FDMA symbols,
or carried out for both the entire information and SC-FDMA

symbols. Scrambling the entire information can be achieved
by performing scrambling on the information bits, encoded
bits and modulation symbols prior to division. Intra-SC-
FMDA symbol scrambling may be implemented by per-
forming scrambling on the modulation symbols or DFT
symbols after division. Inter-SC-FDMA symbol scrambling
may be achieved by carrying out scrambling on the SC-
FDMA symbols 1n the time domain after spreading.

Equation 12 represents bit level scrambling. The bit level
scrambling may be performed on the information bits or
encoded bits (1.e. a codeword)

a(1)=(a(1)+c(1))mod 2 or

b(1)=(b(i)+c(i))mod 2 [Equation 12]

Here, a(1) and b(i) denote scrambled bit sequences and (i)
and b(1) respectively denote an information bit sequence and
a coded bit sequence. In addition, c(1) represents a scram-
bling sequence, mod represents a modulo operation, and 1 1s
an integer of O or greater.

A scrambling sequence generation procedure will now be
described. A PN sequence defined as a Gold sequence with
a length of 31 may be used as a scrambling sequence. A PN
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sequence c¢(n) having a length MPN can be defined by
Equation 13.

c(n)=(X;(n+N-)+x>(n+N_))mod 2
X (n+31)=(x,(n+3)+x,;(n))mod 2

X5(n+31)=(X>(n+3)+X>(n+2 ) +X>(n+1 )+X5 (1) )mod 2 [Equation 13]

Here, N =1600 and the first m-sequence 1s 1nitialized with
x1(0=1, x1(n)=0, n=1, 2, . . ., 30. An mitial value of the
second m-sequence can be given by Equation 14.

=2,_o Xo (i)'zfz([ﬂs/ 2J+1)'(2NLDC€H+1)'2 lﬁ"'bRNTI

Cipir— [Equation 14]

Here, n_ is a slot index, N,,,°*” denotes a cell 1D, ng.,,
denotes a cell RNTI (C-RNTI), and | | represents a flooring,
function.

Symbol level scrambling can be performed using a mul-
tiplying operation instead of the modulo arnthmetic of Equa-
tion 12 and using a scrambling code having a complex value.

UE multiplexing can be achieved by applying CDM
betore being subjected to the DFT precoder. For example,
the signal before being subjected to the DFT precoder 1s a
time domain signal, and thus CDM can be implemented
through circular shift (or cyclic shift) or Walsh (or DFT)
spreading. CDM can be performed at the information bit
level, encoded bit level and modulation symbol level. Spe-
cifically, a case of multiplexing 2 UEs to one SC-FDMA
symbol using a Walsh code with SF=2 1s exemplified. When
QPSK 1s performed on 12 encoded bits, a complex signal of
a, a, a, a, a, a; 1s generated. An example of spreading
control information of each UE using Walsh code [+1 +1]
[+1 -1] 1s as follows.

UE#O: [+1 +1] 1s applied. a, a, a, a,a,a;a,a, a,a, a, a.
are transmitted.

UE#1: [+1 -1] 1s applied. a, a, a, a,a, a;a,a, a, a, a, a.
are transmitted.

In this case, interleaving may be additionally performed.
The interleaving may be applied before or after spreading.
An example of applying both the spreading and interleaving
1s as follows.

UE#0: [+1 +1] 1s apphied. aj a, a, a, a, a, a5 a, a, a, a- a.
are transmitted.
UE#1: [+1 -1] 1s applied. a,, -a,, a,, —a,, a,, —a,, a5, —as,,

a,, —a,, a5, —a< are transmitted.

A signal generated from spreading and/or interleaving n
a stage prior to the DFT precoder 1s subjected to DFT
precoding (and additionally subjected to time spreading at
the SC-FDMA symbol level as necessary) and mapped to
subcarriers of the corresponding SC-FDMA symbols.

FIG. 30 1illustrates another exemplary PUCCH format
according to the present embodiment of the invention. While
the PUCCH format shown in FIG. 30 has the same basic
structure as that of the PUCCH format shown in FIG. 29, the
PUCCH format of FIG. 30 1s different from the PUCCH
format of FIG. 29 1n that the same encoded bits are repeated
on a slot-by-slot basis. Accordingly, a signal processing
block shown in FIG. 30 does not include a divider.

A description will be given of methods of allocating a
PUCCH resource to a UE on the assumption that multiple
ACK/NACK bits are transmitted for data recerved through
a plurality of DL CCs. For convenience of description, the
PUCCH resource includes a resource for control information
transmission and/or a resource for RS transmission and it 1s
assumed that a (quasi) orthogonal resource for control
information transmission is referred to as resource A and a
(quas1) orthogonal resource for RS transmission 1s referred
to as resource B. Resource A includes at least one of a PRB
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index and a spreading code (e.g. Walsh code) index. One
representative logical index may be given for resource A and
the PRB index and spreading code index may be derived
from the representative logical index. Resource B includes
at least one of a PRB index, a circular shift index and an
orthogonal cover index. One representative logical index
may be given for resource B, and the PRB index, circular
shift index and orthogonal cover index may be inferred from
the representative logical index. The logical indexes of
resource A and resource B may be linked with each other.
Furthermore, indexes of resources constituting resource A
and resource B may be linked with each other. Alternatively,
a separate (representative) PUCCH resource index may be
defined and linked with resource A and/or resource B. That
1s, resource A and/or resource B may be inferred from the
separate PUCCH resource index.

A first resource allocation method signals both resource A
and resource B. For example, both resource A and resource
B can be signaled through physical control channel (e.g.

PUCCH) or RRC signaling. In this case, the resource A
index for control information transmission and the resource
B index for RS transmission may be respectively signaled or
only one thereol may be signaled. For example, if RS format
and indexing conform to LTE, only resource B 1index for RS
transmission can be signaled. Because 1t 1s preferable to
transmit control information in the same PRB as that of the
RS, the PRB index for the control information may be
derived from the resource B index for the RS, and the control
information may be transmitted through a PRB correspond-
ing to the PRB index. The orthogonal code index used for
the control information may be derived from the orthogonal
cover mdex or circular shift index used for the RS. Alter-
natively, 1t 1s possible to signal an additional PUCCH
resource 1mdex and infer resource A and/or resource B from
the additional PUCCH resource index. That 1s, when the
additional PUCCH resource index 1s given, the PRB and/or
the orthogonal cover index for the control information and
the PRB, orthogonal cover index and/or circular shift index
for the RS can be inferred from the additional PUCCH
resource index.

To reduce signaling overhead and efliciently use
resources, a plurality of candidate PUCCH resources (in-
dexes) can be signaled to a UE or a UE group through higher
layer signaling (e.g. RRC signaling) and a specific PUCCH
resource (index) can be mdicated through a physical control
channel (e.g. PDCCH). As described above, a PUCCH
resource (index) can be given as [resource A index and
resource B 1ndex], [resource A index or resource B index] or
|separate PUCCH resource index]. Specifically, the PUCCH
resource mndex can be signaled through a PDCCH of a DL
secondary CC. When carrier aggregation 1s applied, transmait
power control (TPC) of a DL secondary CC need not be used
because a PUCCH 1s transmitted through the UL primary
CC only. Accordingly, the PUCCH resource (1index) can be
signaled through a TPC field of a PDCCH transmitted
through a DL secondary CC.

A second resource allocation method reuses the implicit
method of LTE 1n case of dynamic ACK/NACK resource
allocation. For example, a resource index that corresponds to
the lowest CCE index of a PDCCH corresponding to a DL
grant of a specific DL CC (e.g. primary DL CC) and

conforms to LTE rule (n=n__+N PUCCH") can be
inferred. Here, n, denotes the resource A (and/or resource B)
index, n__, denotes the lowest CCE index constituting the
PDCCH, and N_PUCCH"’ denotes a value configured by a
higher layer. For example, the RS can use a resource

corresponding to the inferred resource index. In the case of
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control information, the PRB index can be derived from the
inferred resource index and ACK/NACK information for a
plurality of DL CCs can be transmitted using a correspond-
ing resource (e.g. spreading code) in the PRB corresponding
to the PRB index. When the resource index corresponding to
the RS 1s inferred from the resource index corresponding to
the control information, the circular shift index used for the
RS cannot be derived from the resource index corresponding
to the control information because the resource correspond-
ing to the circular shift index from among RS resources (e.g.
a combination of the circular shift, orthogonal cover and
PRB 1ndex) 1s not used for the control information.

A scheme of transmitting a PUCCH using a multi-antenna
transmission method will now be described. While 27Tx
transmit diversity scheme 1s described i the following
embodiment, the embodiment can be equally/similarly
applied to an n-Tx transmit diversity scheme. It 1s assumed
that a (quasi1) orthogonal resource for control information
transmission 1s referred to as resource A and a (quasi)
orthogonal resource for RS transmission 1s referred to as
resource B. Logical indexes of resource A and resource B
may be liked with each other. For example, 11 the logical
index of resource B 1s given, the logical index of resource A
can be automatically provided. The logical indexes of
resource A and resource B may be configured through
different physical configuration methods. The following two
cases are present.

1) Control information can be transmitted through the
same PRB at all antennas (ports).

A. The control information can be transmitted through
two different resources A (e.g. Walsh or DFT codes with

different indexes) selected for each antenna (port).
B. An RS can be transmitted through two difl

erent
resources B (e.g. a combination of a circular shiit and a DFT
cover) selected for each antenna (port).

2) The control information can be transmitted through
different PRBs for antennas. For example, the control infor-
mation can be transmitted through PRB#4 at antenna (port)
0 and transmitted through PRB#6 at antenna (port) 1.

A. Resources for the control information transmitted
through different antennas (ports) are not particularly limited
(1.e. the resources can be equal to and different from each
other).

B. Resources for RSs transmitted through different anten-
nas (ports) are not particularly limited (i.e. the resources can
be equal to and different from each other).

In a multi-antenna transmit (e.g. 2TX transmit) mode, two
resources A (e.g. orthogonal codes) for control information
transmission and two resources B (e.g. a combination of a
circular shift and a DFT cover) for RS transmission can be
defined 1n advance or provided through physical control
channel (e.g. PDCCH)RRC signaling. In this case, signal-
ing for the control information and RS can be individually
performed. When resource information for one antenna
(port) 1s signaled, resource information for the other antenna
(port) can be inferred from the previously signaled resource
information. For example, the spreading code mndex m for
the control information can be designated in advance or
signaled from the BS. Otherwise, the spreading code mndex
m can be implicitly linked with a CCE index that configures
a PDCCH. Or, the spreading code index m can be explicitly
designated through PDCCH or RRC signaling. The spread-
ing code index m can be linked with the orthogonal code
index or circular shift index for the RS. The spreading code
index m can be changed on a subirame, slot or mult1-SC-
FDMA symbol basis. That 1s, the spreading code index m

can be hopped 1n the unit of a specific interval (e.g. slot).
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Example 2

FIGS. 31 and 32 illustrate PUCCH format structures and

signal processing procedures for the same according to
another embodiment of the present invention. In the present
embodiment, control information 1s FDM-mapped to the
frequency domain 1n interleaving and local schemes. FDM
mapping can be used for UE multiplexing or antenna (port)
multiplexing. The present embodiment can be applied to
CDM mapping using time/frequency domain cyclic shait.

Referring to FIG. 31, a channel coding block channel-
codes miformation bits a_0, a_1, a_M-1 (e.g. multiple
ACK/NACK bits) to generate encoded bits (coded bits or
coding bits) (or a codeword) b_0, b_1, ..., b_N-1. Here,
M denotes an information bit size and N denotes an encoded
bit size. The mformation bits include multiple ACK/NACK
bits, for example. The information bitsa_0,a_1,...,a_M-1
are joint-coded regardless of the type/number/size of UCI
that forms the information bits. For example, when the
information bits include multiple ACK/NACK bits for a
plurality of DL CCs, channel coding i1s not performed per
cach DL CC or mndividual ACK/NACK bit but performed for
all information bits, thereby generating a single codeword.
Channel coding 1s not limited thereto and includes simple
repetition, simplex coding, RM coding, punctured RM cod-
ing, Tail-biting convolutional coding (TBCC), low-density
parity-check (LDPC) or turbo-coding. The encoded bits can
be rate-matched 1n consideration of a modulation order and
resource quantity, which 1s not shown in the figure. The rate
matching function may be included in the channel coding
block or may be executed through a separate functional
block.

A modulator modulates the encoded bits b _ 0, b 1, . . .,
b_N-1 to generate modulation symbols ¢ 0, c_ 1, . . .,
¢_L-1 where L denotes the size of the modulation symbols.
A modulation method 1s performed by modifying the size
and phase of a transmission signal. For example, the modu-
lation method includes n-PSK (Phase Shift Keying) and
n-QAM (Quadrature Amplitude Modulation) (n being an
integer of 2 or greater). Specifically, the modulation method
may include BPSK (Binary PSK), QPSK (Quadrature PSK),
8-PSK, QAM, 16-QAM, 64-QAM, etc.

A divider divides the modulation symbols c_0,c_1, . . .,
c_L-1 1nto slots. The order/pattern/scheme of dividing the
modulation symbols 1nto slots are not particularly limaited.
For example, the divider can sequentially divide the modu-
lation symbols into the slots (localized type). In this case,
modulation symbols ¢_0, c_1, ¢c_L./2-1 can be divided into
slot 0 and modulation symbols ¢_L./2, c_L/2+1,...,c_L-1
can be divided into slot 1, as shown 1n FIG. 29a. Further-
more, the modulation symbols may be interleaved (or per-
muted) when divided into the slots. For example, even-
numbered modulation symbols can be divided into slot 0 and
odd-numbered modulation symbols can be divided into slot
1. The order of the modulation operation and division
operation may be changed.

A DFT precoder performs DFT precoding (e.g. 6-point
DFT) for the modulation symbols divided into each slot 1n
order to generate a single carrier wavetform. Referring to
FIG. 29a, the modulation symbols ¢ 0, c_1, ..., c_L/2-1
divided into slot 0 can be DFT-precoded into DFT symbols
d 0,d 1,...,d L/2-1 and the modulation symbols ¢_1./2,
c L./.2+1, . . ., ¢c_ LL-1 divided into slot 1 can be DFI-
precoded mto DFT symbols d_I/2, d_L/2+1, ..., d_L-1.
DFT precoding can be replaced by another corresponding
linear operation (e.g. Walsh precoding).
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A spreading block spreads the DET precoded signal at an
SC-FDMA symbol level (time domain). Time domain
spreading at an SC-FDMA symbol level 1s performed using
a spreading code (sequence). The spreading code 1includes a
quasi-orthogonal code and an orthogonal code. The orthogo-
nal code includes a Walsh code and a DFT code. However,
the orthogonal code i1s not limited thereto. The maximum
spreading code size (or spreading factor SF) 1s limited by the
number of SC-FDMA symbols used for control information
transmission. For example, when 4 SC-FDMA symbols are
used for control information transmission 1n one slot, a
(quas1) orthogonal code wO,wl,w2,w3 having a length of 4
can be used for each slot. The SF means a spreading degree
of control information and may be related to a UE multi-
plexing order or an antenna multiplexing order. The SF can
be changed to 1, 2, 3, 4, . . . according to system require-
ments, and pre-defined between a BS and a UE or signaled
to the UE through DCI or RRC signaling. For example,
when an SC-FDMA symbol for transmitting control infor-
mation according to an SRS, a spreading code with SF=3
can be applied to control information of the corresponding
slot. Examples of the spreading code may refer to Tables 16
and 17.

The signal generated through the above-mentioned pro-
cedure 1s mapped to subcarriers in a PRB. Distinguished
from the first embodiment, the spread signal 1s non-contigu-
ously mapped to the subcarriers in SC-FDMA symbols. FIG.
31 shows a case 1n which the spread signal 1s mapped in the
SC-FDMA symbols 1n an interleaving manner and FIG. 32
shows a case 1 which the spread signal 1s mapped 1n the
SC-FDMA symbols 1n a localized manner. The frequency
domain signal mapped to the subcarriers 1s transformed to a
time domain signal through IFFT. A CP 1s added to the time
domain signal to generate SC-FDMA symbols which are
then transmitted through an RF unit.

The above-mentioned procedure will now be described 1n
more detail on the assumption that ACK/NACK bits for 5
DL CCs are transmitted. When each DL CC can transmit 2
PDSCHs, ACK/NACK bits for the DL CC may be 12 bits
when a DTX status 1s included. A coding block size (after
rate matching) may be 24 bits on the assumption that QPSK,
SF=4 time spreading and non-contiguous mapping are used.
Encoded bits are modulated into 12 QPSK symbols and 6
QPSK symbols are divided into each slot. In each slot, 6
QPSK symbols are converted to 6 DFT symbols through
6-point DFT. In each slot, 6 DFT symbols are spread and
mapped to 4 SC-FDMA symbols using a spreading code

with SF=4 1n the time domain. Since 12 bits are transmitted
through [2 bitsx6 subcarriersx8 SC-FDMA symbols], the

coding rate 1s 0.125 (=12/96). In the case of SF=4, a
maximum of 8 UEs can be multiplexed per PRB.

If a subcarrier spacing 1s changed from 2 blocks to 3
blocks when the DFT symbols are mapped to the frequency
domain, a maximum of 12 UEs can be multiplexed. When
the subcarrier interval 1s configured to 4/6 blocks, a maxi-
mum of 16/24 UEs can be multiplexed. Here, the RS can
employ the DFT code with SF=3 and circular shift used 1n
L'TE. In the case of a Walsh code with SF=4 1n LTE, [1 1 -1
—1] 1s not used because the multiplexing order 1s limited by
SF=3 of the RS. However, the present invention can define
[1 1 -1 -1] such that 1t can be reused.

Cell-specific scrambling using a scrambling code (e.g. a
PN code such as a Gold code) corresponding to a physical
cell ID (PCI) or UE-specific scrambling using a scrambling
code corresponding to a UE ID (e.g. RNTI) can be addi-
tionally applied for inter-cell interference randomization,
which 1s not shown in the figure. Scrambling may be
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performed for the entire information, performed i SC-
FDMA symbols, carried out between SC-FDMA symbols,
or carried out for both the entire information and SC-FDMA
symbols. Scrambling the entire information can be achieved
by performing scrambling at the information bit level,
encoded bit level or modulation symbol level prior to
division. Intra-SC-FMDA symbol scrambling may be imple-
mented by performing scrambling on the modulation sym-
bols or DFT symbols after division. Inter-SC-FDMA symbol
scrambling may be achieved by carrying out scrambling on
the SC-FDMA symbols 1n the time domain after spreading.

UE multiplexing can be achieved by applying CDM to a
signal before being subjected to the DFT precoder. For
example, the signal before being subjected to the DFT
precoder 1s a time domain signal, and thus CDM can be
implemented through circular shift (or cyclic shift) or Walsh
(or DFT) spreading. CDM multiplexing can be performed
for one at the information bit level, encoded bit level and
modulation symbol level. Specifically, a case of multiplex-
ing 2 UEs to one SC-FDMA symbol using a Walsh code with
SF=2 1s exemplified. When QPSK 1s performed on 6-bit
encoded bits, a complex signal of a,,a,,a, 1s generated.

Control information of each UE 1s spread using Walsh
code [+1 +1] [+]1 -1] as follows.

UE#O: [+1+1] 1s applied. a,,a,,a,,a,.a,,a, are transmitted.

UE#1: [+1 -1] 1s applied. a,,a,,a,,—a,,—a,,—a, are trans-

mitted.

In this case, interleaving may be additionally performed.
The interleaving may be applied belore or after spreading.
Both the spreading and interleaving are applied as follows.

UE#O0: [+1 +1] 1s applied. a,,a,,a,,a,,a,,a, are transmitted.

UE#1: [+1 -1] 1s applied. a,,—a,.,a,,—a,,a,,—a, are trans-

mitted.

FIGS. 33 and 34 illustrate another exemplary PUCCH
format according to the present embodiment of the mmven-
tion. While the PUCCH formats shown in FIGS. 33 and 34
has the same basic structure as that of the PUCCH format
shown 1n FIGS. 31 and 32, the PUCCH format of FIGS. 33
and 34 1s distinguished from the PUCCH format of FIGS. 31
and 32 1n that the same encoded bits are repeated on a
slot-by-slot basis. Accordingly, a signal processing block
shown 1n FIGS. 33 and 34 does not include a divider.

A description will be given of methods of allocating a
PUCCH resource to a UE on the assumption that multiple
ACK/NACK bits are transmitted for data received through
a plurality of DL CCs. For convenience of description, 1t 1s
assumed that a (quasi) orthogonal resource for control
information transmission 1s referred to as resource A and a
(quasi) orthogonal resource for RS transmission 1s referred
to as resource B. Resource A includes at least one of a PRB
index, a spreading code (e.g. Walsh code) index and a
subcarrier shift (or oflset or index) according to frequency
factor. One representative logical mndex may be given for
resource A and the PRB index, spreading code index and a
subcarrier shift (or offset or index) according to frequency
factor may be derived from the representative logical index.
Resource B includes at least one of a PRB index, a circular
shift index and an orthogonal cover index. One representa-
tive logical index may be given for resource B, and the PRB
index, circular shift index and orthogonal cover index may
be inferred from the representative logical index. The logical
indexes of resource A and resource B may be linked with
cach other. Furthermore, indexes of resources constituting
resource A and resource B may be linked with each other.

A first resource allocation method signals both resource A
and resource B. For example, both resource A and resource
B can be signaled through physical control channel (e.g.
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PUCCH) or RRC signaling. In this case, the resource A
index for control information transmission and the resource
B index for RS transmission may be respectively signaled or
only one thereol may be signaled. For example, 11 RS format
and indexing conform to L'TE, only resource B index for RS
transmission can be signaled. Because it 1s preferable to
transmit control information in the same PRB as that of the
RS, the PRB index for the control information may be
derived from the resource B index for the RS and the control
information may be transmitted through a PRB correspond-
ing to the PRB index. The orthogonal code index used for
the control information may be derived from the orthogonal
cover mdex or circular shift index used for the RS. The
subcarrier shift (or offset or index) according to frequency
factor for resource A may be inferred from the circular shiit
index used for the RS. Alternatively, the subcarrier shift (or
oflset or index) according to frequency factor for resource A
may be RRC signaled. Here, the frequency factor (or linear
operation corresponding thereto ¢.g. the reciprocal of the
frequency factor) can be RRC signaled or implicitly deter-
mined on the basis of the number of DL CCs. That 1s, the
frequency factor can be configured by the system or previ-
ously designated.

FDM mapping can also be applied to the RS. The RS can
be directly generated in the frequency domain without a
DFT precoder (1.e. the DFT precoder can be omitted)
because a previously designated low-CM sequence 1s used
whereas a low PAPR/CM signal 1s generated using DFT
precoding 1n the case of control information. However, 1t
may be technically preferable to apply CDM mapping using
circular shift to the RS rather than FDM mapping for the
following reason.

Design of sequences with various lengths 1s required
when FDM mapping 1s used for the RS. That 1s, a new
sequence with a length of 6 1s needed when a frequency
factor (FF) (or subcarrier interval) 1s 2 although a
minimum sequence length for the RS 1s 12 in LTE

When FDM mapping 1s used for the RS, channel estlma-
tion performance may be deteriorated in a high fre-
quency selective channel because a channel of a spe-
cific frequency position 1s estimated and interpolation
1s pertormed on other positions. However, the channel
estimation performance 1s not deteriorated because the
RS covers all frequency regions in the case of CDM
mapping.

A second resource allocation method reuses the implicit
method of LTE 1 case of dynamic ACK/NACK resource
allocation. For example, a resource index that corresponds to
the lowest CCE index of a PDCCH corresponding to a DL
grant of a specific DL CC (e.g. primary DL CC) and
conforms to LTE rule (n=n__+N PUCCH") can be
inferred. Here, n, denotes the resource A (and/or resource B)
index, n__, denotes the lowest CCE index constituting the
PDCCH, and N_PUCCH" denotes a value configured by
higher layers. For example, the RS can use a resource
corresponding to the inferred resource 1index. In the case of
control information, the PRB index can be derived from the
inferred resource index and ACK/NACK information for a
plurality of DL CCs can be transmitted using a correspond-
ing resource (e.g. spreading code and/or subcarrier shift (or
oflset or index) according to frequency factor) in the PRB
corresponding to the PRB 1ndex. When the resource index
corresponding to the RS 1s inferred from the resource index
corresponding to the control information, the circular shiit
index used for the RS cannot be derived from the resource
index corresponding to the control information because the
resource corresponding to the circular shift index from
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among RS resources (e.g. a combination of the circular shift,
orthogonal cover and PRB index) 1s not used for the control
information.

FIGS. 35 to 41 1illustrate a method of defining a resource
index according to an embodiment of the present invention.
FIGS. 35 and 41 show a case 1n which a resource index (1.e.
resource A index) for control information 1s defined as a
combination of a subcarrier mapping pattern/position (e.g.
subcarrier mdex of offset) and a spreading code (e.g.
orthogonal code). When a PRB for RS transmission 1is
confirmed, a PRB for control information transmission can
be configured as the PRB for RS transmission. Otherwise,
the PRB for control information transmission can be sig-
naled through physical control channel (e.g. PDCCH)/RRC
signaling. In the present embodiment, a subcarrier shiit (or
oflset or index) according to frequency factor for the control
information can be inferred from the circular shift index of
the RS. Otherwise, the subcarrier shift (or oflset or index)
according to frequency factor can be RRC signaled. Here,
the frequency factor can be RRC signaled or 1mp1101t1y
determined on the basis of the number of DL CCs. That 1is,
the frequency factor can be configured by the system or
previously designated. In this case, a representative index
for indicating a combination (e.g. [PRB, spreading code] or
|[PRB, spreading code, frequency factor]) of detailed
resources may not be separately defined in a channel
resource for the control information.

Referring to FIGS. 35 to 41, numerals in boxes mean
resource indexes (1.e. resource A mdexes for control infor-
mation transmission). In the present embodiment, resource
indexes for the control information are linked with [orthogo-
nal code indexes, subcarrier shifts (or oflsets or mdexes)].
Accordingly, the control information i1s spread at the SC-
FDMA symbol level using an orthogonal code correspond-
ing to resource indexes and mapped to subcarriers corre-
sponding to the resource indexes. While the resource
indexes are counted 1n ascending order of Irequency
resource (subcarrier index) in FIGS. 35 to 41, the resource
indexes may be counted on the basis of the orthogonal code
index axis. FIGS. 35b, 36b, 37b, 38b, 39b and 40b show that
resource indexing for the control information 1s limited by
an RS multiplexing order. For example, 1f the RS multiplex-
ing order 1s 3 and a Walsh code with SF=4 1s used for control
information transmission, [+1 +1 —1 —1] (resource index 3)
may not be used, as in LTE.

The resource indexes may be relative values (e.g. offset).
For example, PUCCH format 2/2a/2b may be transmitted
through the outermost portion of a band, 1 PRB in which
PUCCH formats 1/1a/1b and 2/2a/2b coexist may be located
inside the outermost portion of the band, and PUCCH format
1/1a/1b may be transmitted through a portion inside the
portion where PUCCH formats 1/1a/1b and 2/2a/2b coexist
in LTE. When a PRB for PUCCH format 1/1a/1b and a PRB
tor PUCCH format 2/2a/2b are present together (only one
PRB 1s allowed i LTE), if the number of HARQ-ACK/
NACK resources 1s M 1n the corresponding PRBs, n sub-
stantially represents M+n.

FIG. 41 1llustrates a case 1 which orthogonal resource
indexes are staggered for each orthogonal code index or
circularly shifted along the frequency axis. In this case, the
resource indexes 1n FIG. 37a are staggered subcarrier by
subcarrier for each orthogonal code 1index. Circular shifts or
orthogonal code indexes can be cell-specifically/UE-specifi-
cally hopped at the SC-FDMA symbol level/slot level.

FI1G. 42 illustrates a resource indexing method for an RS.
Resource indexing for an RS may conform to the method

defined in LTE.
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Referring to FIG. 42, numerals 1n boxes denote resource
indexes (1.e. indexes of resource B for RS transmission). In
this example, the resource indexes for the RS are linked with
[circular shift values, orthogonal code indexes]. Accord-
ingly, an RS sequence 1s circular-shifted by a value corre-
sponding to a resource index along the frequency axis and
covered 1n the time domain with an orthogonal code corre-
sponding to the resource index. In FIG. 42, A, ;"< “"
denotes a circular shift spacing and a used circular shiit
value may be c-A, ; (¢ being a positive integer). A phase
shift value according to a circular shift can be given as

n_1)=2nn_ (n_1)/N_75* where n_is a slot index, 1 is an
SC-FDMA symbol index, n_(n_l) 1s a circular shift value,
and N*”__ denotes the number of subcarriers that form a
resource block.

In this example, the resource indexes for the RS are
counted first along the circular shift axis. However, the
resource mdexes may be counted first along the orthogonal
code axis.
Ashlﬁp “CCH of the RS and the frequency factor of control
information (or a corresponding linear operation, e.g. the
reciprocal of the frequency factor) can be signaled through
physical control channel (e.g. PDCCH) or RRC signaling.

Resource indexing for the control information may cor-
respond to resource indexing for the RS. In this case, only
one ol the control information resource index and RS
resource mdex may be signaled to a UE through physical
control channel (e.g. PDCCH)/RRC signaling and the other
may be inferred from the resource index signaled to the UE.
For example, the frequency factor can be inferred from
information (e.g. the circular shift spacing) about circular

shift used in the RS. If conventional Ashlﬁp Y signaling is

reused, both A, FYCCH shift for the RS and the frequency
factor (interval) for the control information can be desig-
nated through one-time A, - LY shift signaling. Specifi-
cally, they are associated Wlth resource mdexing shown 1n
FIG. 42 and resource indexing shown in FIGS. 35b, 36b,

37b, 38b, 39b and 40b, respectively.
FPUCCH

Table 18 shows an example of mapping A,
the frequency factor.

and

TABLE 18
&shmP veer Frequency Factor (FF)
1 1
2 2
3 3
4 4
6 6
12 12

Table 19 shows an example of mapping Ashﬁp Y shift

and the frequency factor in consideration of the number of
available resources (1.e. multiplexing order). For example,

when the multiplexing order according to circular shift 1s 6
in one SC-FDMA symbol, A, ;" “““"=2 and FF=6 can be

paired.

TABL.

L1l

19

Multiplexing order
due to circular shift
only

Frequency Factor

PUCCH (FF)

&shzﬁ‘

1 1

N P T (N B
D P Oy b2
D P Oy b2
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TABLE 19-continued

Multiplexing order

Frequency Factor due to circular shift
ﬁskw‘p UCCH (FI) only 5
6 2 2

12 1 1

Alternatively, the frequency factor can be RRC signaled
or implicitly determined on the basis of the number of DL 10
CCs. Specifically, the frequency factor can be mmplicitly
determined on the basis of the number of configured DL CCs
or on the basis of the number of activated DL CCs. For
example, a frequency factor for 5 configured (activated) DL
CCs can be configured to 2 1n advance and used. Frequency
tactors for 4, 3, 2 and 1 configured (activated) DL CCs can
be mmplicitly configured and used, respectively.

FIG. 43a illustrates a signal processing procedure to
transmit control information through multiple antennas.
Since the overall flow of the signal processing procedure
shown in FIG. 43a 1s similar to those of embodiments 1 and
2, described with reference to FIGS. 29 to 34, the following
description 1s focused on a transmit diversity (TxD) mapper,
which 1s a main difference between the signal processing 25
procedure of FIG. 43a and the signal processing procedures
of FIGS. 29 to 34. The TxD mapper performs resource
allocation/MIMO (Multiple Input Multiple Output) precod-
ing/process for transmitting the control information through
multiple antennas (ports). 30

A description will be given of a scheme of transmitting a
PUCCH 1n a MIMO mode using the TxD mapper. While
2'Tx transmit diversity scheme 1s described in the following
embodiment, the embodiment can be equally/similarly
applied to an n-Tx transmit diversity scheme. It 1s assumed 35
that a (quasi1) orthogonal resource for control information
transmission 1s referred to as resource A and a (quasi)
orthogonal resource for RS transmission 1s referred to as
resource B. Logical indexes of resource A and resource B
may be liked with each other. For example, if the logical 40
index of resource B 1s given, the logical index of resource A
can be automatically provided. The logical indexes of
resource A and resource B may be configured through
different physical configuration methods. The following two
cases are present. 45

1) Control information can be transmitted through the
same PRB at all antennas (ports).

A. The control mformation can be transmitted through
two different resources A (e.g. a combination of an orthogo-
nal code and a subcarrier shitt (or oflset or index) according 50
to frequency factor). For example, the orthogonal code
includes a Walsh code and a DFT code and the frequency
tactor can be given as N, /N, __ or the reciprocal thereof.
Here, N_, denotes the number of subcarriers in a PRB and
Ns., denotes the number of subcarriers used for control 55
information transmission.

B. An RS can be transmitted through two different
resources B (e.g. a combination of a circular shift and a DFT
cover) selected for each antenna (port).

2) The control information can be transmitted through 60
different PRBs for antennas. For example, the control infor-
mation can be transmitted through PRB#4 at antenna (port)

0 and transmitted through PRB#6 at antenna (port) 1.

A. Resources for the control information transmitted
through diflerent antennas (ports) are not particularly limited 65
(1.e. the resources can be equal to and different from each
other).
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B. Resources for RSs transmitted through different anten-
nas (ports) are not particularly limited (i.e. the resources can
be equal to and different from each other).

In a multi-antenna transmit (e.g. 2TX transmit) mode, two
resources A (e.g. a combination of an orthogonal code and
subcarrier position (e.g. shift, offset or index) according to
frequency factor) for control information transmission and
two resources B (e.g. a combination of a circular shift and
a DF'T cover) for RS transmission can be defined in advance
or provided through physical control channel (e.g. PDCCH)/
RRC signaling. In this case, signaling for the control infor-
mation and RS can be individually performed. When
resource information for one antenna (port) 1s signaled,
resource 1nformation for the other antenna (port) can be
inferred from the previously signaled resource information.
For example, code index m and/or the subcarrier position
(e.g. shift, offset or index) according to frequency factor can
be designated 1n advance or signaled from the BS. Other-
wise, code index m and/or the subcarrier position (e.g. shift,
oflset or index) according to frequency factor can be implic-
itly linked with a CCE index that consists of a PDCCH. Or,
code index m and/or the subcarrier position (e.g. shift, oilset
or index) according to frequency factor can be explicitly
designated through PDCCH or RRC signaling. The code
index m and/or the subcarrier position (e.g. shift, oflset or
index) according to frequency factor can be changed on a
subirame, slot or multi-SC-FDMA symbol basis. That 1s, the
code index m and/or the subcarrier position (e.g. shift, oilset
or index) according to frequency factor can be hopped 1n the
umt of a specific time interval (e.g. slot).

If the multiplexing order for the RS 1s more than twice the
multiplexing order for the control information, the following
2'Tx transport diversity scheme can be applied. In this case,
two from among resources CS+OC+PRB for the RS may be
used for channel estimation of each transmit antenna and
only one resource (subcarrier position+OC+PRB) may be
used for the control information.

As another transport diversity scheme, the Alamouti
scheme can be applied to an output value of the DFT
precoder 1n the frequency domain. The Alamouti scheme can
be represented by the following matrix.

(sl —S5 ] |Equation 135]

Here, column 0 and column 1 respectively denote signal
vectors transmitted through antenna (port) O and antenna
(port) 1, row 0 and row 1 respectively denote complex signal
vectors transmitted through first and second subcarriers, *
represents complex conjugate operation. Any form linearly
transformed from the matrix can be applied to the present
ivention.

When the Alamouti scheme 1s applied to the PUCCH
format according to the embodiment of the present inven-
tion, the order of DFT symbols mapped to SC-FDMA
symbols corresponding to antenna (port) 1 1s changed for
every two DFT symbols. For example, d_0, d 1, d 2, d_3
are mapped to the SC-FDMA symbols corresponding to
antenna (port) 0 whereas -d_1%, d_0*, -d_3*, d_2* are
mapped to the SC-FDMA symbols corresponding to antenna
(port) 1. This damages single carrier property of the signal
mapped to antenna (port) 1, and thus CM increases at
antenna (port) 1.

A multi-antenna coding scheme that does not cause CM
increase even when the Alamouti scheme 1s applied will now
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be described with reference to FIGS. 43b and 43c¢. FIGS.

43b and 43c illustrate the spreading operation.

Referring to FIGS. 43b and 43¢, when the control infor-
mation 1s mapped to antenna (port) 0, the complex signal 1s
mapped to subcarriers after being subjected to DFT precod-
ing. When the control information 1s mapped to antenna
(port) 1, (1) mapping to subcarriers 1n SC-FDMA symbols
in reverse order, (2) complex conjugate operation and (3)

alternative minus sign addition are performed. Operations

(1), (2) and (3) are exemplary and the order of the operations

can be changed. This scheme can be equally applied to the
embodiments of the present invention. For example, refer-
ring to FIG. 29 or 30, a complex symbol sequence mapped

to SC-FDMA symbols transmitted through a first antenna

(port) and a second antenna (port) can be given as follows.
First antenna(port):a,

Second antenna(port):(—1)"?%)-conj(a,;_;) [Equation 16]
Here, a, denotes the complex symbol sequence mapped to
subcarriers of the SC-FDMA symbols, k denotes a complex

symbol mdex (0 to 11), mod(a, b) represents the remainder
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SC-FDMA

symbol

Antenna
(port) O
Antenna
(port) 1

SC-FDMA

symbol

Antenna
(port) O
Antenna
(port) 1

SC-FDMA

symbol

Antenna
(port) O
Antenna
(port) 1
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obtained when a 1s divided by b, and conj(a) represents the
complex conjugate value of a.

Equation 16 assumes a case in which the complex signal
1s mapped to all subcarriers in the SC-FDMA symbols.
Equation 16 can be normalized to Equation 17 considering

a case 1n which the frequency factor i1s used as shown 1n
FIGS. 31 to 34.

First antenna(port): a,

Second antenna(port):(—1)"e?% ).

(=12 conj(ay, )

conj(a, ;) or
[Equation 17]

Here, n represents (length of complex symbol sequence a,
mapped to the subcarriers of the SC-FDMA symbols)-1
(e.g. O=n<l1).

The complex symbol sequence mapped to the SC-FDMA
symbols transmitted through the first antenna (port) or the

second antenna (port) can be circular-shifted (e.g. shifted by

half the length of the complex symbol sequence) 1n the
frequency domain. Tables 20, 21 and 22 show cases 1n which
the Alamout1 scheme 1s applied according to the embodi-

ment of the present invention.

TABLE 20

Subcarrier index

0 1 2 3 4 5 6 7 8 9 10 11
dg dj d> 4z dq4  ds dg 47 dg dg d1o 4dyj
-a; % ap”  -ag® ag® -a;f agt -as™  ay* -ag* a* -at apt

TABLE 21

Subcarrier index

0 1 2 3 4 5 6 7 % 9 10 11
dg 4 dy 4z dq4  djs dg d7 dg dg dio 4y
-as5®  ayt -az® ay* -a* ay® -—apt oap gt -ag* ag®t -ast ag”t

TABLE 22

Subcarrier index
0 1 2 3 4 5 6 7 8 9 10 11
aq a, a5 a3 a, a5
_35%‘ 514* _33-%‘ 32*‘ _alﬂ‘-‘ aﬂ*
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Example 3

FI1G. 44 illustrates a PUCCH format structure and a signal
processing procedure for the same according to a third
embodiment of the present invention. Since the overall flow >
of the signal processing procedure 1s similar to those
described with reference to FIGS. 29 to 43, the following
description 1s focused on a CAZAC modulator that 1s a main
difference between the signal processing procedure of FIG.
44 and the signal processing procedures of FIGS. 29 to 43.

Referring to FIG. 44, the CAZAC modulator modulates
the modulation symbols [c_0O, c¢_1, c¢_L/2-1] and [c_L/2,
c_L/2+1,...,c_L-1]) divided into corresponding slots into
corresponding sequences to generate CAZAC modulation
symbols [d_0,d_1,d_L/2-1] and [d_L/2,d_L/2+1,d_L-1].
The CAZAC modulator includes a CAZAC sequence or a
LTE computer generated (CG) sequence for 1RB. For
example, 1f the LTE CG sequence 1sr 0, . . ., r [/2-1, a
CAZAC modulation symbol may be d_n=c n*r n or g
d_n=conj(c_n)*r_n. While FIG. 44 illustrates slot-level joint
coding, the present mvention can be equally applied to
separate coding for each slot, slot-level repetition, and a case
in which a frequency factor 1s applied. In the present
embodiment, cell-specific scrambling can be omitted 25
because a CAZAC or CG sequence functioning as a base
sequence 1s cell-specific. Otherwise, only UE-specific
scrambling can be applied for greater randomization. A
resource allocation method, relation with RS indexes, a

signaling method, and transmit diversity can use the meth- 30
ods described 1n the above embodiments.

10
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Example 4

A description will be given of a case 1n which dynamic 35
ACK/NACK resource allocation 1s applied to the new
PUCCH formats described in the first, second and third
embodiments. The following description can be equally
applied to other new PUCCH formats as well as the new
PUCCH {formats according to the present invention. For 40
example, LTE PUCCH format 2 can be reused as a new
PUCCH format for multi-ACK/NACK. In this case,
resource 1mdexing for ACK/NACK can employ the method
used in LTE PUCCH format 2, that 1s, the method of
indexing resources on the circular shift axis first, and then 45
indexing PRBs. Use of LTE PUCCH format 2 as a new
PUCCH format has the advantage of using an existing
format. However, because only up to 13 bits can be sup-
ported and a coding rate 1s limited in PUCCH format 2, the
PUCCH {format 2 1s inferior to the PUCCH iformats 50
described 1n the above embodiments 1n terms of flexibility
and performance.

A region (or PRB) for a new PUCCH format can be
defined as follows.

1. An additional PUCCH region (or PRB) for LTE-A can 55
be defined 1n addition to the PUCCH region defined 1n LTE.

2. Part of the PUCCH region (or PRB) defined in LTE can
be derived. That 1s, some resources ol the PUCCH region
can be used as resources for the new PUCCH format while
the PUCCH region 1s defined according to LTE. 60

A description will be given of PUCCH format adaptation
according to a carrier aggregation scenario. A PUCCH
format used for PUCCH {format adaptation i1s not limited.
The PUCCH format adaptation described 1n the specification
1s divided into the following two types. 65

1. PUCCH format adaptation according to carrier aggre-
gation configuration

38

2. Format adaptation on the basis of the number of
PDSCHs and/or PDSCHs allocated to a UE

A. PUCCH {format adaptation based only on the number
of PDSCHs/PDSCHs

B. Format adaptation based on the number of DL CCs
carrying PDSCHs or PDSCHs

The format adaptation scheme according to carrier aggre-
gation configuration 1s described as a first PUCCH format
adaptation scheme. When the number (N) of cell-specifi-
cally or UE-specifically aggregated DL CCs 1s less than a
specific value (e.g. 2), a HARQ-ACK/NACK resource may
correspond to the lowest CCE index as in LTE. Here, the
aggregated DL CCs may be candidate DL CCs from which
a PDCCH 1s detected for cross-carrier scheduling. Further-
more, the aggregated DL CCs may be some of DL CC sets

configured for respective cells. Moreover, the aggregated
DL CCs may be activated DL CCs. The PUCCH format used

in this case may be the LTE PUCCH format 1/1a/lb.

Schemes that can be used when N=3 include multi-sequence
modulation (MSM) that performs simultaneous transmission
using M (M=N) resources and HARQ-ACK/NACK multi-
plexing (or sequence selection) that selects some of
resources and transmits the selected resources. The PUCCH
format used in this case may be the LTE PUCCH format
1/1a/1b. When N=1, that 1s, when carrier aggregation 1s not
performed (1.e. 1DL-1UL pairing), HARQ-ACK/NACK
resources can use the LTE rule and PUCCH format 1/1a/1b.

When more than N DL CCs are cell-specifically or
UE-specifically aggregated, HARQ-ACK/NACK can be
transmitted through the new PUCCH formats described in
the first, second and third embodiments. A PUCCH resource
can be configured such that 1t corresponds to the lowest CCE

index regardless of whether a region (or PRB) for a new
PUCCH {format 1s defined exclusively of LTE or defined

compatibly with L'TE. In this case, transmitted HARQ-ACK/
NACK 1nformation may correspond to data transmitted
through multiple DL CCs.

PUCCH format adaptation on the basis of the number of
PDSCHs and/or PDSCHs assigned to a UE 1s described as
a second PUCCH format adaptation scheme. While the
number of DL CCs including PDSCHs equals the number of
DL CCs including PDSCHs in general, they may become
different from each other when cross-carrier scheduling 1s
employed. Furthermore, 1f the number of PDSCHs or
PDSCHs for each DL CC 1s limited to 1, the number of
PDSCHs/PDSCHs may correspond to the number of DL
CCs used for the PDSCHs. An mmplicit rule for HARQ-
ACK/NACK resources may relate to the PDSCHs. Since the
number of PDSCHs equals the number of PDSCHs, the
tollowing description 1s made on the basis of the number of
PDSCHs. Furthermore, since PUCCH format adaptation
based on the number of DL CCs carrying PDSCHs/PDSCHs
can be achieved by extending the PUCCH format adaptation
based on the number of PDSCHs, detailed description
thereol 1s omaitted.

When the number (N) of PDSCHs scheduled for one UE
1s less than a specific value, resources for HARQ-ACK/
NACK transmission may correspond to the lowest CCE
index according to the LTE rule. Here, a PUCCH format
used 1n this case may be LTE PUCCH {format 1/1a/1b. A
scheme used when Nz=3 may be MSM that performs simul-
taneous transmission using M (M=N) resources and HARQ-
ACK/NACK multiplexing (or sequence selection) that
selects some resources and transmits the selected resources.
A PUCCH format used 1n this case may be LTE PUCCH
format 1/1a/1b. When N=1, that 1s, when only one PDCCH
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of one UE 1s scheduled, HARQ-ACK/NACK resources can
use the LTE rule and PUCCH {format 1/1a/1b.
HARQ-ACK/NACK can be transmitted through a newly
defined PUCCH {format when N or more PDCCHs are
scheduled for one UE. A PUCCH resource can be configured

such that 1t corresponds to the lowest CCE index regardless

of whether regions (or PRB) for the new PUCCH format are
defined exclusively or compatibly with regions for an LTE
PUCCH format. In this case, multiple HARQ-ACK/NACK
information may correspond to data transmitted through
multiple DL CCs.

A description will be given of error handling. It 1s
assumed that N=2 for convenience of description. If a
scheduler transmits 2 PDCCHs (which may correspond to 2
PDSCHs transmitted through 2 DL CCs, 1n general) to one
UE, the UE may mis-detect that one PDCCH has been
scheduled. In this case, while the BS expects to receive

HARQ-ACK/NACK information through the new PUCCH
format for two or more PDCCHs, the UE transmits HARQ-
ACK/NACK mformation through an LTE PUCCH format
since the UE has detected one PDCCH. The BS recognizes
that DTX 1s generated for the one PDCCH because the BS
receives a PUCCH format different from the expected
format.

Recognition of DTX status of the UE by the BS may
aflect performance in incremental redundancy (IR) based
EARQ When DTX 1s generated, for example, because the
UE 1s not aware of the fact that a PDCCH has been
transmitted, the UE cannot store a decoded soit bit result
value of a PDSCH corresponding to the PDCCH 1n a soft
bufler. Accordingly, it 1s necessary for the BS not to change
a redundancy version (RV) or to transmit as many system
bits as possible 1 the event of HARQ retransmission, upon
generation of DTX. However, 11 the BS 1s not aware of the
DTX status of the UE and performs retransmission with a
different RV value, system throughput may be decreased
because the RV 1s changed and system bits are lost during,
retransmission. For this reason, 3GPP signals the D'TX status
of the UE to the BS 1n standards from WCDMA.

A description will be given of a resource determination
method for HARQ-ACK/NACK and a DTX handing
method 1n a new PUCCH format. Here, it 1s assumed that the
new PUCCH format can simultaneously transmit informa-
tion including HARQ-ACK/NACK corresponding to mul-
tiple DL CCs and D'TX statuses of DL CCs. For example, i
5> DL CCs are present and each DL CC transmits 2 code-
words, the new PUCCH {format can carry at least 12-bit
information for supporting ACK/NACK and DTX for the 5
DL CCs.

While a case in which PUCCH resources for the new
PUCCH format are exclusively reserved for each CC and a
case 1n which at least some of a plurality of CCs are shared
are described for facilitation of explanation, the present
invention 1s not limited thereto. If 4 DL CCs are present and
10 PUCCH resources are reserved for each DL CC as an
example of exclusive reservation of resources for PUCCH
transmission for each CC, 40 (=10*4) PUCCH resources can
be reserved, PUCCH resource indexes O to 9 can be used for
DL CC#0, PUCCH resource indexes 10 to 19 can be used for
DL CC#1, PUCCH resource indexes 20 to 29 can be used for
DL CC#Z and PUCCH resource mdexes 30 to 39 can be
used for DL CC#3 (PUCCH resource stacking). It 4 DL CCs
are present and 10 PUCCH resources are reserved for each
DL CC as an example of sharing PUCCH resources by
multiple CCs, PUCCH resource indexes O to 9 can be shared
tor all DL CCs.
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As described above, a PUCCH region (or PRB) 1n which
the new PUCCH format can be used can be defined as a new

region (or a specific section of resources) for LTE-A or
defined using some resources defined 1n LTE. Furthermore,
“lowest CCE” concept can be used as in LTE or another
implicit method can be applied.

An example of detailed resource allocation according to

the present invention will now be described. It 1s assumed
that 4 HARQ-ACK/NACK signals need to be transmitted
for 4 PDSCHs transmitted through 4 DL CCs and the
HARQ-ACK/NACK signals are transmitted through one UL
CC (e.g. anchor UL carnier). Here, HARQ-ACK/NACK
includes ACK, NACK, DTX and NACK/DTX. It 1s assumed
that 10 PUCCH resources are reserved for each DL CC such
that a total of 40 PUCCH resources are reserved. While the
present embodiment 1s described for one UE (1.e., UE#0), 1t
can be equally applied to multiple UEs. Furthermore, while
the present embodiment describes sequential indexing of
resources 0 to 39 1n exclusive resource definition, 1t can also
be applied to a case 1n which 4 PUCCH resource regions
cach having indexes O to 9 for each DL CCs are present.

FIG. 45 illustrates an example of transmitting multiple
PDCCHs 1n association with a downlink assignment carrier
index (DACI) at UE#0. In this case, statuses of all DL CCs
tor PDSCHs are transmitted according to the new PUCCH
format, and thus 1t 1s diflicult to apply CCE based implicit
mapping of LTE. In the present embodiment, 1t 1s assumed
that one PDCCH 1s transmuitted to UE#O for each CC, UE#0
successiully decodes all PDCCHs to generate no DTX, and
CCE mdexing in each DL CC starts from 0. Furthermore,
CCE 1mdexing can include CCE indexing of previous DL
CCs. For example, CCE indexes for DL CC#1 may be 10 to
19.

A DACI 1s a counter for PDCCHs transmitted to a UE and
1s configured for each UE. When a plurality of PDCCHs 1s
transmitted, the DACI can 1indicate the order of the
PDCCHs. If 4 PDCCHs are transmitted, as shown 1n FIG.
45, the DACI has values of 0 to 3. The DACI may be
included 1n a DCI field of the corresponding PDCCHs and

signaled to the corresponding UE, or signaled to the UE
through other signaling methods. A downlink assignment
index (DAI) field used in LTE TDD can be used as a DACI
field.

The DACI can indicate the number of PDSCHs (or the
number of PDCCHs) 1 all DL CCs. For example, 1f the
DACI indicates the number of PDCCHs 1n the example
shown 1n FIG. 45, all the DACI values 1n the PDCCHs may
be 4. When the DACI indicates the number of PDCCHes, the
DACI can be applied to a case in which the UE transmits
ACK/NACK m an ACK/NACK bundling mode. ACK/
NACK bundling 1s a method of transmitting representative
ACK/NACK through a logical AND operation. For
example, NACK 1s transmitted as a representative value
when at least one of ACK/NACK results corresponds to
NACK and ACK 1s transmitted as a representative value
when all the ACK/NACK results correspond to ACK. If the
number of PDCCHs successiully decoded by the UE 1s 3
although a DACI value indicating the total number of
PDCCHs 1s 4, which means that one PDCCH 1is not decoded,
NACK, DTX or NACK/DTX can be signaled as a repre-

sentative value to the BS. Accordingly, the BS and the UE

can be aware of a DTX status using the DACI. The method
of transmitting NACK when DTX i1s generated 1s exemplary
and a DTX status may be signaled by transmitting no
information. The present invention 1s not limited by the
DTX signaling scheme.

[T]
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For facilitation of description, a case in which the DACI
1s used as a CC index counter 1s described. A DACI counter
can be set such that 1t corresponds to a carrier indicator field
(CIF) for cross-carrier scheduling. For example, 1if a CIF
value 1s 3 bits, a DACI value may also be 3 baits.

The DACI may be counted from a low frequency CC to
a high frequency CC (or counted from a high frequency CC
to a low frequency CC). Otherwise, the DACI may be
circularly counted 1n ascending order from the primary
carrier. If multiple PDCCHs are transmitted 1n one DL CC,
the DACI can be counted from a low CCE index to a high
CCE 1ndex. For example, when the lowest CCE index of
PDCCHO in DL CC#0 for a PDSCH of DL CC#1 1s 10 and
the lowest CCE index of PDCCHI in DL CC#0 for a
PDSCH of DL CC#2 1s 20, PDCCHO may have a DACI
value lower than that of PDCCHI. Alteratively, a DACI
value transmitted 1n each PDCCH may be determined by the
network without a particular rule and transmitted. That 1s,
the DACI may not conform to a specific rule.

The DACI may be defined as a combination with a DAI
used 1n LTE TDD. For example, when 4 DAI statuses and 3
DACI statuses are present, a total of 20 combinations of DAI
and DACI can be defined with mdexes of 0 to 19. Even 1n
this case, the present invention 1s applicable.

A primary objective of the DACI 1s to enable the UE to
detect D'TX. For example, if decoding of a PDCCH corre-
sponding to DL CC#2 fails 1n the example of FIG. 45, UE#0
acquires DACI counter values 0, 1 and 3 through DCIO,
DCI1 and DCI3, respectively. UE#0 may recognmize that
blind decoding of DCI2 has failed (1.e. enters a DTX status)
because DACI=2 1s missed and transmit the DTX status to
the BS.

However, even when the DACI 1s used, UE#0 cannot be
aware of whether or not blind decoding of the last DCI fails.
In other words, when UE#0 fails to decode the last DCI even
though the BS has transmitted the last DCI to UE#0, UE#0
cannot be aware of whether decoding of the last DCI fails or
the BS does not transmit the last DCI. Referring to FI1G. 45,
when UE#0 fails to decode DCI3 although the BS has
transmitted DCI3 in DL CC#3, UE#0 does not know
whether DCI3 1s present or decoding of DCI3 fails.

Therelore, the present embodiment proposes a method for
correctly providing ACK/NACK (including DTX) states for
all DL PDSCHs to the BS and UEs. Specifically, the present
embodiment proposes a method of transmitting ACK/
NACK 1nformation using a PUCCH resource corresponding,
to a PDCCH over which the last value of the DACI counter
1s transmitted.

FI1G. 46 illustrates an embodiment according to the pres-
ent mnvention. This embodiment shows a case in which the
BS transmits 4 PDCCHs and UE#0 successiully decodes all
PDCCHs. In this case, HARQ-ACK/NACK information for
4 PDSCHs transmitted through 4 DL CCs 1s delivered
through PUCCH resource 34 corresponding to the lowest
CCE 1ndex 4 of a PDCCH having the largest DACI value 3
from among the detected PDCCHs. If the DACI 1s counted
in reverse order (e.g. 3, 2, 1, 0), the HARQ-ACK/NACK
information can be transmitted through PUCCH resource 2
corresponding to the lowest CCE index 2 of the first PDCCH
(DL CC#0).

FIG. 47 illustrates a case 1n which UE#0 successiully
decodes a PDCCH corresponding to DCI2 and fails to
decode a PDCCH corresponding to DCI3. The BS will
expect to receive HARQ-ACK/NACK information through
PUCCH resource 34 from UE#0 on the assumption that
UE#0 successiully decodes DCI3. However, when UE#0

successiully decodes DCI2 (1t 1s not necessary to consider
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whether or not DCI0 and DCI1 are successtully decoded
because UE#0 can recognize 1t through DACI) but fails to

decode DCI3, UE#0 transmits the HARQ-ACK/NACK
information through PUCCH resource 20 corresponding to

DCI2. Accordingly, the BS can recognize whether D'TX was
occurred as for the last DCI3 through the transmitted
resource.

FIG. 48 1llustrates a case 1n which UE#0 fails to decode
DCI0, DCI2 and DCI3. UE#0 can recognize whether decod-
ing of DCI0 fails through a received DACI because it has
successiully decoded DCI1. However, UE#0 cannot be
aware of whether DTX 1s generated for DCI2 and DCI3.

UE#0 transmits HARQ-ACK/NACK 1nformation through
PUCCH resource 16 corresponding to the lowest CCE 1ndex

6 of a PDCCH having the largest DACI value 1 from among,
detected PDCCHs although 1t does not know whether DTX
1s generated for DCI2 and DCI3. Accordingly, the BS can
recognize that DTX 1s generated for DCI2 and DCI3.
FIG. 49 illustrates a case in which 2 PDCCHs are trans-
mitted through DL CC#3 on the assumption that the DACI

1s counted from a low CCE index to a igh CCE 1ndex when
a plurality of PDCCHs 1s transmitted through one DL CC. In
this case, UE#0 transmits HARQ-ACK/NACK 1nformation
through PUCCH resource 36 corresponding to the lowest
CCE 1ndex 6 of a PDCCH having the largest DACI value 3
from among detected PDCCHs.

FIG. 50 1illustrates a case in which 2 PDCCHs are trans-
mitted through DL CC#3 and a DCI having a lower CCE
index has a larger DACI value. In this case, UE#0 transmits
HARQ-ACK/NACK nformation through PUCCH resource
34 corresponding to the lowest CCE index 4 of a PDCCH
having the largest DACI value 3 from among detected
PDCCHs.

A description will be given of a case 1n which PUCCHs

tor DL CCs are defined such that the PUCCHs are shared
with reference to FIGS. 51 and 52.

FIG. 51 illustrates a case 1 which UE#0 successfully
decodes all 4 PDCCHs for DL CCs while the PDCCHs are
shared. In this case, UE#0 transmits HARQ-ACK/NACK
information through PUCCH resource 4 corresponding to
the lowest CCE index 4 of a PDCCH having the largest
DACI value 3 from among the detected PDCCHs.

FIG. 52 1llustrates a case 1n which UE#0 fails to decode
DCI3 with DACI=3. In this case, UE#0 transmits HARQ-
ACK/NACK 1nformation through PUCCH resource 0 cor-
responding to the lowest CCE index 0 of a PDCCH having
the largest DACI value 2 from among the detected PDCCHs.
Accordingly, the BS can recognize that DTX 1s generated for
DCI3.

FIG. 53 illustrates a case in which PUCCH resources for
DL CCs partially overlap. UE#0 transmits HARQ-ACK/
NACK 1information in the same manner as the above cases.

Another scheme for solving a DTX problem for the last
DACI value will now be described. Specifically, a scheme of
simultaneously using a parameter indicating a PDCCH
counter value and a parameter indicating the number of
PDCCHs 1s proposed.

For example, 11 DACIO serves as a PDCCH counter (e.g.
DACI counts 0 to 7 when 1t 1s 3 bits), DACII can transmit
information indicating the number of allocated PDCCHs (or
PDSCHs) (e.g. DACI transmits 1 to 8 when 1t 1s 3 bits; 0
need not be transmitted). For example, when 4 PDCCHs are

transmitted, each PDCCH may carry the following infor-
mation.

DCIO:
DCIT:
DCI2:
DCI3:

DACI0=0,
DACI0=1,
DACI0=2,
DACI0=3,

DACI1=4
DACI1=4
DACI1=4
DACI1=4
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Here, DACI1 can be additionally defined with DACIO.
Alternatively, DACI1 may be transmitted over one or more
of the PDCCHs. Alternatively, 11 one of DCls 1s limited such

that cross-carrier scheduling 1s not permitted therefor, the
CIF field of the corresponding DCI can be used to carry
DACIL. Alternatively, DACIO0 and DACI1 can be transmiut-

ted through RRC signaling or broadcasting signaling.
Another method for solving the DTX problem 1n the last
DACI value uses RRC signaling. In this method, a specific
UE can be assigned a unique PUCCH resource through RRC
signaling. The PUCCH resource may be a resource shared
by multiple UEs or a resource allocated for SPS or ACK/
NACK repetition. When DTX 1s generated in at least one
PDCCH, the specific UE transmits HARQ-ACK/NACK
information through the PUCCH resource assigned thereto
through RRC signaling. When no D'TX 1s generated, the UE
performs dynamic ACK/NACK operation mm an implicit

manner. Conversely, the UE may transmit the HARQ-ACK/

NACK information using the PUCCH resource allocated
thereto when no DTX 1s generated and may implicitly

perform the dynamic ACK/NACK operation when DTX 1s
generated. In this case, the DACI may simply indicate the
number of transmitted PDCCHs. When the DACI indicates
the number of transmitted PDCCHs, 1t 1s impossible to know
which PDCCH 1s lost and only whether DTX 1s generated
can be recogmzed. The implicit rule for the dynamic ACK/
NACK operation 1s to transmit HARQ-ACK/NACK 1nfor-
mation using a PUCCH resource corresponding to the
lowest CCE index of a PDCCH having the largest CCE
index among PDCCH(s) of the largest CC index, a PUCCH
resource corresponding to the lowest CCE index of a
PDCCH having the lowest CCE index among PDCCH(s) of
the largest CC 1ndex, a PUCCH resource corresponding to
the lowest CCE index of a PDCCH having the lowest CCE
index, among PDCCH(s) of the lowest CC index, or a
PUCCH resource corresponding to the lowest CCE mdex of
a PDCCH having the largest CCE index among PDCCH(s)
of the lowest CC 1ndex.

If the DACI 1s defined as a counter, 1t 1s possible to
perform 1mplicit mapping using the lowest CCE index of a
PDCCH having the largest DACI value.

FI1G. 54 illustrates a case in which a PUCCH resource 1s
defined by the lowest CCE index of a PDCCH having the
lowest CCE index among PDCCH(s) of the largest CC
index, according to the implicit rule and DTX 1s not gen-
erated for any PDCCH. Since DTX 1s not generated, UE#0
transmits HARQ-ACK/NACK information through
PUCCH resource 34 corresponding to the lowest CCE 1ndex
4 of a PDCCH having the largest DACI value 3 from among
detected PDCCHs. The HARQ-ACK/NACK information
may be information bundled for control information of all
PDSCHs.

FIG. 55 1llustrates a case in which DTX 1s generated for
DCI1. In this case, UE#0 recognizes that DTX 1s generated
tor a DCI corresponding to DACI=2 because UE#0 has
successiully performed decoding for DACI=0, DACI=1 and
DACI=3. UE#0 transmits HARQ-ACK/NACK information
through RRC-signaled PUCCH resource 100 because DTX
has been generated. The HARQ-ACK/NACK information
may be information bundled for control information of all
PDSCHs.

FIG. 56 1llustrates a case in which UE#0 fails to decode
a PDCCH having the last DACI value. In this case, UE#0
cannot be aware of whether DTX 1s generated for a DCI
corresponding to DACI=3. Accordingly, UE#0 recognizes
that DTX 1s not generated and transmits HARQ-ACK/
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NACK 1information through PUCCH resource 36 corre-
sponding to the lowest CCE mndex 6 of a PDCCH having the

largest DACI value 2 from among detected PDCCHs. The
BS expects to receive HARQ-ACK/NACK 1nformation
(combined ACK/NACK) through PUCCH resource 34 cor-
responding to DCI2, which corresponds to the PDCCH
having the largest DACI value, or RRC-signaled PUCCH
resource 100. However, UE#0 transmits the HARQ-ACK/
NACK formation through PUCCH resource 36 corre-
sponding to DCI3, and thus the BS recognizes that DTX 1s
generated for DCI2.

The above-mentioned methods may be combined. For
example, the format adaptation and the schemes for detect-
ing DTX (1.e. the scheme of using the CCE index of the
PDCCH carrying the last DACI value, the scheme of simul-
taneously transmitting DACIO0 and DACI1, and the scheme
of using RRC signaling) can be combined.

Example 5

A scheme of multiplexing a new PUCCH format based on
DFT or 1n the form of a PUSCH with the PUCCH formats
1/1a/1b will now be described with reference to FI1G. 57. The
new PUCCH format 1s not limited to a specific format and

includes all the other transmission schemes that i1s not
defined in LTE.

FIG. 57 shows a case in which PRBs for LTE PUCCHs
and PRBs for LTE-A PUCCHs are defined and M PRBs
coexist for different formats. M coexisting regions may be
defined to efliciently use resources without waste and,
especially, M may be 1. Alternatively, M may be defined as
plural 1n order to replace an LTE PUCCH region with an
LTE-A PUCCH format. PUCCHs may have a format for
transmitting one or more UCI. The number of the coexisting
regions and PRBs may be configured as oflset values
through higher layer signaling (e.g. RRC signaling) or
implicitly signaled in such a manner that LTE resource
indexing 1s replaced with new PUCCH format resource

indexing of LTE-A according to a certain rule.
To define the PUCCH format 1/1a/1b and the new

PUCCH {format by M PRBs, the following needs to be
considered. Coexistence of dlf erent formats of PUCCH
format 1/1a/1b and PUCCH format 2 1s supported by LTE.
However, an additional device 1s needed for coexistence of
different formats (e.g. the format shown in FIG. 29) and
PUCCH format 1/1a/1b.

For example, when the new PUCCH format illustrated in
FIG. 29 and the PUCCH format 1/1a/1b coexist, these two
formats may be multiplexed by different orthogonal covers
because the new PUCCH format illustrated in FIG. 29 has

no circular shift resource as compared to the PUCCH format
1/1a/1b. Meanwhile, LTE performs circular shift hopping
that changes a circular shift value applied at an SC-FDMA
symbol level. That 1s, a final sequence obtained by combin-
ing a basic sequence and a circular shiit 1s changed symbol-
by-symbol. The above-mentioned DFT-precoded frequency
domain signal of the new PUCCH iformat does not have a
change corresponding to a symbol change. However, for
coexistence of the new PUCCH format and PUCCH format
1/1a/1b, the same circular shift hopping pattern needs to be
employed. When the same circular shift hopping pattern 1s
not applied, orthogonality of orthogonal covers 1s destroyed
and thus different PUCCH formats cannot be multiplexed.

To solve this problem, the present embodiment proposes
a scheme of applying a circular shift to the new PUCCH
format for multiplexing of the new PUCCH format and an

existing PUCCH {format. While the circular shift can be
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defined in the form of a phase rotational sequence in the
frequency domain as 1in LTE, it may be defined 1n the time
domain prior to DFT when a DFT precoder 1s present.

Equation 18 shows application of a circular shift in the
time domain prior to DFT precoding.

VA1)=y ((1+neg yepymod Ny)

Here, (1) denotes a symbol sequence circularly shifted in

the time domain. ¥(1) or equivalent information thereof 1s
input to the DFT precoder. In Equation 18, y,(1) denotes a
(spread) modulation symbol sequence and 1s a time-domain
signal before being subjected to precoding, 1 1s 0, 1,
N,;-1, and N, corresponds to the length of v,(1), the size of
the DFT precoder or the number of subcarriers to which
control information 1s mapped 1n SC-FDMA symbols. When
control 1nformation 1s mapped to all the subcarriers of
SC-FDMA symbols, as shown 1n FIG. 29a, N, corresponds
to N~ where N denotes the number of subcarriers (e.g.
12) in an RB. In Equation 18, n, gz denotes a circular
shift value 1n the range of 0 to N,-1.

Equation 19 shows application of a circular shift in the
frequency domain after DFT precoding. Equation 19 1is
equivalent to Equation 18.

¥ f(i)ZEEE'HCSNEWf’NL.y f(l)

Here, (1) denotes a complex symbol sequence circularly
shifted in the frequency domain. ¥ (1) or equivalent infor-
mation thereof 1s mapped to subcarriers of SC-FDMA
symbols. In Equation 19, y (1) 1s a frequency domain signal
that represents a complex symbol sequence output from the
DFT precoder or equivalent information thereof, 1 1s O,
1,...,N;-1, N, denotes the length of y (1), the size of the
DFT precoder, or the number of subcarriers to which control
information 1s mapped i SC-FDMA symbols. When the
control information 1s mapped to all subcarriers of the
SC-FDMA symbols, as shown in FIG. 29a, N,=N.-. N
denotes the number (e.g. 12) of subcarriers in an RB and
Nes vep denotes a circular shitt value in the range of 0 to
N,-1.

The circular shift for the new PUCCH format may be
hopped at slot and/or SC-FDMA symbol levels as in LTE. In
this case, nes vz can be defined as neg vEpAl) or Neg veps
(n_l). Here, 1 denotes an SC-FDMA symbol imndex and n.
denotes a slot index. Furthermore, the circular shift or
circular shift hopping pattern for the new PUCCH pattern
may be defined for each antenna port That 1s, n NEW can
be defined as HCSWEW@): Nes veEw X1) or HCS,NEW {(8)}
Here, p denotes an antenna port. The circular shift hopping
pattern (€.g. Neg e ®X1) or np NEW@)(H 1)) for the new
PUCCH format can be generally defined from a cell-specific
parameter and can use the same pattern as that used for the
LTE PUCCH formats.

The circular shift hopping pattern for the new PUCCH
format can be defined for the control information only or for
both the control information and the RS. That 1s, the circular
shift hopping pattern for the new PUCCH format can be
defined for each SC-FDMA symbol as in LTE and defined
for only the control information of the new PUCCH format
or for the entire new PUCCH {format. Furthermore, the
circular shift hopping pattern for the new PUCCH format
can be implicitly/explicitly signaled. For example, a circular
shift value for the new PUCCH format can be given by the
network or implicitly inferred by a UE. If the RS 1s also
defined 1n a circular shift (CS) region 1n the new PUCCH
format as in the LTE PUCCH formats, CS hopping can be

start

applied to the control information region using, as a

[Equation 19]
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value, the same value as a CS used 1n the RS or using a CS
value inferred from (or corresponding to) the value.

LTE defines orthogonal cover re-mapping at the slot level.
In this case, the same orthogonal re-mapping pattern can be
applied for multiplexing 1n the new PUCCH format.

CS hopping in the new PUCCH format 1s beneficial even
when 1its pattern 1s not equal to the pattern used 1n the LTE
PUCCH formats. This will be described 1n detail.

When modulation i1s performed on the basis of a basic
sequence as defined in LTE, presence and absence of a signal
can be distinguished from each other using both an RS
symbol and control information. When UCI 1s ACK/NACK
information, absence of a signal may correspond to a case 1n
which feedbacks for all transmission blocks are 1 a DTX
state (1.e. all-DTX state) in HARQ operation. In the PUCCH
format 1/1a/lb, for example, since the RS and control
information perform UE multiplexing through independent
OCs, a final matched filter output, obtained by performing
coherent combiming 1n RS and control information symbols
and performing non-coherent combining between the RS
and control information symbols, can be used to detect
all-DTX state. However, in the new PUCCH {format as
shown in FIG. 29, the control information region i1s not
modulated based on the basis sequence, and thus a matched
filter output cannot average inter-cell interference when the
control information 1s used to detect all-DTX state. That 1s,
since the same OC pattern 1s used between neighboring cells
and thus the matched filter output cannot remove 1inter-cell
interference, false alarms necessarily increase.

To solve the aforementioned problem, the present
embodiment additionally proposes a scheme of removing
inter-cell interference by making a cell-specific change 1n
the control information region. In this case, it 1s easy to
detect the all-DTX state since mter-cell interference 1is
averaged. A function for the cell-specific change may
include a variable having a physical cell ID (PCI) as a seed
value. In this example, a change 1n the control information
region 1s not limited to the cell-specific change. However,
orthogonality among UEs multiplexed according to CDM/
FDM 1n a cell can be ensured and interference randomiza-
tion can be provided for inter-cell interference when a
change element of control information region 1s cell-specific
rather than UE-specific. More specifically, the following
example can be given. It 1s assumed that for an RS symbol
structure, those of LTE PUCCH format 1/1a/1b and the like
are used and modulation using a scrambling code (e.g. LTE
Gold code) generated by a PN generator using a UE ID (e.g.
C-RNTI) as a seed value 1s additionally performed on the
control information region. A UE-specific scrambling code
1s used for inter-cell interference randomization during
control information decoding. In this case, however, scram-
bling 1s not helpful because coherent combining 1s per-
formed on a region to which an OC 1s applied and non-
coherent combining 1s performed on a subcarrier region or
a region pre-DFT region for all-DTX detection.

1) (Cell-specific) CS hopping 1s applicable to control
information SC-FDMA symbols.

A. I CS hopping corresponds to an LTE format, the
above-mentioned advantage of coexistence with the LTE
format 1s additionally obtained.

B. An SC-FDMA symbol number/slot number/subirame
number/system frame number can be considered as a seed
value of a hopping pattern generator.

2) (Cell-specific) OC pattern 1s applicable to control
information SC-FDMA symbols.

A. OC resource allocation base on Cell-specific oflset 1s
applicable.
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B. Cell-specific OC matrix permutation 1s applicable.

C. An SC-FDMA symbol number/slot number/subirame
number/system {frame number can be considered as a seed
value of a hopping pattern generator.

3) Cell-specific or UE-specific scrambling (bit level or
modulation symbol level) 1s applicable to control informa-
tion SC-FDMA symbols. The scrambling can be applied to

frequency domain+time domain, time domain, or before/
after DFT stage.

A. Cell-specific scrambling at SC-FDMA symbol level

B. Cell-specific scrambling at SC-FDMA symbol level
and subcarrier level

C. Cell-specific scrambling at SC-FDMA symbol level
and pre-DFT level

D. An SC-FDMA symbol number/slot number/subirame
number/system frame number can be considered as a seed
value of a hopping pattern generator.

Each of the above cases will now be described 1n detail.

1) Application of (cell-specific) CS hopping to control
information SC-FDMA symbols

CS hopping can be applied to the new PUCCH format in
the same pattern as an LTE PUCCH format. First, CS
hopping applied to the LTE PUCCH {format 1s described.
Equation 20 represents CS hopping applied to the LTE
PUCCH format 1/1a/lb and Equation 21 represents CS
hopping applied to the LTE PUCCH format 2/2a/2b.

[ |n'(ng)- AL <7 N

| 2-|n"(ng)- &:}%ECH /N"] for exetendedcyclicprefix

for normalcyclicprefix

Noc (Ng) = 3

{1,’(1‘15, 1) =2 'nﬂs(ns:- D/Niﬂ

([ (g, 1) + (0 (05)- ABYEH + (o (ng)modaBICH ) ]
modN_
modN’
nﬂs(n.sa D =9 ‘ncfﬂ(n 1) + (l'lf (n )-ﬁPUCCH + 1, (ﬂ )/2) _
CS stijft HlGdNiB
modN’

a(ns, 1) = 27 - ng(ng, 1)/Niﬂ

nes(ns, 1) = (0 (ng, 1) + 0’ (n))modNF?

Here, n__(n,) denotes an orthogonal sequence index, o(n,,
1) denotes a circular shift value represented as a phase, and
n_(n_l) denotes a circular shift value represented as an
index. In addition, n__“*”(n,]) denotes a cell-specific circular
shift value (index), n_ denotes a slot index, 1 represents a
symbol index, and N_"* represents the number of subcar-

riers 1 an RB. For details of each parameter, reference can
be made to 3GPP TS36.211 and the technical specification

1s incorporated herein by reference in its entirety.

For reference, n_“"(n_l) determined by the following
Equation.

n_“(n_1)==._,c(8N_ mb Lon 48141)-2° [Equation 22]

Here, n_““(n_l) is a cell-specific circular shift value,

c( ) 1s a pseudo-random sequence generation Ifunction,
B, . “* denotes the number of SC-FDMA symbols in a slot,
n_1s a slot index, and 1 1s an SC-FDMA symbol 1ndex.
When CS hopping for the new PUCCH format 1s not
defined as the same pattern used in the LTE PUCCH
formats, CS hopping for the new PUCCH format can be
defined such that it 1s changed only to a cell-specific pattern.
In this case, the cell-specific circular shift value (index)

n_ “““(n.]) used for the LTE PUCCH formats can be reused.
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Equation 23 represents application of a circular shiit in
the time domain prior to DFT precoding.

j}r(i):yr((i+ﬂCSNEW)mOd N;)

N ﬂEWZHC:EH (n.l) [Equation 23]

Here, ¥.(1), v(1), 1 and N, correspond to those defined 1n
Equation 18, n_“““(n_]) corresponds to that defined in
Equation 22, and n, WEWZDE;EH(HS,I) can be defined for
cach antenna port.

Equation 24 represents application of a circular shift in
the frequency domain after DFT precoding. Equation 23 1s
equivalent to Equation 24.

¥ (1)=e"""CS,NEW Lo (i)

N EEWHCS‘TEH (n.l) [Equation 24]

Here, v,(1), v,(1), 1 and N, correspond to those defined 1n
Equation 19, n_““(n_1) and a(n.l) correspond to those
defined in Equation 22, and n ~n_““"=(n_°*"(n_]) can
be defined for each antenna port.

2) Application of Cell-Specific OC to Control Information

SC-FDMA Symbols
It 1s assumed that UE#0 of cell A and UE#1 of cell B
respectively use OC indexes 0 and 1, the number of OC

|Equation 20]
for
normalcyclicprefix
for
extendedcyclicprefix
|Equation 21]
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indexes 1s 4, and OC patterns 1n 20 slots for UE#0 of cell A
and UE#1 of cell B are as follows.

Cell A:21323103413103231303

CellB:23000201030201001121

Finally applied OC indexes are as follows (allocated OC
indexes +hopping pattern) mod (the number of OCs).

Cell A:21323103413103231303

CellB:30111312101312112232

3) Cell-specific scrambling for control mformation SC-
FDMA symbols

Retferring to FIG. 29, when the spreading code (or
orthogonal cover code) for UE#0 1s [w0O wl w2 w3], a
cell-specific complex scrambling code can be defined as [c0
cl c2 c3]. In this case, SC-FDMA symbol level scrambling
can be applied as [cO*wWO0 cl*wl c2*w2 ¢c3*w3]. While a
scrambling code 1s defined as a complex value (e.g. 1 or —1)
for convemence, 1t can be equivalently defined at the bat
level. For example, a complex value 1 can be equivalent to
bit 0 and a complex value -1 can be equivalent to bit 1.
Furthermore, multiplying operation of complex values can
be equivalently implemented through XOR or modulo
operation.

Scrambling in the frequency domain may be performed in

addition to SC-FDMA symbol level scrambling. That 1is,
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when a scrambling code 1s c(k,n) (here, k 1s a frequency
index and n 1s a control information symbol index), scram-
bling can be performed such as d(k)*c(k,n)*w(n). Here, d(k)
denotes a signal mapped to each SC-FDMA symbol as a
DFT-precoded symbol and w(n) 1s a spreading code (or
orthogonal cover code).

FIG. 58 shows results obtained when only an RS 1s used
and when both the RS and control information are used for
all-DTX detection. Final mis-detection performance in the
case that the RS and control information are used together 1s
improved by about 2 dB, as compared to the case that only
the RS 1s used.

FIG. 59 1s a block diagram showing configurations of a
BS and a UE.

Referring to FIG. 59, a wireless communication system
includes a BS 110 and a UE 120. The BS includes a
processor 112, a memory 114, an RF unit 116. The processor
112 may be configured to implement the procedures and/or
methods proposed by the present mmvention. The memory
114 1s connected to the processor 112 and stores information
related to operations of the processor 112. The RF unit 116
1s connected to the processor 112, transmits and/or receives
an RF signal. The UE 120 includes a processor 122, a
memory 124, and an RF unit 126. The processor 112 may be
configured to implement the procedures and/or methods
proposed by the present invention. The memory 124 1s
connected to the processor 122 and stores information
related to operations of the processor 122. The RF unit 126
1s connected to the processor 122, transmits and/or receives
an RF signal. The BS 110 and/or UE 120 may include a
single antenna or multiple antennas.

The embodiments of the present mmvention described
hereinbelow are combinations of elements and features of
the present invention. The elements or features may be
considered selective unless otherwise mentioned. Each ele-
ment or feature may be practiced without being combined
with other elements or features. Further, an embodiment of
the present invention may be constructed by combining parts
of the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged.
Some constructions of any one embodiment may be
included 1n another embodiment and may be replaced with
corresponding constructions of another embodiment. It will
be obvious to those skilled 1n the art that claims that are not
explicitly cited 1n each other 1n the appended claims may be
presented 1n combination as an embodiment of the present
invention or included as a new claim by a subsequent
amendment after the application 1s filed.

In the embodiments of the present invention, a description
1s made centering on a data transmission and reception
relationship among a BS, a relay, and an MS. In some cases,
a specific operation described as performed by the BS may
be performed by an upper node of the BS. Namely, 1t 1s
apparent that, in a network comprised of a plurality of
network nodes including a BS, various operations performed
for communication with an MS may be performed by the
BS, or network nodes other than the BS. The term ‘BS’ may
be replaced with the term ‘fixed station’, ‘Node B’,
‘enhanced Node B (eNode B or eNB)’, ‘access point’, eftc.
The term ‘UE’ may be replaced with the term ‘Mobile
Station (MS)’, ‘Mobile Subscriber Station (MSS)’, ‘mobile
terminal’, etc.

The embodiments of the present invention may be
achieved by various means, for example, hardware, firm-
ware, solftware, or a combination thereof. In a hardware
configuration, the methods according to the embodiments of
the present mvention may be achieved by one or more
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Application Specific Integrated Circuits (ASICs), Digital
Signal Processors (DSPs), Digital Signal Processing
Devices (DSPDs), Programmable Logic Devices (PLDs),

Field Programmable Gate Arrays (FPGAs), processors, con-
trollers, microcontrollers, microprocessors, efc.

In a firmware or software configuration, the embodiments
of the present invention may be implemented in the form of
a module, a procedure, a function, etc. For example, sofit-
ware code may be stored 1n a memory unit and executed by
a processor. The memory unit 1s located at the interior or
exterior of the processor and may transmit and receive data
to and from the processor via various known means.

Those skilled 1n the art will appreciate that the present
invention may be carried out 1n other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. The above
embodiments are therefore to be construed 1n all aspects as
illustrative and not restrictive. The scope of the mmvention
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are mtended to be embraced therein.

INDUSTRIAL APPLICABILITY

The present invention can be used for a UE, a BS or other
devices 1n a wireless communication system. Specifically,
the present mvention 1s applicable to a method for trans-
mitting uplink control information and an apparatus therefor.

The mvention claimed 1s:

1. A method for, at a user equipment (UE), transmitting
[control information] an uplink signal through a physical
uplink control channel (PUCCH) 1n a wireless communica-
tion system, the method comprising:

generating a first modulation symbol sequence from con-

trol information,

spreading a first modulated symbol sequence [such that

the first modulated symbol sequence corresponds to a
plurality of single carrier-frequency division multiplex-

ing (SC-FDMA) symbols in a first slot,] to obtain a
plurality of second modulated symbol sequences [cor-
responding to the plurality of SC-FDMA symbols]; and

[performing a discrete Fourier transform (DFT) precoding
on the plurality of second modulated symbol sequences
to obtain a plurality of complex symbol sequences;
and]

transmitting [the] a plurality of complex symbol
sequences through a plurality of single carvier-fre-
quency division multiplexing (SC-FDMA) symbols of a
first slot of the PUCCH,

wherein each sequence of the plurality of the complex
symbol sequences carries discrete Fourier transformed
(DF1ed) symbols velated to a vespective sequence of the
plurality of second modulation symbol sequences,

wherein scrambling 1s applied to the plurality of second
modulated symbol sequences [at SC-FDMA symbol
level] using @ multiplication of ¢, by a respective
[modulated symbol] sequence of the plurality of second
modulated symbol sequences, and

wherein ¢, is a scrambling value [for a corresponding

SC-FDMA symbol].

2. The method of claim 1,

wherein [a value for] the scrambling value is obtained
using the following equation:
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7
14 (n,, 1) = Z c(SNYE, -y + 81 +1)- 2",
1=0

wherein n_““(n_]) is a cell-specific cyclic shift value,

c( ) 1s a pseudo-random sequence generation function,
N “* is [the] @ number of SC-FDMA symbols in a

syvmbol
slot, n_ 1s a slot index of the first slot, and 1 denotes an

SC-FDMA symbol index. 10
3. The method of claim 2, wherein the pseudo-random
sequence generation function 1s mitialized using a cell ID.
[4. A user equipment (UE) configured to transmit control
information through a physical uplink control channel

52

the plurality of SC-FDMA symbols, to perform a
discrete Fourier transform (DFT) precoding on the
plurality of second modulated symbol sequences to
obtain a plurality of complex symbol sequences, and to
transmit the plurality of complex symbol sequences

through the PUCCH,

wherein scrambling 1s applied to the plurality of second

modulated symbol sequences at SC-FDMA symbol
level using multiplication of ¢, by a respective modu-
lated symbol sequence of the plurality of second modu-
lated symbol sequences, and

wherein ¢, 1s a scrambling value for a corresponding

SC-FDMA symbol.]

[5. The UE of claim 4, wherein a value for the scrambling

(PUCCH) in a wireless communication system, the UE 15 1s obtained using the following equation:

comprising;

a radio frequency (RF) unit; and

a Processor,

wherein the processor 1s configured to spread a first
modulated symbol sequence such that the first modu- 2¢
lated symbol sequence corresponds to a plurality of
single carrier-irequency division multiplexing (SC-
FDMA) symbols 1n a first slot, to obtain a plurality of
second modulated symbol sequences corresponding to

HCSCEH(HS ?l):z: 1'=D?C(8N5ym E?UL.H5+81 +l) 21.:

wherein n_“(n_1) is a cell-specific cyclic shift value,

c( ) 1s a pseudo-random sequence generation function,
N_ . “*is the number of SC-FDMA symbols in a slot,

symb

n_is a slot index, and 1 is an SC-FDMA symbol index.]

[6. The UE of claim 5, wherein the pseudo-random
sequence generation function is initialized using a cell 1ID.]

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

