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CLAIMS

1. A method, comprising: in a system in which a communica-

tion device searches for wumaseheduled—transmissions of downlink
control information for said communication device: selecting a

combination of search spaces for unseheduted—the transmissions

of downlink control information for thea communication device

by a plurality of transmission techniques: and

transmitting an indication of the result of the selected combi-

nation to said communication device.

2. A method according to claim 1, comprising deciding how

much search space to assign to unasehedulted—transmissions of
downlink control information for said communication device by

one or more of said plurality of transmission techniques rela-

tive to unmseheduled—transmissions of downlink control infor-
mation for said communication device by one or more others 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.

4. A method according to claim 3, wherein said plurality of
predefined combinations includes a predefined combination ac-
cording to which no search space 1is assigned to unseheduled
transmissions of downlink control information by one of said

plurality of transmission techniques.
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involving transmission

technique

second transmission

a

and

of one or more cell-specific reference signals.

wherein said

A method according to any preceding claim,

a first transmis-—

plurality of transmission techniques include

5

sion technique involving the precoding and transmission of de-

together with the precoding and

signals

modulation reference

transmission of data symbols defining downlink control infor-

and the transmission of one or more channel state in-

mation,

formation reference signals together with the transmission of

10

4

information

defining downlink control

symbols

precoded data

and a second transmission technique that involves transmission

with transmission

reference signals together

of cell-specific

of precoded data symbols defining downlink control information.
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1+310.A method, comprising: in a system in which a radio access
network transmits indications of the results of selections of
combinations of search spaces for umseheduled—transmissions by
a plurality of transmission techniques of downlink control in-

formation for one or more communication devices:

searching at a first communication device for unseheduled
transmissions of downlink control information for said communi-
cation device; wherein said searching is performed either: (a)
on the basis of a transmitted indication of the result of a se-

lection for said first communication device of a combination of

search spaces for unseheduled—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 combina-

tion of search spaces for urseheduled—transmissions by said
plurality of transmission techniques of downlink control infor-
mation, on the basis of a default combination of search spaces

for unsehedulted—transmissions by
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said plurality of transmission techniques of downlink control

information for said first communication device.

+411. A method, comprising: searching at a first communica-

tion device for unscheduled—transmissions of downlink control

information for said communication device by a plurality of
transmission techniques; wherein said searching is performed on
the basis of a transmitted indication of the result of a selec-
tion of a combination of search spaces for unsecheduled—trans-
missions of downlink control information for said first commu-

nication device by said plurality of transmission techniques.

+512.A method according to claim 433—10 or claim 4411, wherein

said transmitted indication indicates how much search space has

been assigned to wunmseheduled—transmissions of downlink control
information for said first communication device by one or more
of said plurality of transmission techniques relative to un-—
seheduled—transmissions of downlink control information for
said first communication device by one or more others of said

plurality of transmission techniques.

1613. A method according to any of claims 13—10 to 1512,

wherein said transmitted indication identifies one of a plural-

ity of predefined combinations.

1714. A method according to claim +613, wherein said plural-

ity of predefined combinations includes a predefined combina-

tion according to which no search space is assigned to
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reduted—transmissions of downlink control information by

one of said plurality of transmission techniques.

+815.A method according to any of claims +3—10 to +%#14, 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; and said transmitted indication identifies a respec-
tive set of one or more aggregation levels for each of said

plurality of transmission techniques.

1816. A method according to any of claims 43—10 to 4815,
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 in-

volve transmission of one or more reference signals specific to

sald first communication device.

2017. A method according to any of claims 43—10 to 1816,
wherein said plurality of transmission techniques include: a
first transmission technigque involving the transmission of both
one or more reference signals specific to said first communica-
tion device and one or more channel-state-information reference

signals; and a second transmission technigque involving trans-

mission of one or more cell-specific reference signals.



37

A method according to any of claims +3—10 to 2617,

2+18.

a

include

wherein said plurality of transmission techniques

the precoding

technique involving

transmission

first

together

signals

of demodulation reference

and transmission

with the precoding and transmission of data symbols defining

5

and the transmission of one or

information,

downlink control

more channel state information reference signals together with

defining downlink

symbols

the transmission of precoded data

and a second transmission technique that

4

control information

sig-

reference

of cell-specific

involves transmission

10

nals together with transmission of precoded data symbols defin-

ing downlink control information.

wherein the

The method according to any of claims 1-18,

19.

finding the

in

blind decoding

applies

device

communication

downlink control information intended to said communication de-
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a processor and memory including

2520.An apparatus comprising

wherein the memory and computer program

computer program code,

20

with the processor, cause the apparatus

code are configured to,

in a system in which a communication device searches for

to

wasecheduted—transmissions of downlink control information for

search

: select a combination of

device

salid communication

spaces for umseheduted—transmissions of downlink control infor-

|25

mation for a communication device by a plurality of transmis-

and transmitting an indication of the result

sion techniques

of the selected combination to said communication device.

30
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2621.An apparatus according to claim 2520, 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 umaseheduted—transmissions of downlink control in-

formation for said communication device by one or more of said
plurality of transmission techniques relative to unaschedulted
transmissions of downlink control information for said communi-
cation device by one or more others of said plurality of trans-

mission techniques.

2722. An apparatus according to claim 25—20 or claim 2621,
wherein the memory and computer program code are further con-
figured to, with the processor, cause the apparatus to: select
a predefined combination from a plurality of predefined combi-

nations.

2823. An apparatus according to claim 2722, wherein said
plurality of predefined combinations includes a predefined com-
bination according to which no search space is assigned to uza-
seheduled—transmissions of downlink control information by one

of said plurality of transmission techniques.

2824.An apparatus according to any of claims 25—20 to 2823,
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; and wherein the memory and computer
program code are further configured to, with the processor,

cause the apparatus to: select a respective set of
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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 communi-

cation device.

3025.An apparatus according to any of claims 25—20 to 2824,
wherein the memory and computer program code are further con-
figured to, with the processor, cause the apparatus to: perform
said selection 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.

3+26. An apparatus according to any of claims 25-20 to 3825,
wherein said plurality of transmission techniques include: a
first transmission technique involving the transmission of one
or more reference signals specific to said communication de-
vice; and a second transmission technique that does not involve

transmission of one or more reference signals specific to said

communication device.

3227. An apparatus according to any of claims 25-20 to 3%26,
wherein said plurality of transmission techniques include: a
first transmission technigque involving the transmission of both
one or more reference signals specific to said communication
device and one or more channel-state-information reference sig-

nals; and a second transmission technique involving transmis-

sion of one or more cell-specific reference signals.
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An apparatus according to any of claims 2520 to 3227,

3328.

a

include

wherein said plurality of transmission techniques

the precoding

technique involving

transmission

first

together

signals

of demodulation reference

and transmission

with the precoding and transmission of data symbols defining

5

and the transmission of one or

information,

downlink control

more channel state information reference signals together with

defining downlink

symbols

the transmission of precoded data

and a second transmission technique that

4

control information

sig-

reference

of cell-specific

involves transmission

10

nals together with transmission of precoded data symbols defin-

ing downlink control information.
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a processor and memory including

3+29.An apparatus comprising

wherein the memory and computer program

computer program code,

with the processor, cause the apparatus

code are configured to,

in a system in which a radio access network transmits indi-

to

cations of the results of selections of combinations of search

20

transmissions by a plurality of trans-

A
A~

o

mnachadll]
Tt

TIo

spaces for

mission techniques of downlink control information for one or

search at a first communication de-

more communication devices

vice for unseheduled—transmissions of downlink control infor-

wherein said searching is

4

mation for said communication device

25

on the basis of a transmitted indication

(a)

of the result of a selection for said first communication de-

performed either

trans-—

A
A~

o

vasachedygd

TIo

vice of a combination of search spaces for

missions by said plurality of transmission techniques of down-

in the absence of a transmit-

(b)

or

4

link control information

30

ted indication of the result
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of a selection for said first communication device of a combi-

nation of search spaces for unseheduled—transmissions by said

plurality of transmission techniques of downlink control infor-

mation, on the basis of a default combination of search spaces

for urseheduledtransmissions by said plurality of transmission
techniques of downlink control information for said first com-

munication device.

3830. An apparatus comprising: a processor and memory in-
cluding 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 uza-
seheduled—transmissions of downlink control information for
salid communication device by a plurality of transmission tech-

niques; wherein said searching is performed on the basis of a

transmitted indication of the result of a selection of a combi-

nation of search spaces for unmseheduled—transmissions of down-
link control information for said first communication device by

said plurality of transmission techniques.

3831.An apparatus according to claim 3+—29 or claim 3830,

wherein said transmitted indication indicates how much search

space has been assigned to unseheduted—transmissions of down-
link control information for said first communication device by
one or more of said plurality of transmission techniques rela-
tive to unseheduled—transmissions of downlink control infor-
mation for said first communication device by one or more oth-

ers of said plurality of transmission techniques.
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4032, An apparatus according to any of claims 34-29 to 3831,
wherein said transmitted indication identifies one of a plural-

ity of predefined combinations.

4133. An apparatus according to claim 4832, wherein said
plurality of predefined combinations includes a predefined com-
bination according to which no search space is assigned to uza—
seheduled—transmissions of downlink control information by one

of said plurality of transmission techniques.

4234.An apparatus according to any of claims 37+—29 to 1433,
wherein a plurality of aggregation levels are wused for the
transmission of downlink control information, and a respective
search space is predefined for each aggregation level for each
transmission technique; and said transmitted indication identi-
fies a respective set of one or more aggregation levels for

each of said plurality of transmission techniques.

4335. An apparatus according to any of claims 37429 to 4234,
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 in-

volve transmission of one or more reference signals specific to

sald first communication device.

4436. An apparatus according to any of claims 34-29 to 4335,

wherein said plurality of transmission techniques include:
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a first transmission technique involving the transmission
of both one or more reference signals specific to said first
communication device and one or more channel-state-information
reference signals; and a second transmission technique involv-
ing transmission of one or more cell-specific reference sig-

nals.

4537. An apparatus according to any of claims 37429 to 4436,
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 information, 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-specific reference sig-
nals together with transmission of precoded data symbols defin-

ing downlink control information.

38. The apparatus according to any of claims 20 to 37, wherein

the communication device applies blind decoding in finding the

downlink control information intended to said communication de-
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49839.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 unsehed-
vted—transmissions of downlink control information for said

communication device: select a combination of search spaces

for umseheduted—transmissions of downlink control information
for a communication device by a plurality of transmission tech-
niques: and transmitting an indication of the result of the se-

lected combination to said communication device.

[~a) compiE nroaaram mrodizet o eemrnad e domy s A maan
< A mputer—program—proauct mprIsTIRg—program & means
wha e o loadad 4n+ P P S | + comptar toae 4
WAarreA—wWhReR—J1oaaea—3ht & mputer atrois—En mputer—to+—3n
cyatram dn whd o~ commirnicatd an ie canre for airmonhad
F—SySEem—In—wWaien mmunreation—+¢ searenes—For—uynschea
P IR S EPAN PR D L U S IR TN S S LSO = DN
| B wa W § CLr OOl oo LYo A O WIT I TTTIT CUOUITC 1O LTIT IO T IUIT Lllcoou\jco [ S
P L TSN S LGNS A PPN E G PPV, [ R oo
[ & pupw ) CUIINMTO I T T O T T ITUTT W Ay [ S ) ubbUJ_uJ_ll\j [ wy (=) tJA_uJ_(.A.J_J_ lij g lllCOOu\jC
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5+40.A computer program product comprising program code means
which when loaded 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 wumseheduled—transmissions by a plurality of transmission
techniques of downlink control information for one or more com-
t

munication devices: search at a first communication device for

wvascheduled—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 transmit-
ted indication of the result of a selection for said first com-
munication device of a combination of search spaces for un-
seheduled—transmissions by said plurality of transmission tech-
niques of downlink control information; or (b) in the absence
of a transmitted indication of the result of a selection for
search

communication device of a combination of

unsecheduted—transmissions by

said first
spaces for said plurality of
transmission techniques of downlink control information, on the
basis of a default combination of search spaces for uwrasecheduled
transmissions by said plurality of transmission techniques of
downlink control information for said first communication de-

vice.

5241.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 unseheduled—trans-
missions of downlink control information for said communication
device by a plurality of transmission techniques; 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 wunseheduled—transmissions of downlink control information

for said first communication device by said plurality of trans-

mission techniques.

a3E sroaramproduct comoriatinag vrogram—cod e

< A mputer—program—product MprISIhg—program c means

LIh 7 ~ 1.7 1 A AA~A 1Nt = SAamimt B N N | + M+ r + . 1
whtch—when—toaded—Frnto— mputer Atrols—+h mpugter—+to—3n
N N T rads oo S P S I ncehadirlad
a—System—In—which—a—rad: S ss—hetwork—+transmits—unschedyled
froamamt ; PR P, [ | contral  informarion—m . £ 5
EransmIssIon downalind ntrol—3nformation—messages—for—a
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The computer program product according to any of claims 39

42.

ies blind decoding
tended to said

device appl

the communication

wherein

to 41,

in

formation

in

finding the downlink control i

in

device.

tion

communica

30




