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WHAT IS CLAIMED IS:

1. A method, comprising:

receiving a plurality of component carriers configured for a wirele
communication device, the plurality of component carriers comprising glplurality of
search spaces comprising one or more common search spaces and agflurality of user-
specific search spaces;

receiving a cross-carrier indicator configured to enablgfross-carrier signaling
for a first component carrier; and

determining whether the cross-carrier indicator yfpresent in a control
information format carried on a second component cgfrier, based on an association of

the control information format with a search spacgfon the second component carrier.

2. The method of claim 1, further compffising receiving a control channel on the
second component carrier, the control ¢ el encoded with the control information

format.

3. The method of claim 1, yfherein the first component carrier and the second

component carrier are the sargl component carrier.

4. The method of gjiim 1, wherein the first component carrier and the second

component carrier argfdifferent component carriers.

3. The megfod of claim 1, wherein the control information format is configured to

control dowpfink grants.

6. he method of claim 5, wherein the control information format comprises at
leastgl TE Rel-8 and Rel-9 downlink control information (DCI) formats 1, 1A, 1B, 1C,
2, 2A and 2B transmitted via a physical downlink control channel (PDCCH).

7. The method of claim 1, wherein the control information format is configured to

control uplink grants.
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8. The method of claim 7, wherein the control information format comprises at
ieast LTE Rel-8 and Rel-9 downlink control information (DCI) format 0 transmitted v
a physical downlink control channel (PDCCH).

9. The method of c¢laim 1, wherein the cross-carrier indicator is not locap€d in the

one or more common search Spaces.

10. The method of claim 1, wherein the cross-carrier indicator igflocated in a subset
of the plurality of user-specific search spaces associated with a gbset of the plurality of

component carriers,

11. The method of claim 1, wherein the cross-carrigll indicator is located in each of

the plurality of user-specific search spaces.

12, The method of claim 1, wherein the cghss-carrier indicator is used for unicast

traffic and not used for broadcast traffic.

13.  The method of claim 1, whepfin the cross-carrier indicator comprises a carrier

indicator field (CIF) consisting gffthree bits.

14, The method of claigf 13, wherein the CIF is located at a beginning of the control

information.

15.  The methgfl of claim 13, wherein the CIF is user specific and comprises a

distinct value gfr each component carrier.

16. e method of claim 13, wherein the CIF is component carrier specific and
valuegfof the CIF for two or more component carriers comprise a same value if the
copftrol information for the two or more component carriers are located on different

omponent carriers.

17. The method of claim 1, wherein the plurality of search spaces comprises at least
onc common scarch space and at lcast onc uscr-specific scarch space, wherein the

common search space includes downlink control information (DCI) formats of two
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different sizes without carrier indicators, and the user-specific search space includes
DCI formats of at least two different sizes with carrier indicators, wherein cross-cgfrier
control is enabled for unicast traffic and cross-carrier control is not enabled for

broadcast traffic via carrier indicators.

18.  The method of claim 1, wherein the plurality of search spacesfomprises at least
one common search space and at least one user-specific search spafe, wherein the
common search space includes a DCI format of a first size withfl carrier indicator and a
DCI format of a second size without a carrier indicator, and ghe user-specific search
space includes DCI formats of at least two different sizesgith carrier indicators,
wherein cross-carrier control is enabled for unicast traffic and not enabled for broadcast

traffic via carrier indicators.

19.  The method of claim 1, wherein the plfrality of search spaces comprise at least
one common search space and at least one ySer-specific search space, wherein the
common search space includes DCI forpfats of two different sizes with carrier indicators
and the user-specific search space ingflides DCI formats of at least two different sizes
with carrier indicators, wherein crgfs-carrier control is enabled for unicast traffic and

broadcast traffic.

20.  The method of clgin 1, wherein the plurality of search spaces comprise at least
one common search spfe and at least one user-specific search space, wherein the
common search spag€ includes a DCI format of a first size with a carrier indicator and a
DCI format of a gfcond size without a carrier indicator, and the user-specific search
space includegffwo DCI formats with carrier indicators, wherein cross-carrier control is

enabled forfinicast traffic and broadcast traffic.

21. he method of ¢laim 1, wherein the plurality of search spaces comprise at least
ongfcommon search space and at least one user-specific search space, wherein the
mmon search space includes DCI formats of three sizes, comprising DCI formats of
two sizes with carrier indicators and a DCI format of a third size without a carrier
indicator, and the user-specific search space includes DCI formats of at least two
diffcrent sizes with carrier indicators, wherein the method is backward compatible with

LTE Rel-8 broadcast traffic and unicast traffic.
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22, The methed of claim 1, wherein the plurality of search spaces comprise at le

one common search space and at least one user-specific search space, wherein th

with LTE Rel-8 broadcast traffic and unicast traffic.

23, An apparatus, comprising:

means for receiving a plurality of component cargfers configured for a wireless
communication device, the plurality of component cagficrs comprising a plurality of
search spaces comprising one or more common segfch spaces and a plurality of user-
specific search spaces;

means for receiving a cross-carrier igficator configured to enable cross-carrier
signaling for a first component carrier; a

means for determining whetheglhe cross-carrier indicator is present in a control
information format carried on a secghd component carrier, based on an association of
the control information format wjth a search space on the second component carrier.

24.

determine whether the cross-carrier indicator is present in a control information
format carried on a second component carrier, based on an association of the control

information format with a search space on the second component carrier.
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25.  The apparatus of claim 24, further configured to receive a control channel gff the
second component carrier, the control channel encoded with the control informgfion

format.

26. The apparatus of claim 24, wherein the first component carrier gad the second

component carrier are the same component carrier.

27.  The apparatus of claim 24, wherein the first componenfcarrier and the second

component carrier are different component carriers.

28.  The apparatus of claim 24, wherein the contrgfinformation format is configured

to control downlink grants.

29.  The apparatus of claim 24, wherein t§f control information format comprises at
least LTE Rel-8 and Rel-9 downlink contghl information (DCI) formats 1, 1A, 1B, 1C,
1D, 2, 2A and 2B transmitted via a phyfical downlink control channel (PDCCH).

30.  The apparatus of claim 24f'wherein the control information format is configured

to control uplink grants,

31.  The apparatus of #laim 30, wherein the control information format comprises at
least LTE Rel-8 and B£1-9 downlink control information (DCI) format 0 transmitted via
a physical downlin}fcontrol channel (PDCCH).

32, The aghparatus of claim 24, wherein the cross-carrier indicator is not located in

the one or fhore common search spaces.

33. J The apparatus of claim 24, wherein the cross-carrier indicator is located in a
sujfSet of the plurality of user-specific search spaces associated with a subset of the

urality of component carriers.

34.  The apparatus of claim 24, wherein the cross-carrier indicator is located in each

of the plurality of uscr-spccific scarch spaces.




WO 2011/032035 PCT/US2010/048521
49

35.  The apparatus of claim 24, wherein the cross-carrier indicator is used for yflicast

traffic and not used for broadcast traffic.

36.  The apparatus of claim 24, wherein the cross-carrier indicator cgffiprises a

carrier indicator field (CIF) consisting of three bits.

37.  The apparatus of claim 36, wherein the CIF is located g€ a beginning of the

control information.

38.  The apparatus of claim 36, wherein the CIF igfiser specific and comprises a

distinct value for each component carrier.

39.  The apparatus of claim 36, wherein gfe CIF is component carrier specific and
values of the CIF for two or more compoyent carriers comprise a same value if the
control information for the two or morgfcomponent carriers are located on different

component carriers.

40.  The apparatus of claimy24, wherein the common search space includes downlink
control information (DCI) {frmats of two different sizes without carrier indicators, and
the user-specific search ghace includes DCI formats of at least two different sizes with
carrier indicators, whefein cross-carrier control is enabled for unicast traffic and cross-

carrier control is ngf enabled for broadcast traffic via carrier indicators.

differght sizes with carrier indicators, wherein cross-carrier control is enabled for

unjfast traffic and not enabled for broadcast traffic via carrier indicators.

42.  The apparatus of claim 24, wherein the common search space includes DCI
formats of two different sizes with carrier indicators and the user-specific search space
includes DCI formats of at least two different sizes with carrier indicators, wherein

cross-carricr control is cnabled for unicast traffic and broadcast traffic.
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43.  The apparatus of claim 24, wherein the common search space includes a DC
format of a first size with a carrier indicator and a DCI format of a second size wijghout a
carrier indicator, and the user-specific search space includes two DCI formatsgfith
carrier indicators, wherein cross-carrier control is enabled for unicast traffigfand

broadcast traffic.

44, The apparatus of claim 24, wherein the common search sgfice includes DCI
formats of three sizes, comprising DCI formats of two sizes with carrier indicators and a
DCI format of a third size without a carrier indicator, and tJ€ user-specific search space
includes DCI formats of at least two different sizes withg€arrier indicators, wherein the

method is backward compatible with LTE Rel-8 brogflcast traffic and unicast traffic.

45.  The apparatus of claim 24, wherein the gbmmon search space includes DCI
formats of four sizes, comprising DCI formgfof a first two sizes with carrier indicators
and DCI formats of a second two sizes wyhout carrier indicators, and the user specific
search space includes DCI formats of gf least two different sizes with carrier indicators,
wherein the method is backward copfipatible with LTE Rel-8 broadcast traffic and

unicast traffic.

46. A computer progragfproduct, embodied on a non-transitory computer readable
storage medium, comprighhg:

program code JOr receiving a plurality of component carriers configured for a
wireless communicgftion device, the plurality of component carriers comprising a
plurality of searg/l spaces comprising one or more common search spaces and a plurality
of user-specif)f search spaces;

progfam code for receiving a cross-carrier indicator configured to enable cross-

component carrier.
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47. A method, comprising:
transmitting a plurality of component carriers configured for a wireless

communication device, the plurality of component carriers comprising a pluralj

specific search spaces; and
transmitting a cross-carrier indicator configured to enable crogfcarrier signaling
for a first component carrier and to provide a determination of whgher the cross-carrier
indicator is present in the control information format carried ong second component
carrier, based on an association of the control information fggfnat with a search space on
the second component carrier.
48.  The method of claim 47, further comprisingfransmitting a control channel on
the second component carrier, the control channgl encoded with the control information
format.

49.  The method of claim 47, wherejf the first component carrier and the second

least LTE Jlel-8 and Rel-9 downlink control information (DCI) formats 1, 1A, 1B, 1C,
1D, 2, 24 and 2B transmitted via a physical downlink control channel (PDCCH).

53
ntrol uplink grants.

The method of claim 47, wherein the control information format is configured to

54.  The method of claim 53, wherein the control information format comprises at
least LTE Rcl-8 and Rel-9 downlink control information (DCI) format 0 transmitted via
a physical downlink control channel (PDCCH).
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55. The method of claim 47, wherein the cross-carrier indicator is not located in th
one or more common search spaces.

56. The method of claim 47, wherein the cross-carrier indicator is locate a subset
of the plurality of user-specific search spaces associated with a subset of € plurality of
component carriers.

57. The method of claim 47, wherein the cross-carrier indicayfr is located in each of

the plurality of user-specific search spaces.

58. The method of claim 47, wherein the cross-carigfr indicator is used for unicast

traffic and not used for broadcast traffic.

59.  The method of claim 47, wherein the gfoss-carrier indicator comprises a carrier
indicator field (CIF) consisting of three bity!
60. The method of claim 59, wheg€in the CIF is located at a beginning of the control

information.

The method of claim 47, wherein the common search space includes downlink
ol information (DCI) formats of two different sizes without carrier indicators, and
¢ user-specific search space includes DCI formats of at least two different sizes with
carrier indicators, wherein cross-carrier control is enabled for unicast traffic and cross-

carrier control is not enabled for broadcast traffic via carrier indicators.
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64.  The method of claim 47, wherein the common search space includes a DCJ
format of a first size with a carrier indicator and a DCI format of a second size without#f
carrier indicator, and the user-specific search space includes DCT formats of at least #vo
different sizes with carrier indicators, wherein cross-carrier control is enabled fog

unicast traffic and not enabled for broadcast traffic via carrier indicators.

65. The method of claim 47, wherein the common search space inclylles DCI

formats of two different sizes with carrier indicators and the user-speffific search space

format of a first size with a carrier indicator and a DG format of a second size without a
carrier indicator, and the user-specific search spagf€includes two DCI formats with
carrier indicators, wherein cross-carrier controlffs enabled for unicast traffic and

broadcast traffic.

67.  The method of claim 47, whegfin the common search space includes DCI
formats of three sizes, comprising JOCI formats of two sizes with carrier indicators and a
DCI format of a third size withghit a carrier indicator, and the user-specific search space
includes DCI formats of at Ighist two different sizes with carrier indicators, wherein the

method is backward compfitible with LTE Rel-8 broadcast traffic and unicast traffic.

68.  The methogfbf claim 47, wherein the common search space includes DCI

formats of four gfzes, comprising DCI format of a first two sizes with carrier indicators

unicght traffic.

09.  An apparatus, comprising:
means for transmitting a plurality of component carriers configured for a

wircless communication device, the plurality of component carricrs comprising a
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plurality of search spaces comprising one or more common search spaces and a plurgfty

of user-specific search spaces; and

component carrier, based on an association of the control informatiogfformat with a

search space on the second component carrier.

70.  An apparatus, comprising:

a processor; and

a memory comprising processor executable ggfde that, when executed by the
processor, configures the apparatus to:

transmit a plurality of component carrigls configured for a wireless
communication device, the plurality of comyfonent carriers comprising a plurality of
search spaces comprising one or more cgfimon search spaces and a plurality of user-
specific search spaces; and

transmit a cross-carrier indigfator configured to enable cross-carrier signaling for
a first component carrier and togfrovide a determination of whether the cross-carrier
indicator is present in a contigfl information format carried on a second component

carrier, based on an associghion of the control information format with a search space on

he apparatus of claim 70, wherein the first component carrier and the second

component carrier are the same component carrier.

3.

component carrier are different component carriers.

The apparatus of claim 70, wherein the first component carrier and the second

74.  The apparatus of claim 70, wherein the control information format is configured

to control downlink grants.
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75.  The apparatus of claim 70, wherein the control information format com
least LTE Rel-8 and Rel-9 downlink control information (IDCI) formats 1, 1
1D, 2, 2A and 2B transmitted via a physical downlink control channel (PRCCH).

76. The apparatus of claim 70, wherein the control informationormat is configured

to control uplink grants.

77.  The apparatus of claim 76, wherein the control in
least LTE Rel-8 and Rel-9 downlink controi informati
a physical downlink control channel (PDCCH).

ation format comprises at

(DCI) format 0 transmitted via

78.  The apparatus of claim 70, wherein thgfcross-carrier indicator is not located in

the one or more common search spaces.

79.  The apparatus of claim 70, wlrein the cross-carrier indicator is located in a
subset of the plurality of user-spegfic search spaces associated with a subset of the
plurality of component carriers
80.  The apparatus of gfaim 70, wherein the cross-carrier indicator is located in each

of the plurality of usergfpecific search spaces.

The apparatus of claim 82, wherein the CIF is located at a beginning of the

ontrol information.

84.  The apparatus of claim 82, wherein the CIF is user specific and comprises a

distinct value for each component carrier.
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85.  The apparatus of claim 82, wherein the CIF is component carrier specific ‘m‘.
values of the CIF for two or more component carriers comprise a same value if,

control information for the two or more component carriers are located on dj forent

component carrier.
86.  The apparatus of claim 70, wherein the common search spgfe includes downlink
control information (DCl) formats of two different sizes withoyfcarrier indicators, and
the user-specific search space includes DCI formats of at legy two different sizes with

carrier indicators, wherein cross-carrier control is enablegffor unicast traffic and cross-

carrier indicator, and the user-specific seargh space includes DCI formats of at least two
different sizes with carrier indicators, wjferein cross-carrier control is enabled for
unicast traffic and not enabled for brgladcast traffic via carrier indicators.

88.  The apparatus of claim 0, wherein the common search space includes DCIT

formats of two different sizgff with carrier indicators and the user-specific search space
includes DCI formats of g least two different sizes with carrier indicators, wherein

cross-carrier control isgnabled for unicast traffic and broadcast traffic.

formats of three sizes, comprising DCI formats of two sizes with carrier indicators and a
DCI format of a third size without a carrier indicator, and the user-specific search space
includes DCI formats of at least two different sizes with carrier indicators, wherein the

method is backward compatible with LTE Rcl-8 broadcast traffic and unicast traffic.
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91.  The apparatus of claim 70, wherein the common search space includes D’

wherein the method is backward compatible with LTE Rel-8 broadg# St traffic and

unicast traffic.

92. A computer program product, embodied on a non-insitory computer readable
storage medium, comprising:

program code for transmitting a plurality of g mponent carriers configured for a
wireless communication device, the plurality of ¢ ponent carriers comprising a
plurality of search spaces comprising one or nyfre common search spaces and a plurality
of user-specific search spaces; and

program code for transmitting a gloss-carrier indicator configured to enable
cross-carrier signaling for a first comypfOnent carrier; and to provide a determination of
whether the cross-carrier indicators present in a control information format carried on a
second component carrier, basegfon an association of the control information format

with a search space on the sgfond component carrier,

93. A method, compfising:

formatting cgfitrol information, in a control channel of a communications carrier,
with a cross-carrigf control indicator; and

scramb[gg the control information with a scrambling code, wherein the
scrambling cffde is selected based on a format of the control information and a location

of the conyfol information within a plurality of search spaces in the control channel.

94. 4 The method of claim 93, wherein the plurality of search spaces in the control
chgfnel comprises a plurality of user-specific search spaces and a plurality of common

carch spaces.

93. The method of claim 94, wherein:
a first plurality of control information formats is associated with a first

scrambling code and the plurality of common scarch spaces, and
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a second plurality of control information formats, including the first plurayfty of
control information formats, is associated with a second scrambling code and jfe
plurality of user-specific search spaces, wherein the second scrambling cog £is different

from the first scrambling code.

96. A method, comprising:

searching a plurality of search spaces in a control changl of a communications
carrier for scrambled control information; "

blind-decoding the plurality of search spaces witpfa plurality of descrambling
codes to extract the control information; and '

determining a presence of a cross-carrier cgfitrol indicator based on a format of
the control information and a location of the coglrol information in the plurality of

search spaces.

97.  The method of claim 96, whercjfl the plurality of search spaces in the control
channel comprises a plurality of coggfnon search spaces and a plurality of user-specific

search spaces.

98.  The method of clairg™7, wherein:

a first plurality offfontrol information formats is associated with a first
descrambling code angfthe plurality of common search spaces, and

a second plyfality of control information formats, including the first plurality of
control informatyhn formats, is associated with a second descrambling code and the
plurality of ugff-specific search spaces, wherein the second descrambling code is

different fighn the first descrambling code.

99. JAn apparatus, comprising:

a processor; and

a memory comprising processor executable code that, when executed by the
processor, configures the apparatus to:

format control information, in a control channel of a communications carrier,

with a cross-carrier control indicator; and
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scramble the control information with a scrambling code, wherein the
scrambling code is selected based on a format of the control information and a Jcation

of the control information within a plurality of search spaces in the control ghannel.

100.  The apparatus of claim 99, wherein the plurality of scarch sp in the control
channel comprises a plurality of user-specific search spaces and a glurality of cornmon

search spaces.

101. The method of claim 99, wherein:

a first plurality of control information formats j§ associated with a first
scrambling code and the plurality of common seargyf spaces, and

a second plurality of control informationgormats, including the first plurality of
control information formats, is associated wi second scrambling code and the
plurality of user-specific search spaces, wifrein the second scrambling code is different

from the first scrambling code.

102.  An apparatus, comprising;

a processor; and

a memory comprisingfprocessor executable code that, when executed by the
processor, configures the ghparatus to:

search a pluraligf of search spaces in a control channel of a communications
carrier for scramblegf€ontrol information;

blind-decgfe the plurality of search spaces with a plurality of descrambling

control infffrmation and a location of the control information in the plurality of search

spaces.

194, The apparatus of claim 102, wherein the plurality of search spaces in the control
annel comprises a plurality of common search spaces and a plurality of user-specific

search spaces.
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104. The apparatus of claim 103, wherein:

a first plurality of control information formats is associated witpffa first
descrambling code and the plurality of common search spaces, and ¢

a second plurality of control information formats, includi the first plurality of
control information formats, is associated with a second descrgh bling code and the
plurality of user-specific search spaces, wherein the seconescrambling code is

different from the first descrambling code.

105. A computer program product, embodied onfh non-transitory computer readable
storage medium, comprising;

program code for formatting control i rmation, in a control channel of a
communications carrier, with a cross-carrigh control indicator; and

program code for scrambling thgfcontrol information with a scrambling code,
wherein the scrambling code is selectfd based on a format of the control information
and a location of the control inforgfation within a plurality of search spaces in the

control channel.

106. A computer progragl product, embodied on a non-transitory computer rcadable
storage medium, compriging:

program code Jor searching a plurality of search spaces in a control channel of a
communications cagfier for scrambled control information;

program ghde for blind-decoding the plurality of search spaces with a plurality
of descramblingl codes to extract the control information; and

pro code for determining a presence of a cross-carrier control indicator
based on aformat of the control information and a location of the control information in

the plurgfity of search spaces.

107 An apparatus, comprising:

means for formatting control information, in a control channel of a
communications carrier, with a cross-carrier control indicator; and

means for scrambling the control information with a scrambling code, wherein
the scrambling code is selected based on a format of the control information and a
location of the control information within a plurality of scarch spaces in the control

channel.
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108.  An apparatus, comprising:

means for searching a plurality of search spaces in a control channel of a
communications carrier for scrambled control information;

means for blind-decoding the plurality of search spaces with a pluraljgf of
descrambling codes to extract the control information; and

means for determining a presence of a cross-carrier control ing#ator based on a

format of the control information and a location of the control infopfation in the

plurality of search spaces.
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WHAT IS CLAIMED IS:

1. A method, compnsing:

receiving a plurality of component carriers configured for a wireless
communication device, the plurality of component carriers comprising a plurality of
search spaces comprising one or more common search spaces and a plurality of user-
specific search spaces;

receiving a cross-carrier indicator configured to enable cross-carrier signaling
for a first component carrier; and

determining whether the cross-carrier indicator is present in a control
information format carried on a second component carrier, based on an association of
the control information format with a search space on the second component carrier,
wherein the cross-carrier indicator is located in a subset of the plurality of user-specific

search spaces associated with a subset of the plurality of component carriers.



