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BLIND DECODING

Radio communication systems typically involve the transmission
of downlink control information via radio resources whose precise
identity is not known to the intended recipient (s) of the downlink
control information. A receiving device finds downlink control
information intended for it by repeatedly selecting different
candidate sets of radio resources and attempting to successfully
decode the signals carried on said sets of radio resources. This

is known as blind decoding.

It has been proposed to make such unscheduled transmissions of
downlink control informationaccording toanenhanced transmission
technique by which gains, such as frequency-domain packet
scheduling (FDPS) gain, canbe targeted; whilst continuing toalso
make unscheduled transmissions according to the conventional

transmission technique.

There hag been identified the challenge of reducing the processing
power required by a communication device to performblind decoding

under the above-mentioned proposal.
Summary

According to a first aspect of the invention, there is hereby
provided a method, comprising: inasystem in which a communication
device searches for unscheduled transmissions of downlink control
information for said communication device: selecting a com-
binationof gsearchspaces forunscheduled transmissionsof downlink
control information for a communication device by a plurality of

transmission tech-
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nigues: wherein the communication device applies blind decoding
in finding the downlink control information for the communication
device, wherein the selecting comprises selecting a respective
set of one or more aggregation levels for each of said plurality
of transmigssion techniques, wherein a plurality of aggregation
levels are available for the transmission of downlink control
information and a respective search space is predefined for each
aggregationlevel foreachtransmission technique and transmitting
an indication of a result of the selected combination identifying
the selected sets of one or more aggregation levels to said

communication device.

According to a second aspect, there is a method comprising in a
system in which a radio access network transmits indications of
the results of gelections of combinations of search spaces for
unscheduled transmissions by a plurality of transmission
techniques of downlink control information for one or more
communication devices, wherein the communication device applies
blind decoding in finding the downlink control information for
the one or more communication devices: searching at a £first
communication device for unscheduled transmissions of downlink
control information for said communication device; wherein said
searching igs performed either: (a) on the basis of a transmitted
indicationof the result of aselection for said first communication
device of a combination of search spaces for unscheduled
transmissions by said plurality of transmission techniques of
downlink control information, the indicationidentifying selected
respective get of one or more aggregation levels for each of said
plurality of transmission techniques, wherein a plurality of
aggregation levels are available for the transmission of downlink
control information and a respective search space is predefined
for each aggregation level for each transmission technique; or

{(b) in the absence of a transmitted indication of the result of
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a selection for said first communication device of a combination
of search spaces for unscheduled transmissions by said plurality
of transmission techniques of downlink control information, on
the basis of a default combination of search spaces and aggregation
levels for unscheduled transmissions by said plurality of
transmission techniquesg of downlink control information for said

first communication device.

According toa third aspect, there is amethod comprising searching
at a first communication device for unscheduled transmissions of

downlink control information for said communication device
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by a plurality of transmission techniques, wherein the com-
munication device applies blind decoding in finding the downlink
control information for the communication device; wherein said
searching is performed on the basis of a transmitted indication
of the regult of a selection of a combination of search spaces
for unscheduled transmissions of downlink control information for
said first communication device by said plurality of transmission
techniques, the indication identifying selected respective set
of one or more aggregation levels for each of said plurality of
transmissiontechniques, whereinapluralityof aggregationlevels
are available for the transmission of downlink control information
and a respective search space is predefined for each aggregation

level for each transmission technigue.

According to a fourth aspect, there is an apparatus comprising
a processor and memory including computer program code, wherein
the memory and computer program code are configured to, with the
processor, cause the apparatus to: in a system in which a
communication device searches for unscheduled transmissions of
downlink control information for said communication device,
wherein the communication device applies blind decoding in £inding
the downlink control information for the communication device:
select acombinationof searchspaces forunscheduledtransmissions
of downlink control information for a communication device by a
plurality of transmission technigues, wherein the memory and
computer program code are further configured to, with the
processor, cause the apparatus to: select a respective set of one
or more aggregation levels for each of saild plurality of
transmissiontechniques, whereinapluralityof aggregationlevels
are avallable for the transmission of downlink control information
and a respective search space is predefined for each aggregation
level for each transmission technique: and transmitting an

indication of the result of the selected combination identifying
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the selected set of one or more aggregation levels to said

communication device.

According to a fifth aspect, there is an apparatus comprising:
a procesgssor and memory including computer program code, wherein
the memory and computer program code are configured to, with the
processor, cause the apparatus to: in a system in which a radio
access network transmits indications of the results of selections
of combinations of search spaces for unscheduled transmissions
by a plurality of transmission techniques of downlink control
information for one or more communication devices: search at a

first communication device for unscheduled trans-
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migsiong of downlink control information for said communication
device, wherein the communication device applies blind decoding
in finding the downlink control information for the communication
device; wherein said searching is performed either: (a) on the
basis of a transmitted indication of the result of a selection
for said first communication device of a combination of search
spaces for unscheduled transmissions by said plurality of
transmission technigques of down link control information, the
indication identifying selected respected set of one or more
aggregation levels for each of said plurality of transmission
techniques, whereinapluralityof aggregationlevelsareavailable
for the transmission of downlink control information and a
respective search space is predefined for each aggregation level
for each transmission technique; or (b) in the absence of a
transmitted indication of the result of a selection for said first
communication device of a combination of search spaces for
unscheduled transmissions by said plurality of transmission
technigques of downlink control information, on the basis of a
default combination of search spaces and aggregation levels for
unscheduled transmissions by said plurality of transmission
techniques of downlink control information for said first

communication device.

According to a sixth aspect, there is an apparatus comprising:
a processor and memory including computer program code, wherein
the memory and computer program code are configured to, with the
procesgsor, cause the apparatus to: searchat a first communication
device for unscheduled transmissions of downlink control in-
formation for said communication device by a plurality of
transmission techniques; wherein the communicationdevice applies
blind decoding in finding the downlink control information for
the communication device; wherein said searching is performed on

the basis of a transmitted indication of the result of a selection
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of a combination of search spaces for unscheduled transmissions
of downlinkcontrol informationforsaidfirst communicationdevice
by said plurality of transmission techniques, the indication
identifying selected respective set of one or more aggregation
levels for each of said plurality of transmission techniques,
wherein a plurality of aggregation levels are available for the
transmission of downlink control information and a respective
search space is predefined for each aggregation level for each

transmission technique.
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According to a seventh aspect, there is a computer program product
comprising program code means which when loaded into a computer
controls the computer to: in a system in which a communication
device searches for unscheduled transmissions of downlink control
information for said communication device, wherein the com-
munication device applies blind decoding in f£inding the downlink
control information for the communication device: select a
combination of search spaces for unscheduled transmissions of
downlink control information for a communication device by a
pluralityof transmission techniques, wherein the computer program
code is further configured to control the computer to: select a
respective set of one or more aggregation levels for each of said
plurality of transmission techniques, wherein a plurality of
aggregation levels are available for the transmission of downlink
control information and a respective search space is predefined
for each aggregation level for each transmission technique: and
transmitting an indication of the result of the selected
combination identifying the selected sets of one or more ag-

gregation levels to said communication device.

According to a eighth aspect, there is a computer program product
comprising program code means which when loaded into a computer
controlg the computer to: inasysteminwhicha radicaccess network
transmits indications of the results of selections of combinations
of search spaces for unscheduled transmissions by a plurality of
transmigsion techniques of downlink control information for one
or more communication devices, wherein the communication device
applies blind decoding in finding the downlink control information
for the communication device: search at a first communication
device for unscheduled transmissions of downlink control in-
formation for said communication device; wherein said searching

is performed either: (a) on the basis of a transmitted indication
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of the result of a selection for said first communication device
of a combination of search spaces for unscheduled transmissions
by said plurality of transmission techniques of downlink control
information, the indication identifying selected respected set
of one or more aggregation levels for each of said plurality of
transmissiontechniques, whereinapluralityof aggregationlevels
are available for the transmission of downlink control information
and a respective search space is predefined for each aggregation
level for each transmission technigue; or (b) in the absence of
a transmitted indication of the result of a selection for said
first communication device of a combination of search spaces for

unscheduled transmissions by said plurality
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of transmission techniques of downlink control information, on
the basis of a default combination of search spaces and aggregation
levels for unscheduled transmissions by said plurality of
transmission techniques of downlink control information for said

first communication device.

According to a nineth aspect, there is a computer program product
comprising program code means which when loaded into a computer
controls the computer to: search at a first communication device
for unscheduled transmigsiong of downlink control information for
said communication device by a plurality of transmission
technigues, wherein the communication device applies blind
decoding in finding the downlink control information for the
communication device; wherein said searching is performed on the
basis of a transmitted indication of the result of a selection
of a combination of search spaces for unscheduled transmissions
of downlinkcontrol information forsaid first communicationdevice
by said plurality of transmission techniques, the indication
identifying selected respected set of one or more aggregation
levels for each of said plurality of transmission techniques,
wherein a plurality of aggregation levels are available for the
transmission of downlink control information and a respective
search space i1s predefined for each aggregation level for each

transmission technique.

According to one embodiment, the method further comprises deciding
how much search space to assign to unscheduled transmissions of
downlink control information for said communication device by one
or more of said plurality of transmission techniques relative to
unscheduled transmissions of downlink control information for said
communication device by one or more others of said plurality of

transmission techniques.



According to one embodiment, said selecting comprises selecting
a predefined combination from a plurality of predefined com-

binations
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According to one embodiment, said plurality of predefined
combinationg includes a predefined combination according to
which no gearch space is assigned to unscheduled transmis-
sions of downlink control information by one of said plurali-

ty of transmission techniques.

According to one embodiment, a plurality of aggregation lev-
els are used for the transmission of downlink control infor-
mation, and a respective search space is predefined for each
aggregation level for each transmission technique; and the
method further comprises: selecting a respective set of one
or more aggregation levels for each of said plurality of

transmission technigques; and transmitting an indication of
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the selected respective sets of aggregation levels to said

communication device.

According to one embodiment, sald selecting is performed at
least partly on the basis of one or more of: (a) the size of
the load on the cell in which the transmissions are made, and
(b} channel state information for the wireless interface with

the communication device.

There is also hereby provided a methcd, comprising: in a sys-
tem in which a communication device searches for unscheduled
transmissiocns of downlink control information messages for
said communication device according to a plurality of message
formats: selecting a respective set of one or more search
spaces for each of saild plurality of message formats; and
transmitting to said communication device an indication of
the result of said selection of respective sets of one or

more search spaces.

According to one embodiment, a plurality of aggregation lev-
eis are used for the transmission of downlink control messag-
es, and a respective search space is predefined for each ag-
gregation level; and the method further comprises: selecting
a respective set of one or more aggregation levels for each
of said plurality of message formats; and transmitting an in-
dication of the selected respective sets of aggregation lev-

els to said communication device.
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According to one embodiment, the plurality of message formats
includes first and second message formats providing control
information for a transmission according to respective first
and second transmission modes; and the selecting takes into
account an indication of the respective transmission error

probability for the first and second transmission modes.

There is also hereby provided a method, comprising: in a sys-
tem in which a radio access network transmits indications of
the results of selections of combinations of search spaces
for unscheduled transmissions by a plurality of transmission
technigues of downlink control information for ons or more
communication devices: searching at a first communication de-
vice for unscheduled transmissions of downlink contreol infor-
mation for said communication device; wherein said searching
is performed either: (a) on the basis of a transmitted indi-
cation of the result of a selection for sald first communica-
tion device of a combination of search spaces for unscheduled
transmissions by said plurality of transmission techniques of
downlink control information; or (b) in the absence of a
transmitted indication of the result of a selection for said
first communication device of a combination of search spaces
for unscheduled transmissions by saild plurality of transmis~
sion technigues of downlink control information, or the basis
of a default combination of search spaces for unscheduled
transmissions by saild plurality c¢f transmission techniques of
downlink contrel information fcr said first communication de-

vice.

There is also hereby provided a nethod comprising: searching

at a first communication device for unscheduled transmissions
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cf downlink control information for sald communication device
by a plurality of transmission technigues; wherein said

vl

searching is performed on the basis 0f a transmitted indica-
tion of the result of a selection of a combination of search
spaces for unscheduled transmissions of downlink control in-
formation for said first communication device by said plural-

ity of transmission technigues.

According to one embodiment, said transmitted indication in-
dicates how much search space has been assigned to unsched-
uled transmissions of downlink control information for said
first communication device by cne or more of said plurality
of transmission techniques relative to unscheduled transmis-
sions c¢f downlink control information for said first communi-~
cation device by one or more others of said plurality of

transmission techniques.

According to one embodiment, salid transmitted indication

identifies one of a plurality of predefined combinations.

According to one embodiment, sald plurality of predefined
combinations includes a predefined combination according to
which no search space is assigned to unscheduled transmis-
sicns of downlink control information by one of said plurali-

ty of transmission techniques.

According to one embodiment, a plurality of aggregation lev-
2ils are used for the transmission of downlink control infor-

mation, and a respective search space 1is predefined for each
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aggregation level for each transmission technigue; and said
transmitted indication identifies a respective set of one or
more aggregation levels for each of said plurality of trans-

mission technigues.

There is alsc hereby provided a method, comprising: in a sys-
tem in which a radio access network transmits unscheduled
transmissions of downlink control information messages for a
pilurality of communication devices according to a plurality
of message formats, and in which saild radio access network
transmits indications of the results of selections for one or
more communication devices of respective sets of one or more
search spaces for each of said plurality of message formats:
searching at a first communication device for unscheduled
transmissicns of downlink control information for said first
communication device; wherein said searching is performed ei-
ther: {(a) on the basis of a transmitted indication of the re-
sult of a selection for said first communication device of a
respective set of one or more search spaces for each of said
plurality of message formats; or (b) in the absence of a
transmitted indication of the result of a selection for said
first communication device of a respective set of one or more
search spaces for each of said plurality of message formats,
on the basis cf a respective default set of one or more

search spaces for each of said plurality of message formats.

There is alsc hereby provided a method, comprising: searching
at a first communication device for unscheduled transmissions
of downlink control information messages for said first com-
munication device according to a plurality of message for-

mats: wherein said searching is performed based on a trans-
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mitted indication of the result of a selection of a respec-
tive set of one or more search spaces for each of said plu-

rality of message formats.

According to one embodiment, a plurality of aggregation lev-
els are used for the transmission of downlink control messag-
es, and a respective search space is predefined for each ag-
gregation level; and wherein the transmitted indication iden-
tifies a respective selected set of one or more aggregation

levels for each of saild plurality of message formats.

There 1s also hereby provided an apparatus comprising: a pro-
cessor and memory including computer program code, wherein
the memory and computer program code are configured to, with
the processor, cause the apparatus to: in a system in which a
communication device searches for unscheduled transmissions
of downlink control information for said communication de-
vice: select a combination of search spaces for unscheduled
transmissions of downlink control information for a communi-
cation device by a plurality of transmission technigues: and
transmitting an indication of the result of the selected com-~

bination to said communication device.

According to one embocdiment, the memory and computer program
code are further configured to, with the processor, cause the
apparatus to: decide how much sesarch space to assign to un-
scheduled transmissions of downlink control information fox
sald communication device by one or more of sald plurality of
transmission techniques relative to unscheduled transmissions

of downlink control information for said communication device
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by one or more others of said plurality of transmission tech-

nigues.

According to one embodiment, the memcry and computer program
code are further configured to, with the processor, cause the
apparatus to: select a predefined combination from a plurali-

ty of predefined combinations.

According to one embodiment, said plurality of predefined
corbinations includes a predefined combination according to
which nc search space 1s assigned to unscheduled transmis-
sions of downlink control information by one of said plurali-

ty of transmission techniques.

According to one embodiment, a plurality of aggregation lev-
elg are used for the transmission of downlink control infor-
mation, and a respective search space is predefined for each
aggregation level for sach transmission technicue; and where-
in the memory and computer program code are further config-
ured teo, with the processor, cause the apparatus to: select a
respective set of one or more aggregation levels for each of
said plurality of transmission techniques; and transmitting
an indication of the selected respective sets of aggregation

levels to said communication device.

According to one embodiment, the memcry and computer program
code are further configured to, with the processor, cause the
apparatus to: perform saild selection at least partly on the

basis of one or more of: (a) the size cf the load on the cell
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in which the transmissions are made, and (b) channel state
information for the wireless interface with the communication

device.

There is also hereby provided an apparatus comprising: a pro-
cessor and memory including computer program code, wherein
the memory and computer program code are configured to, with
the processor, cause the apparatus tc: in a system in which a
communication device searches for unscheduled transmissions
of downlink control information messages for sald communica-
tion device according to a plurality of message formats: se-
lect a respective set of cne or more search spaces for each
of said plurality of message formats; and transmitting to
sald communicaticn device an indication of the result i said

selection cof respective sets of one or more search spaces.

Bccording to cone embodiment, a plurality of aggregation lev-
els are used for the transmission cof downlink control messag-
es, and a respective search space is predefined for each ag-
gregation level; and wherein the memory and compulber program
code are further configured to, with the processor, cause the
apparatus to: select a respective set of one or more aggrega-
tion levels for each of said plurality of message formats;
and transmit an indication of the selected respective sets of

aggregation levels to saild communication device.

According to one embodiment, the plurality of message formats
includes first and second message formats providing control
information for a transmission according to respective first

and second transmission modes; and wherein the memory and
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computer program code are further configured to, with the
processor, cause the apparatus to: perform said selection
taking intoc account an indication of the respective transmis-
sion error probability for the first and second transmission

modes.

There is also hereby provided an apparatus comprising: a pro-
cessor and memory including computer program code, wherein
the memory and computer program code are configured to, with
the processor, cause the apparatus to: in a system in which a
radic access network transmits indications of the results of
selections of combinations of search spaces for unscheduled
transmissions by a plurality of transmission techniques of
downlink control information for one or more communication
devices: search at a first communicaticn device for unsched-
uled transmissions of downlink control information for said
communication device; wherein said searching 1s performed ei-
ther: (a) on the basis of a transmitted indication of the re-
sult of a selection for said first communication device of a
combination cf search spaces for unscheduled transmissions by
sald plurality of transmission techniques of downlink control
information; or (b} in the absence of a transmitted indica-
tion of the result of a selection for said first communica-
tion device cof a combination of search spaces for unscheduled
transmissions by said plurality of transmission techniques of
downlink control information, on the basgis of a default com-
bination o©f search spaces for unscheduled transmissions by
said plurality of fransmission technigues cof downlink control

information for said first communication device.
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There is also hereby provided an apparatus comprising: a
processor and memory including computer program code, wherein
the memory and computer program code are configured to, with
the processor, cause the apparatus to: search at a first com-
munication device for unscheduled transmissicns of downlink
control information for said communication device by a plu-
rality of transmission techniques; wherein said searching is
performed on the basis of a transmitted indication of the re-
sult of a selection of a combination of search spaces for un-
scheduled transmissions of downlink contreol information for
said first communication device by said plurality of trans-

mission technigues.

According to cne embodiment, sald transmitted indication in-
dicates how much search space has been assigned to unsched-
uled transmissions of downlink control information for said
first communication device by one or more of said plurality
cf transmission techniques relative to unscheduled transmis-
sions of downlink control information for seid first communi-
caticn device by one or more others of sald plurality of

transmissicn techniques.

According to one embodiment, sald transmitted indication

identifies one of a plurality of predefined combinations.

According to one embodiment, sald plurality of predefined
combinations includes a predefined ccombination according to
which no search space 1is assigned to unscheduled transmis-
sions of downlink control information by one of said plurali-

ty of transmission techniques.
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According to one embodiment, a plurality of aggregation lev-
els are used for the transmission of downlink control infor-
mation, and a respective search space is predefined fcr each
aggregation level for each transmission technique; and said
transmitted indication identifies a respective set of one or
more aggregation levels for each of said plurality of trans-

mission tfechnigues.

There is also hereby provided an apparatus comprising: a pro-
cessor and memory including computer program code, wherein
the memory and computer program code are configured to, with
the processor, cause the apparatus tc: in a system in which a
radio access network transmits unscheduled transmissions of
downlink control information messages for a pluraiity of com~
municaticn devices according to a plurality of message for-
mats, and in which said radio access network transmits indi-
cations of the results of selections for one or more communi-
cation devices of respective sets of one or more search spac-
es for each cf sald plurality of message formats: search at a
first communication device for unscheduled transmissions of
downlink contrcl information for said first communication de-
vice; wherein saild searching is performed either: {a) on the
paslis of a transmitted indication of the result of a selec-
ticn for said first communication device of a respective set
of one or more search spaces for each of sald plurality of
message formats; or (b) in the absence of a transmitted indi-
cation of the result of a selection for said first communica-
tion device of a respective set of one or more search spaces
for each of said plurality of message formats, on the basis
of a respective default set of one or more sgearch spaces for

esach of saild plurality of message formats.
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There is alsc hereby provided an apparatus comprising: a pro-
cessor and memory including computer program code, wherein
the memory and computer program code are configured to, with
the processor, cause the apparatus to: search at a first com-
munication device for unscheduled transmissions of downlink
control information messages for said first communication de-
vice according to a plurality of message formats: wherein
said searching 1s performed based on a transmitted indication
of the result of a selection of a respective set of one or
more search spaces for each of saild plurality of message for-

mats.

According to one embodiment, a plurality of aggregation lev-
els are used for the transmission c¢f downlink control messag-
es, and a respective search space is predefined for each ag-
gregation level; and wherein the transmitted indication iden-
tifies a respective selected set of one or more aggregation

levels fcr each of said plurality of message formats.

There is also hereby provided a computer program product com-
prising program code means which when loaded into a computer
controis the computer to: in a system in which a communica-
tion device searches for unscheduled transmissions of down-
link control information for said communication device: se-
lect a combination of search spaces for unscheduled transmis-
sions of downlink control information for a communication de-
vice by a plurality of transmission technigues: and transmit-
ting an indication of the result of the selected combination

to said communication device.
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There is also hereby provided a computer program product com-
prising program code means which when loaded into a computer
controls the computer to: in a system in which a communica-
tion device searches for unscheduled transmissions of down-
link control information messages for saild communication de-
vice according to a plurality of message formats: select a
respective set of one or more search spaces for each of said
plurality of message formats; and transmitting to said commu-
nication device an indication of the result of said selection

cf respective sets of one or more search spaces.

There 1s alsc hereby provided a computer program product com-
prising program code means which when Jloaded into a computer
controls the computer to: in a system in which a radio access
network transmits indications of the results of selections of
combinations of search spaces for unscheduled transmissions
by a plurality of transmission techniques of downlink control
information for one or more communication devices: search at
a first communication device for unscheduled transmissions of
downlink contrcl informaticn for sald communication device;
wherein said searching is pexformed either: (a) on the basis
cf a transmitted indication of the result of a selection for
said first communication device of a combination of search
spaces for unscheduled transmissions by said plurality of
transmission ftechnigques of downiink control information; or
(b) in the absence 0f a transmitted indicaticn of the result
cf a selection for sailid first communication device of a com~
bination of search spaces for unscheduled transmissions by
sald plurality of transmission techniques of downlink control
information, on the basis of a default combination of search

spaces for unscheduled transmissions by said plurality of
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transmission technigues of downlink control information for

salid first communication device.

There 1s alsc hereby provided a computer program product com-
prising program code means which when loaded into a computer
controls the computer to: search at a first communication de-
vice for unscheduled transmissions of downlink control infor-
mation for sailid communication device by a plurality of trans-
mission technigques; wherein said searching is performed on
the basis of a transmitted indication of the result of a se-
lection of a combination of search spaces for unscheduled
transmissions of downlink control information for said first
communication device by said plurality of transmission tech-

niques.

There is also hereby provided a computer program product com-
prising prodgram code means which when loaded into a computer
controls the computer to: in a system in which a radio access
network transmits unscheduled zransmissions of downlink con-
trol information messages for a plurality of communication
devices according to a plurality of message formats, and in
which said radio access network transmits indications of the
results of selections for one c¢r more communication devices
of respective sets of one or more search spaces for each of
sald plurality of message formats: search at a first communi-
cation device for unscheduled transmissions of downlink con-
trel information for said first communication device; wherein
said searching is performed either: (a) on the basis of a
transmitted indication of the result of a selection for said
first communication device of a respective set of one or more

search spaces for each of said plurality of message formats:;
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cr (b} in the absence of a transrmitted indication of the re-
sult of a selection for sald first communication device of a
respective set of one or more search spaces for each of said
plurality of message formats, c¢n the basis c¢cf a respective
default set of one or more search spaces for each of said

plurality cf message formats.

There is alsc hereby provided a computer program product com-
prising program code means which when locaded into a computer
controls the computer to: search at a first communication
device for unscheduled transmissions of downlink control in=-
formation messages for said first communication device ac-
cording to a plurality of message formats: wherein said
searching 1s performed based on a transmitted indication of
the result of a selection of a respective set of one or more

search spaces for each of said plurality of messags formats.

According to one embodiment, said plurality of transmission
technigues include: a first transmission technique involving
the transmission of one or more reference signals specific to
sald communication device; and a second transmission tech-
nigque that does not involve transmission of one or more ref-

erence signals specific to saild communication device.

According to one embodiment, said plurality of transnission
techniques include: a first transmission technigue involving
the transmission of both one or more reference signals spe-
cific to said communication device and one or more channel-

state-information reference signals; and a second transmis-
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sion technique involving transmission of one or more cell-

specific reference signals.

According to one embodiment, said plurality of transmission
technigues include: a first transmission technique involving
the precoding and transmission of demodulation reference sig-
nals together with the precoding and transmission of data
symbols defining downlink control information, and the trans-
mission of one or more channel state information reference
signals together with the transmission of precoded data sym-
bols defining downlink control information; and a second
transmission technique that involves transmission of cell-
spaecific reference signals together with transmission of

precoded data symbols defining downlink control information.

Fmbodiments of the present invention are described in detail
hereunder, by way of example only, with reference to the ac-

companying drawings, in which:

Figure 1 illustrates an example of a cellular network in

which embodiments cof the present inventiocn are implemented;

Figure 2 illustrates an example of apparatus for use at user

equipment in Figure 1;

Figure 3 illustrates an example of apparatus fcr use at

eNodeB in Figure 1;

Figure 4 illustrates an example of a transmission techrigue

for transmitting downlink control information;

Figure 5 illustrates an example of another transmission tech-

nigue for transmitting downlink control information;
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Figure 6 illustrates an example of operations at a network
access node and user eguipment of Figure 1 1in accordance with

a first embodiment of the present invention;

Figure 7 illustrates an example of operaticns at a network
access node and user equipment of Figure 1 in accordance with

a second embodiment of the present invention.

Embodiments of the invention are described in detall below,
by way of example only, in the context of a cellular network

operating in accordance with an E-UTRAN standard.

Figure 1 1illustrates an example of a cellular network in
which embodiments of the present inventicn can be implement-
ed. The cellular network includes cells 4 with tTransceivers
at respective eNodeBs (eNBs). Only nine cells are shown in
Figure 1, but a& mobile telecommunication network will typi-
cally comprise tens of thousands of cells. BEach eNB 2 is

connected by a wired link to a core network (not shown).

Figure 2 shows a schematic view of an example of user equip-
ment 8 that may be used for communicating with the eNBs 2 of
Figure 1 via a wireless interface. The user equipment (UE} 8
may be used for wvarious tasks such as making and receiving
vhone callis, for receiving and sending data from and tc a da-
ta network and for experiencing, for example, multimedia or

other content.

The UE 8 may be any device capable of at least sending or re-

celving radio signals to or from the eNBs 2 of Figure 1. Non-
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limiting examples include a mobile station (MS), a portable
computer provided with a wireless interface card or other
wireless interface facility, personal data assistant (PDA)
provided with wireless communication capabilities, or any
combinations of these or the like. The UE 8 may communicate
via an appropriate radio interface arrangement of the UE 8.
The interface arrangement may be provided for example by
means cf a radio part and associlated antenna arrangement. The
antenna arrangement may be arranged internally or externally

fo the UE 8.

The UE 8 may be provided with at least one data processing
entity 203 and at least one memory or data storage entity 217
for use in tasks 1t 1s designed to perform. The data proces-
sor 213 and memory 217 may be provided on an appropriate cir-

cult board 219 and/or in chipsets.

The user may control the operation of the UE 8 by means of a
sultable user interface such as key pad 201, voice commands,
touch sensitive screen or pad, combinations thereof or the
like. A display 215, a speaker and a microphone may also be
provided. Furthermore, the UE 8 may comprise appropriate con-
nectors (either wired or wireless) to other devices and/or
for connecting external accassories, for example hands-free

equipment, thereto.

Figure 3 shows an example of apparatus for use at the eNBs 2
cf Figure 1 and for serving the cell 4 in which UE 8 is lo-
cated. The apparatus comprises a radio frequency antenna ar-

ray 301 configured to receive and transmit radio frequency
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signals; radio frequency interface circuitry 303 configured
to interface the radic freguency signals received and trans-
mitted by the antenna 301 anc the data processor 306. The ra-
dio frequency interface circuitry 303 may alsc be known as a
transceiver., The apparatus alsc comprises an interface 309
via which it can send and receive information to and from one
or more other network nodes. The data processor 306 1s con-
figured to process signals from the radio frequency interface
circuitry 303, ceontrol the radio freguency interface circuit-
ry 303 to generate suitable RF signals to communicate infor-
mation to the Uz 6 via the wireless communications link, and
also to exchange information with cther network nodes via the
interface 309. The memory 307 is used for storing data, pa-

rameters and ‘nstructions for use by the data processor 30€.

It would be appreciated that the apparatus shown in each of
figures 2 and 3 described above may comprise further elements
which are not directly involved with the embodiments of the

invention descriked hereafter.

As indicated at 3GPP TS 36.212 Section 5.3.3, downlink con-
trol information (DCI) can comprise one or more of downlink
or uplink scheduling information, reguests for aperiodic CQI
(channel quality information) reports, notifications of MCCH
(multicast control channel) change and uplink power control

commands .

Different message formats are used depending on the purpose

cf the downlink control information.
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For example, the format identified at 3GPP TS 36.212 Section
5.3.3.1.2 as DCI Format 1 is usec for communicating resource
assignments for single codeword PDSCH transmissions; and the
format identified at 3GPP TS 36.212 Section 5.3.3.1.3 as DCI
Format 2 is used for communicating resource assignments for

PDSCH for closed loop MIMO operation.

eNB 2 determines a PDCCH format to be transmitted to UE 8,
and creates a set of information bits according to the rules
set out at 3GPP TS 36.212 Section 5.3.3. The PDCCH formats
differ according to the number of contrcl channel elements
(CCEs) used for the transmission of the DCI message, which
number is referred toc as the aggregation level, L. For sxam-

ple, the aggregation level could be 1, 2, 4 or 8.

The information bits comprising one downlink control infor-
mation (DCI}) message are then sucjected to the attachment of
a CRC {cyclic redundancy check). The CRC is masked with an
RNTI (radio network temporary identifier) either associated
with the UE 8 for which the DCI message is inftended, or with
an RNTI associated with the usage c¢f the PDCCH ir the case of

a PDCCH intended for mulitiple recipients.

The resulting set of bits are then subjected to channel cod-
ing and rate matching, as described at 3GPP TS 36.212 Section
5.3.3.

As described at 3GPP TS 36.211 Secticn 6.3, the resulting set

of coded bits are transformed into a baseband signal by the
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following steps: (1) scrambling of coded bits; (i1} modula-
tion of scrambled bits to generate complex-valued modulation
symbols; (iii) mapping of the complex-valued modulation sym~
bols onto one or several transmission layers; (iv) precoding
of the complex-valued modulation symbols on each layer for
transmission on the antenna ports; (v} mapping of complex-
valued modulation symbols for each antenna port to resource
elements; and (vi) generation of complex~valued time-domain

OFDM signal for each antenna pcrt.

The eNB 2 transmits DCI messages for UE 8 according to two

different transmission techniques.

The first transmission technique is illustrated in Figure 4
and 1is a codebook-based transmission scheme that involves
transmitting the baseband signal defining the DCI message to-
gether with cell-specific reference signals (CRS), as de-
scribed at Section 6.10.1 o0f 3GPP TS 36.211 V10.4.0.
Precoding at eNB 2 and deprecoding at UE 8 is carried out us-
ing a precoding matrix (one cof a plurality of predefined dif-
ferent matrices whose collection s referred tc as a code-

book), whose identity is communicated by eNB 2 to UE 8.

The second transmission technique is 1llustrated in Figure 5
and involves subljecting UE-specific reference signals (DM~
RS) (as described at Section 6.10.3 of 3GPP TS36.211) to the
same precoding as the complex-valued modulation symbols de-
rived from the DCI bits; and transmitting the baseband signal
derived from the DCI message together with CSI reference sig-

nals (CSI-RS) (as described at Section 6.10.5 of 3GPP TS



10

15

20

25

30

WO 2013/135304 PCT/EPZI12/G540069

23

36,211) and the precoded Uk-specific reference signals. This
non-codebook-based transmission technigue does not use prede-
fined precoding matrices for the precoding and deprecoding.
eNB 2 freely selects downlink transmission weights for each
antenna of the antenna array without being restricted to one
of a limited predefined number of combinations. UE 8 makes
an estimate of the overall channel between eNB 2 and UE 8 us-
ing the UE-specific reference signals that are precodec in
the same way as the set of complex-valued modulation symbols
derived from the DCT message. PDCCHs transmitted according
to this enhanced transmission technigue are known as enhanced

PDCCHs (ePDCCHS) .

UE 8 is not aware of exactly which sets of radio resources
(contrcl chanrel elements (CCEs) in a sub-frame) carry the
baseband signal defining the DCI message(s) for UE 8. In
order to find PDCCH(s) intended for UE 8, UE 8 performs blind
decoding by repeatedly selecting different sets of radio re-
sources (that it knows are used for PDCCHs/ePDCCHs) as
PDCCH/ePDCCH candidates, and attempting to successfully de-
code the respective baseband signals. The attempts at decod-
ing involve demasking the CRC using the Cell-RNTI assigned to
UE 8. If no CRC error is detected, the decoding attempt is
deemed to be successful, and UE 8 reads the control infor-

mation defined by the decoded bits.

Because the decoding attempts involve setting the size of the
DCI message as an input {(which size depends on the DCI For-
mat), UE 8 may need to subject each PDCCE/ePDCCH candidate to
a separate decoding attempt for each of the two DCI formats

that are specified for UE 8 according to the transmission
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mode of UE 8 and whether or not the PDCCH/ePDCCH for UE 8 is
included in the common search space (CSS) or the UE-specific

search space (USS).

One example of possible aggregation levels for a DCI message
is shown in Table 1 below for both FPDCCH and ePDCCH. Table 1
also shows the search space size for each aggregation level.
The search space size indicates the size of the set of radio
resources (expressed in terms of the number of CCEs) in which
the PDCCH or e-PDCCH of *the respective aggregation level
could ke found. The search spaces for each aggregation
level are predefined sets cof radio resources (CCEs) whose
identity 1is pre-stored at UE 8. The maximum number of
PDCCH/ePDCCH candidates that UE 8 would need to check ia or-
der to find a PDCCH/ePDCCH of a certain type (i.e. either
PDCCH or ePDCCH) and aggregation level is given by the re-

spective search space size divided by the respective aggrega-

mats,

20 each PDCCH/ePDCCH candidate,

ion level. If the DCI message can have one of two DCI for-~

UE 8 may nesed to make up to two decoding attempts for

because of the different sizes

of the different DCI formats.
Table 1

Search space S{”of PDCCH Number of | Search space S{”of | Number of
Aggregation Size didﬁfes Aggregation Bize candiiates

Type g%évsi L [in M gfév:i I [in M

CCEs} eCCEs]

1 & A 1 & U

UE- 2 12 B 2 12 A

specific 4 8 C 4 8 W

8 16 D 8 16 X

Common 4 16 E 4 16 Y

8 i¢ ¥ 8 16 7
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If no restrictions were set by eNB 2 on what aggregation lev-
el are used for DCI messages for UZ 8, the maximum number of
PDCCH/ePDCCH candidates that UE 8 would have to make decoding
attempts for would be forty-four {44).

BAccording to this first embodiment of the present invention:
in order to assist UE 8 in finding the baseband signals for
the DCI message(s) for UE 8 in a sub-frame (and thereby re-
duce the processing power required at UE 8 for blind decod-
ing), eNB 2 sets restrictions on which aggregation levels
{(PDCCH formats) it uses for DCI messages for UE 8, and trans-
mits an indication of the restrictions to UE 8 by higher lay-
er signalling such as RRC signalling or MAC-CE sigrnalling, in
advance of the PDCCHE transmissions to which the restrictions

apoly.

With reference to Figure 6, eNB 2 decides how much total
search space to assign to DCI by PDCCH relative to ePDDCE
(STEP 602), and selects a combination of predefined search
spaces for transmission of DCI by PDCCH and ePDCCH (STEP
804). eNB 2 then transmits to UE 8 a message identifving the
selected combination of search spaces (STEP 606). UE 8 re-
ceives this transmitted message (STEP 608), and restricts the
searching it performs as part of blind decoding to the se-
lected combinaticn of search spaces identified in the nmessage

received from eNB 2 (STEP 610).

According to one example: subject to any limitations result-
ing from the blind decocding capability of UE 8 (i.e. the max-

imum number of decoding attempts that UE can make in a sub-
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frame), eNB freely sets each of A to F and U to Z of Table 1
to zero or the maximum number of candidates according to
whether or not the respective combination of PDCCH/ePDCCH
type and aggregation level 1s to be used for UE 8; and infor-
nation of the chosen settings is communicated to UE 8. For
example, eNB 2 could set each of A to ¥ and U to Z such that
the maximum total number of PDCCH/ePDCCH candidates is 22,
which is the maximum total number of PDCCH candidates under
the conventional procedure (usirg only PDCCH and not ePDCCH)
described at Section 9.7.1 of 3GPP 75 36.213. This communica-
tion to UE & of values for A to F and U to Z can be done by

separated encoding or Jjoint encoding.

One combination of A to F and U tc Z can be chosen as a de-~
fault combination whose selection does not need to be commu-
nicated to UE 8, because UE B is preconfigured to adopt this

default configuration in the absence of any transmitted indi-

t

ca
to
€; B = 6; C=2; D=2; E =4; F= 2 and all ¢f U o Z = 0.

ion about the selection of a combination of A to ¥ and U
A

a
for UE 8. One exanple of a default combination is: A =

According to this default combination, no unscheduled trans-

missions of DCI are made via ePDCCH, only via PDCCH.

According to another exanmple aimed at reducing the overhead
for the communication to UE 8, eNB 2 selects for UE 8 one of
a plurality of predefined configurations, and communicates
the identity of the selected predefined configuration to UE 8
by means of a policy number recognisable to UE 8 as associat-
ed with a combination of values for A to F and U to Z pre-

stored at UE 8.
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For example, the plurality of predefined configurations could
be formulated such that there are predefined configurations
with different amounts of resources allocated tc PDCCH and
ePDCCH for UE 8. Examples include: (i} a configuration in
which A to F are each set to the maximum number oI candidates
and U to Z are each set to zerc (l.e. a maximum amount of re-
sources is allocated to PDCCH for UE 8 and no resources are
allocated to ePDCCH for UE 8); (ii) a configuration in which
the sum of A to F 1s 14 and the sum of U to Z is 8 (i.e.
about ftwice as many resources are allocated to PDCCH for UE
8 as to ePDCCH for UE 8); ({(iil) a configurazion in which the
sum of A to F is 8 and the sum of U to Z is 14 (i.e. about
twice as many resources are allocated to ePDCCH for UE 8 as
to PDCCH for UE 8); and {iv) a configuration in which A to ¥
are all set to zero and U to Z are each set to the maxinum
number of candidates (i.e. a maximum amount of resources 1is

allocated to ePDCCH for UE 8 and no resources are allocated

to PDCCH for UE 8).

The above-~described technicue provides a way to tradeofi gain
and load between PDCCH and ePDCCH. Allocating more resources
to PDCCH and less to ePDCCH can help to reduce the conflict-
ing ratio. On the other hand, a_locating more resources to
ePDCCH and less to PDCCH can increase the FDPS gain, user se-
lective gain etc.. eNB 2 decices cn an optimum allocation of
resources petween PDCCH and ePDCCH for UE 8 based on a number
of factors such as load and the state of the channel between
eNB 2 and UE 8.

According to a second embodiment: the amount of processing

power reqguired for blind dscoding at UE 8 is reduced by eNB 2
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placing further restrictions on the DCI formats that it uses
for DCI messages to UE 8 at one or more aggregation levels
via PDCCH and/or ePDCCH; and communicating the restrictions
to UE 8 by higher layer signalling such as RRC signalling or
MAC-CE signalling. For example, by restricting DCI messages
including PDSCH scheduling informaticn for UE 8 at ocne or
more aggregation levels to only cne DCI Format instead of two
DCI formats, and communicating this restriction from eNB 2 to
UE 8, the processing power required at UE 8 for blind decod-
ing can be reduced. For example, where DC1l Format 2 is used
to provide control information required for a scheduled
fransmission according to a preferred transmission mode, and
DCI Format 1 is used to provide control information required
for the same schedulecd transmission according to a fall-back
transmission mode (which is more reliable than sald preferred
mode in some situations such as when the UE is relatively
distant from eNB 2); then eNB 2 can decide to reduce the num-
ber of aggregation levels at which it sends DCI messages ac-
cording to DCI Format 2 if it determinesg that the probabkility
of the preferred fransmission mode resulting in a successful

transmission falls below a threshold value.

With reference *to Figure 7, eNB 2 decides how much total
search space to assign to DCI Format 1 relative to DCI Format
2 (STEP 702), and selects a combination of predefined search
spaces for DCI Formats 1 and 2 (STZIP 704). eNB 2 then trans-
mits to UE 8 a message identifying the selected combination
of search spaces (STEP 706}. UE 8 receives this transmitted
message (STEP 708), and restricts the searching it performs
as part of blinc decoding to the selected combination of
search spaces ldentified in the message received from eNB 2
(STEP 710).
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According to a third embodiment, the technique according to
the second embodiment is used in combination with the tech-

nigue according to the first embodiment.

The above-described cperations may require data processing in
the various entities. The data processing may be provided by
means of one or more data processors. Similarly various enti-
ties described in the above embodiments may be implemented
within a single or a plurality of data processing entities
and/or data processors. Appropriately adapted computer pro-
gram code product may be used for implementing the embodi-
ments, when loaded to a computer. The program coce product
for providing the cperation may be stored on and provided by
means of a carrier medium such as a carrier disc, card or
tape. A possibility is to download the program code product
via a data network. Implementation may be provided with ap-

propriate software in a server.

For example the embodiments of the invention may be imple-
mented as a chipset, in other words a series of integrated
circuits communicating among each other. The chipset may com-
prise microprocessors arranged to run code, application spe-
cific integrated circuits (ASICs), or programmable digital
signal processors for performing the operations described

abcve.

Embodiments cf the invention may be practiced in various com-
ponents such as integrated circuit modules. The design of
integrated circuits is by and large a highly automated pro-

cess. Complex and powerful software tools are available for
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converting a logic level design into a semiconductor circuit
design ready to be etched and formed on a semiconductor sub-

strate.

Programs, such as those provided by Synopsys, Inc. of Moun-
tain View, California and Cadence Design, of San Jose, Cali-
fornia automatically route conductors and locate components
on a semiconductor chip using well established rules of de-
sign as well as libraries of pre stored design modules. Once
the design for a semiconductor circuit has been completed,
the resultant design, in a standardized electronic format
(e.g., Opus, GDSII, or the like) may be transmitted to a sem-

iconductor fabricaticn facility or "fap" for fabrication.

In addition to the modifications explicitly mentioned above,
it will be evident to a person skilled in the art that vari-
ous other modifications of the described embodiment may be

made within the scopes of the invention.
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CLAIMS

1. A method, comprising: in a system in which a communication
device searches for unscheduled transmissions of downlink control
information for said communication device: selecting a com-
bination of search spaces for the unscheduled transmissions of
downlink control information for the communication device by a
plurality of transmission techniques, wherein the communication
device applies blind decoding in finding the downlink control
information for the communication device, wherein the step of
selecting the combination of search spaces comprises selecting
a respective set of one or more aggregation levels for each of
said plurality of transmission techniques, wherein a plurality
of aggregation levels are avallable for the transmission of
downlink control information and a respective search space is
predefined for each aggregation level for each transmission
technique: and transmitting an indication of a result of the
selected combination identifying the selected sets of one or more

aggregation levels to said communication device.

2. A method according to c¢laim 1, comprising deciding how much
gearch space to assign to unscheduled transmissions of downlink
control information for said communication device by one or more
of said plurality of transmission techniques relative to un-
gcheduled transmissions of downlink control information for said
communication device by one or more othexrs of said plurality of

transmission techniques.

3. A method according to any preceding claim, wherein said
selecting comprises selecting a predefined combination from a

plurality of predefined combinations.
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4. A method according to claim 3, wherein said plurality of
predefined combinations includes a predefined combination
according to which no search space is assigned to unscheduled
transmissions of downlink control information by one of said

plurality of transmission techniques.
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5. A method according to any preceding claim, wherein said
selecting is performed at least partly on the basis of one or more
of: (a) the size of the load on the cell in which the transmissions
are made, and (b) channel sgtate information for the wireless

interface with the communication device.

6. A method according to any preceding claim, wherein said
pluralityof transmissiontechniques include: a first transmission
technique involving the transmission of one or more reference
signals specific to said communication device; and a second
transmission technigque that does not involve transmission of one

or more reference signals specific to said communication device.

7. A method according to any preceding claim, wherein said
pluralityof transmissiontechniques include: a first transmission
technique involvingthe transmissionof bothone ormorereference
gignals specific to said communication device and one or more

channel-state-information reference gignals;
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and a second transmission technique involving transmission of one

or more cell-specific reference signals.

8. A method according to any preceding claim, wherein said
pluralityof transmission techniques include: a first transmission
technique involving the precoding and transmission of demod-
ulation reference signalg together with the precoding and
transmission of data symbols defining downlink control in-
formation, and the transmission of one or more channel state
information reference signals together with the transmission of
precoded data symbols defining downlink control information; and
a second transmission technique that involves transmission
of cell-specificreferencesignals togetherwith transmissionof

precoded data symbols defining downlink control information.
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9. A method, comprising: in a system in which a radio access
network transmits indications of the results of selections of
combinations of gsearch spaces for unscheduled transmissions by
a plurality of transmission techniques of downlink control
information for one or more communication deviceg, wherein the
communicationdeviceappliesblinddecoding in findingthedownlink

control information for the one or more communication devices:

searching at a first communication device for unscheduled
transmissions of downlink control information for said com-
munication device; wherein said searching is performed either:
(22) on the basis of a transmitted indication of the result of a
selection for said first communication device of a combination
of search spaces for unscheduled transmissions by said plurality
of transmission techniques of downlink control information, the
indication identifying selected respective set of one or more
aggregation levels for each of said plurality of transmission
techniques, whereinapluralityofaggregationlevelsareavailable
for the transmission of downlink control information and a
respective search space is predefined for each aggregation level
for each transmission technigue; or (b) in the absence of a
transmitted indication of the result of a selection for said first
communication device of a combination of search spaces for
unscheduled transmissions by said plurality of transmission
technigues of downlink control information, on the basis of a
default combination of search spaces and aggregation levels for

unscheduled transmissiong by
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said plurality of transmission techniques of downlink control

information for said first communication device.

10. A method, comprising: searching at a first communication
device for unscheduled transmissions of downlink control in-
formation for said communication device by a plurality of
transmission techniques, wherein the communicationdevice applies
blind decoding in finding the downlink control information for
the communication device; wherein said searching is performed on
the basig of a transmitted indication of the result of a selection
of a combination of search spaces for unscheduled transmissions
of downlink control information for said first communicationdevice
by said plurality of transmission techniques, the indication
identifying selected respective set of one or more aggregation
levels for each of said plurality of transmission techniques,
wherein a plurality of aggregation levels are available for the
transmissionof downlink control informationandrespective search
space is predefined for each aggregation level for each

transmission technique.

11. A method according to claim 9 or claim 10, wherein said
transmitted indication indicates how much search space has been
assigned to unscheduled transmissions of downlink control
information for said first communication device by one or more
of said plurality of transmission techniques relative to un-
scheduled transmissions of downlink control information for said
first communication device by one or more others of said plurality

of transmission techniques.
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12. A method according to any of claims 9 to 11, wherein gaid
transmitted indication identifies oneof aplurality of predefined

combinations.

13, A method according to claim 12, wherein said plurality of
predefined combinations includes a predefined combination

according to which no search space is assigned to
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unscheduled transmissgions of downlink control information by one

of said plurality of transmission techniques.

14. Amethodaccordingtoanyofclaims 9tol3, whereinaplurality
of aggregation levels are used for the transmission of downlink
control information, and a respective search space is predefined
for each aggregation level for each transmission technigue; and
sald transmitted indication identifies a respective set of one
or more aggregation levels for each of said plurality of

transmigsion techniques.

15. A method according to any of claims9 to 14, wherein said
pluralityof transmissiontechniques include: a first transmission
technique involving the transmission of one or more reference
gignals gpecific to said first communication device; and a second
transmission technique that does not involve transmission of one
or more reference signals specific to said first communication

device.

16. A method according to any of claims 9 to 15, wherein said
pluralityof transmissiontechniquesinclude: a first transmission
technique involvingthe transmissionof bothone ormore reference
gignals specific to said first communication device and one or
more channel-state-information reference signals; and a second
transmission technique involving transmission of one or more

cell-specific reference signals.



10

15

37

17. A method according to any of claims 9 to 16, wherein said
pluralityof transmissiontechniques include: afirst transmigsion
technique involving the precoding and transmission of demod-
ulation reference sgignals together with the precoding and
transmission of data symbols defining downlink control in-
formation, and the transmission of one or more channel state
information reference signals together with the transmission of
precoded data symbols defining downlink control information; and
a second transmission technique that involves transmission
of cell-specificreferencesignals togetherwith transmissionof

precoded data symbols defining downlink control information.

18. The method according to any of claims 1 to 17, wherein the
communicationdeviceappliesblinddecodingin findingthe downlink

control information intended to said communication device.
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19. BAn apparatus comprising: a processor and memory including
computer program code, wherein the memory and computer program
code are configured to, with the processor, cause the apparatus
to: in a system in which a communication device gearches for
unscheduled transmissions of downlink control information forsaid
communication device, wherein the communication device applies
blind decoding in finding the downlink control information for

the communication device

select a combination of search spaces for unscheduled
transmissions of downlink control information for a communication
device by a plurality of transmission techniques, wherein the
memory and computer program code are further configured to, with
the procegsor, cause the apparatus to: select a respective set
of one or more aggregation levels for each of said plurality of
transmissiontechniques, whereinapluralityof aggregationlevels
are available for the transmission of downlink control information
and a respective search space is predefined for each aggregation
level for each transmission technigque: and transmitting an
indication of a result of the selected combination identifying
the selected set of one or more aggregation levels to said

communication device.
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20. An apparatus according to claim 19, wherein the memory and
computer program code are further configured to, with the
processor, cause the apparatus to: decide how much search space
to assign to unscheduled transmissions of downlink control
information for said communication device by one or more of said
plurality of transmission techniques relative to unscheduled
transmigsions of downlink control information for said com-
munication device by one or more others of said plurality of

transmigsion techniques.

21. An apparatus according to claim 19 or claim 20, wherein
the memory and computer program code are further configured to,
with the processor, cause the apparatus to: select a predefined

combination from a plurality of predefined combinations.

22. An apparatus according to c¢laim 21, wherein said plurality
of predefined combinaticns includes a predefined combination
according to which no search space is assigned to unscheduled
transmissions of downlink control information by one of said

plurality of transmission techniques.
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23. An apparatus according to any of claims 19 to 22, wherein
the memory and computer program code are further configured to,
with the processor, cause the apparatus to: perform said selection
at least partly on the basis of one ox more of: (a) the size of
the load on the cell in which the transmissions are made, and (b)
channel state information for the wireless interface with the

communication device.

24. An apparatus according to any of claims 19 to 23, wherein
said plurality of transmission techniques include: a first
transmission technique involving the transmission of one or more
reference signals specific to said communication device; and a
second transmission technigue that does not involve transmission
of one or more reference signals specific to said communication

device.

25. An apparatus according to any of claims 19 to 24, wherein
said plurality of transmission technigues include: a £first
transmission technique involving the transmission of both one or
more reference signals specific to said communication device and
one or more channel-state-information reference signals; and a
second transmission technique involving transmission of one or

more cell-gpecific reference signals.
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26. An apparatus according to any of claimg 19 to 25, wherein
said plurality of transmission techniques include: a first
transmission technique involving the precoding and transmission
of demodulation reference signals together with the precoding and
transmission of data symbols defining downlink control in-
formation, and the transmission of one or more channel state
information reference signals together with the transmission of
precoded data symbols defining downlink control information; and
a gecond transmisgion technique that involves transmission
of cell-specificreferencesignals togetherwith transmissionof

precoded data symbols defining downlink control information.
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27. An apparatus comprising: a processor and memory including
computer program code, wherein the memory and computer program
code are configured to, with the processor, cause the apparatus
to: inasysteminwhicharadioaccessnetwork transmits indications
of the results of selections of combinations of search spaces for
unscheduled transmissions by a plurality of transmission
techniques of downlink control information for one or more
communication devices: search at a first communication device for
unscheduled transmissions of downlink control information forsaid
communication device, wherein the communication device applies
blind decoding in finding the downlink control information for
the communication device; wherein said searching is performed
either: (a) on the basis of a transmitted indication of the result
of a selection for said first communication device of a combination
of search spaces for unscheduled transmissions by said plurality
of transmission techniques of downlink control information, the
indication identifying selected respected set of one or more
aggregation levels for each of said plurality of transmission
technigques, whereinapluralityof aggregationlevelsareavailable
for the transmission of downlink control information and a
respective search space is predefined for each aggregation level
for each transmission technique; or (b) in the absence of a

transmitted indication of the result
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of a selection for sald first communication device of a combination
of search spaces for unscheduled transmissions by said plurality
of transmission techniques of downlink control information, on
the basis of a default combination of search spaces and aggregation
levels for unscheduled transmissions by said plurality of
transmission techniques of downlink control information for said

first communication device.

28. An apparatus comprising: a processor and memory including
computer program code, wherein the memory and computer program
code are configured to, with the processor, cause the apparatus
to: search at a first communication device for unscheduled
transmissions of downlink control information for said com-
munication device by a plurality of transmission techniques;
wherein the communicationdevice appliesblinddecoding in finding
the downlink control information for the communication device;
wherein said searching is performed on the basis of a transmitted
indication of the result of a selection of a combination of search
spaces for unscheduled transmissions of downlink control in-
formation for said first communication device by said plurality
of transmission techniques, the indication identifying selected
respective set of one or more aggregation levels for each of said
plurality of transmisgion techniques, wherein a plurality of
aggregation levels are available for the transmission of downlink
control information and a respective search space is predefined

for each aggregation level for each transmission technique.

29. An apparatus according to claim 27 or claim 28, wherein said
transmitted indication indicates how much search space has been
assigned to wunscheduled transmissions of downlink control
information for said first communication device by one or more

of said plurality of transmission techniques relative to un-
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acheduled transmissions of downlink control information for said
first communication device by one or more others of said plurality

of transmission technigues.
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30. An apparatus according to any of claims 27 to 29, wherein
sald transmitted indication identifies one of a plurality of

predefined combinations.

31. An apparatus according to claim 30, wherein said plurality
of predefined combinations includes a predefined combination
according to which no search space is assigned to unscheduled
transmissions of downlink control information by one of said

plurality of transmission techniques.

32. An apparatus according to any of claims 27 to 31, wherein
a plurality of aggregation levels are used for the transmission
of downlink control information, and a respective search space
is predefined for each aggregation level for each transmission
technique; andsaidtransmitted indicationidentifies arespective
set of one or more aggregation levels for each of said plurality

of transmission techniques.

33. An apparatus according to any of claims 27 to 32, wherein
said plurality of transmission techniques include: a first
transmission technique involving the transmission of one or more
reference signals specific to said first communication device;
and a second transmission technique that does not involve
transmission of one or more reference signals specific to said

first communication device.

34. An apparatus according to any of claims 27 to 33, wherein

said plurality of transmission techniques include:
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a first transmissiontechnique involvingthe transmissionof both
one or more reference signals specific tosaid first communication
device and one or more channel-state-information reference
signals; and a second transmission technigue involving

transmission of one or more cell-gpecific reference signals.

35. An apparatus according to any of claims 27 to 34, wherein
said plurality of transmission techniques include: a first
transmission technique involving the precoding and transmission
of demodulation reference signals together with the precoding and
transmission of data symbols defining downlink control in-
formation, and the transmigsion of one or more channel state
information reference signals together with the transmission of
precoded data symbols defining downlink control information; and
a second transmission technigue that involves transmission
of cell-specificreferencesignals togetherwith transmissionof

precoded data gymbols defining downlink control information.

36. The apparatus according to any of claims 19 to 35, wherein
the communication device applies blind decoding in finding the

downlink control information intended tosaidcommunicationdevice.
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37. Acomputerprogramproduct comprising programcodemeans which
when loaded into a computer controls the computer to: in a system
in which a communication device searches for unscheduled
transmissiong of downlink control information for said com-
munication device, wherein the communication device applies blind
decoding in finding the downlink control information for the

communication device

select a combination of search gpaces for unscheduled
transmissions of downlink control information for a communication
device by a plurality of transmission techniques, wherein the
computer programcode is further configured to control the computer
to: select a respective set of one or more aggregation levels for
each of said plurality of transmission techniques, wherein a
plurality of aggregation levels are available for the transmission
of downlink control information and a respective search space is
predefined for each aggregation level for each transmission
technique: and transmitting an indication of the result of the
selected combination identifying the selected sets of one or more

aggregation levels to gaid communication device.

38. Acomputerprogramproduct comprisingprogramcodemeans which
when loaded into a computer controls the computer to: in a system
inwhicharadiocaccessnetwork transmits indications of theresults
of selections of combinations of search gpaces for unscheduled
transmissionsbyapluralityof transmissiontechniquesof downlink
control information for one or more communicationdevices, wherein
the communication device applies blind decoding in finding the
downlink control information for the communication device: search
at a first communication device for unscheduled transmissions of

downlink
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control information for said communication device; wherein said
searching is performed either: (a) on the basis of a transmitted
indicationof the result of aselection forsaid first communication
device of a combination of search spaces for unscheduled
transmissions by said plurality of transmission techniques of
downlink control information, the indicationidentifyingselected
respected set of one or more aggregation levels for each of said
plurality of transmission techniques, wherein a plurality of
aggregation levels are available for the transmission of downlink
control information and a respective search space is predefined
for each aggregation level for each transmission technique; oxr
(b) in the absence of a transmitted indication of the result of
a selection for said first communication device of a combination
of search spaces for unscheduled transmissions by said plurality
of transmission technigues of downlink control information, on
the bagis of adefault combination of search spaces and aggregation
levels for unscheduled transmissions by said plurality of
transmission techniques of downlink control information for said

first communication device.

39. Acomputerprogramproduct comprising programcodemeans which
when loaded into a computer controls the computer to: search at
a first communication device for unscheduled transmissions of
downlink contrxol information for said communication device by a
plurality of transmission techniques, wherein the communication
device applieg blind decoding in finding the downlink control
information for the communication device; wherein said searching
is performed on the basis of a transmitted indication of the result
of a gselection of a combination of search spaces for unscheduled
transmissions of downlink control information for said first
communicationdevicebysaidpluralityof transmissiontechniques,
the indication identifying selected respected set of one or more

aggregation levels for each of said plurality of transmission
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for the transmission of downlink control information and a
respective seaxrch space ig predefined for each aggregation level

for each transmission technique.
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40. The computer program product according to any of claims 37
to 39, wherein the communication device applies blind decoding
in finding the downlink control information intended to said
communication device.



