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Search Area Based Control Channel Monitoring

Technical Field

The present invention relates to methods for operating a control node or a receiving node
and to corresponding devices for implementing the nodes.

Background

In mobile networks, e.g., according to the Third Generation Partnership Project (3GPP), a
control channel may be used to convey control information to a user equipment (UE). An
example of such a control channel is the Physical Downlink Control Channel (PDCCH) as
specified for 3GPP LTE (Long Term Evolution). The PDCCH is transmitted in the L1/L2
control region of a subframe. The L1/L2 control region is composed of the first, up to four,
Orthogonal Frequency Division Multiplexing (OFDM) symbols of the subframe and spans the
entire frequency domain.

Relaying was introduced in LTE Release 10. Since a relay node (RN) might not be able to
receive the regular control channel, i.e., the PDCCH, from its donor base station (BS), in
3GPP LTE referred to as Donor eNB (DeNB), a further control channel, referred to as Relay
PDCCH (R-PDCCH), was introduced. The R-PDCCH is not transmitted in the L1/L2 control
region. Instead, the R-PDCCH is transmitted in the regular data region of a subframe. In the
time domain, a subframe is divided into a first slot and a second slot. In the first slot, the R-
PDCCH starts at the fourth OFDM symbol of the slot and ends at the end of the slot. In the
second slot the R-PDCCH starts at the first OFDM symbol of the slot and ends at the end of
the slot. In the frequency domain the R-PDCCH is transmitted on one or more resource
blocks (RBs). Downlink (DL) assignments are transmitted on an R-PDCCH in the first slot
and uplink (UL) grants are transmitted on an R-PDCCH in the second slot.

Coding, scrambling and modulation for the R-PDCCH follow the same principles as for the
PDCCH. However, the mapping of the R-PDCCH to time-frequency resources is different. In
a variant of the R-PDCCH which is based on UE specific Demodulation Reference Symbols
(DMRS), there is no cross-interleaving of multiple R-PDCCHs in a single RB. Rather, one R-
PDCCH is mapped to one set of RBs, the number of RBs, which may be 1, 2, 4 or 8,
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depending on the aggregation level. An example of such R-PDCCH transmission is shown in
Fig. 1. Without cross-interleaving, the R-PDCCH can be transmitted on antenna ports with
UE-specific DMRS.

For the R-PDCCH, DL assignments are transmitted in the first slot of a subframe and UL
grants are transmitted in the second slot of a subframe. Transmitting DL assignments in the
first slot and UL grants in the second slot of a subframe forces a receiver to receive during
the entire subframe. Hence such a design prevents a concept referred to as micro sleep,
where the receiver can power down some of its components after it has detected that there is
no DL assignment in a particular subframe. Further, separating DL assignments and UL
grants to be transmitted in two different slots requires one blind decoding attempt in each slot
space, one for the DL assignments, transmitted with Downlink Control Information (DCI)
format 1A, and one for the UL grants, transmitted with DCI format 0. Hence, it increases the
total number of blind decoding attempts.

Accordingly, there is a need for techniques which allow for efficiently transmitting control

information to a receiving node.

Summary

According to an embodiment of the invention, a method of operating a control node for
communication with at least one receiving node is provided. The communication is structured
in frames comprising several subframes. The method comprises transmitting a control
channel in a search area of one of the subframes. The search area comprises a configurable

time span.

According to a further embodiment of the invention, a method of operating a receiving node
for communication with at least one control node is provided. The communication is
structured in frames comprising several subframes. The method comprises searching for a
control channel in a search area of one of the subframes. The search area comprises a

configurable time span.

According to a further embodiment of the invention, a control node is provided. The control
node is adapted to perform the above method of operating a control node.

According to a further embodiment of the invention, a receiving node is provided. The
receiving node is adapted to perform the above method of operating a receiving node.
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According to a further embodiment of the invention, a control node is provided. The control
node comprises a transmitter for communication with at least one receiving node. The
communication is structured in frames comprising several subframes. Further, the control
node comprises a controller. The controller is configured to control the transmitter to transmit
a control channel in a search area of one of the subframes. The search area comprises a

configurable time span.

According to a further embodiment of the invention, a receiving node is provided. The
receiving node comprises a receiver for communication with a control node. The
communication is structured in frames comprising several subframes. Further, the receiving

node comprises a controller configured to search for a control channel in a search area of
one of the subframes. The search area comprises a configurable time span.

Brief Description of the Drawings

Fig. 1 schematically illustrates an example of R-PDCCH transmission according to the 3GPP
Release 10 specifications for LTE.

Fig. 2 schematically illustrates a mobile network environment in which concepts according to
an embodiment of the invention may be applied.

Fig. 3 shows an exemplary structure of a subframe as used in an embodiment of the

invention.

Fig. 4 shows a flowchart for illustrating a method according to an embodiment of the

invention.

Fig. 5 shows a flowchart for illustrating a further method according to an embodiment of the

invention.
Fig. 6 schematically illustrates a control node according to an embodiment of the invention.
Fig. 7 schematically illustrates a receiving node according to an embodiment of the invention.

Fig. 8 schematically illustrates a base station according to an embodiment of the invention.
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Fig. 9 schematically illustrates a UE according to an embodiment of the invention.

Fig. 10 schematically illustrates a relay node according to an embodiment of the invention.

Detailed Description of Embodiments

in the following, the invention will be explained in more detail by referring to exemplary
embodiments and to the accompanying drawings. The illustrated embodiments relate to
concepts for transmitting control information to a receiving node which involve search-region
based monitoring of a DL control channel. In the following, the concepts will be explained by
referring to embodiments which involve a mobile network according to the 3GPP LTE

specifications.

Fig. 2 schematically illustrates a mobile network environment, i.e., infrastructure of a mobile
network, represented by a base station (BS) 100 and a RN 200, as well as a UE 300. In
accordance with the illustrated LTE scenario, the BS 100 may also be referred to as an eNB.
For the RN 200, the BS 100 may act as a DeNB. This means that a network-side data
connection of the RN 200 is provided by the wireless connection to the BS 100. The UE 300
may for example be a mobile phone or other type of device which can be wirelessly
connected to the mobile network. The connection of the UE 300 to the mobile network can
be established via the RN 200 or directly to the BS 100.

According to concepts as described herein, a DL control channel, e.g., a control channel
based on UE-specific reference signals such as DMRS, may be used to transmit control
information to regular UEs, e.g., to the UE 300 when not using relaying by the RN 200. In the
following, the term E-PDCCH will be used as synonym for such an enhanced control channel
which is based on UE specific reference signals.

One aspect of these concepts is to configure the time duration and the time domain location
of the E-PDCCH and optionally connect it to other types of parameters such as the C-RNTI
and the subframe number. The time duration of the E-PDCCH may in particular be shorter
than the subframe duration. Furthermore, subsets of subframes can be configured in which
the E-PDCCH is transmitted.

To illustrate the concepts, the communication between a BS, e.g., the BS 100, and one or
more UEs, e.g., the UE 300, is considered. In cases where one or more RNs are added,
such as the RN 200, the discussed principles are also applicable. In the latter case, the
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concepts are applied to the communication between the BS and one or more RNs, wherein
the RNs take the position of the UEs or more generally of a receiving node, or to the
communication between the RN and one or more UEs, wherein the RN takes the position of
the BS or more generally of a control node.

The communication is generally structured in frames comprising several subframes which
may be divided into subbands in the frequency domain. An example of such a subframe 1 is
given in Fig. 3. In the time domain, as illustrated by time axis t, the subframe 1 is divided into
a first slot 2 and a second slot 3. The first slot 2 is divided into a first part 4 and a second part
5. In the frequency domain, as illustrated by frequency axis f, the subframe 1 is divided into
subbands. Each subband may be referred to by an index of a RB in the frequency domain.
For example a RB 7 is can be referred to by RB index 6 in the frequency domain and the
second slot 3 in the time domain. The area 8 in the subframe 1 is an example of a search
area as used in the present concepts. It spans over several subbands and a certain time
span.

In the illustrated concepts, multiple control channels can be transmitted by applying the
concept of a search space or search area. A search space or search area is a set of
candidate locations in the time-frequency grid, where the UE or RN expects a control
channel transmission. One search space or search area contains the set of candidate
locations for a particular aggregation level.

In an embodiment, a method for operating a control node is provided. A flowchart for
ilustrating the method is shown in Fig. 4. To implement the method, one or more of the steps
illustrated in Fig. 4 may be performed by the control node. The control node may be a BS, an
eNodeB, a DeNB, or a RN. The control node may for example correspond to the BS 100 or
to the RN 200 of Fig. 2.

As illustrated by step 430, the method comprises the step of transmitting a control channel in
a search area. The control channel may be the E-PDCCH. The search area comprises a
configurable time span within a subframe and may span one or more subbands. The time
span may be shorter than the duration of the subframe.

As further illustrated by step 410, the method may also comprise configuring a position of the
control channel. The position may be configured in the time domain and/or in the frequency
domain. This may comprise determining the subbands spanned by the search area in the
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frequency domain and/or determining the time span spanned by the search area in the time

domain.

As further illustrated by step 420, the method may also comprise determining control
information to be transmitted on the control channel. The control information may in particular
include one or more DL assignments and one or more UL grants.

According to a further embodiment, a method for operating a receiving node is provided. A
flowchart for illustrating the method is shown in Fig. 5. To implement the method, one or
more of the steps illustrated in Fig. 5 may be performed by the receiving node. The receiving
node may be a UE, e.g., the UE 300, or a RN, e.g., the RN 200.

As illustrated by step 510, the method comprises the step of searching for a control channel
in a search area. The control channel may be the E-PDCCH. The control channel may
comprise one or more UL grants and one or more DL assignments. As mentioned above, the
search area comprises a configurable time span within a subframe and may span one or
more subbands. The time span may be shorter than the duration of the subframe.

As further illustrated by step 520, the method may also comprise the step of receiving the
control channel. This may for example include performing a single blind decoding attempt to
receive the UL grants and DL assignments transmitted on the control channel.

As further illustrated by step 530, the method may also comprise the step of determining
control information from the received control channel. For example, this may involve
determining the UL grants and DL assignments transmitted on the control channel.

In the above methods, every subframe in a frame may comprise a search area. Alternatively,
only a subset of the subframes in a frame comprise a search area. The position, e.g.,
location in time domain, of the search area may be alternating from one subframe having a
search area to the following subframe having a search area. For example, the position may
alternate between the first slot and the second slot.

The position of the search area may also depend on an index of a receiving node, e.g., such
that the position is alternating with different values of the index. An example of such index of
the receiving node is a Cell Radio Network Temporary Identifier (C-RNTI).
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The duration of the E-PDCCH may be configurable. Without cross-interleaving a single E-
PDCCH may be mapped to a given RB and the duration of the E-PDCCH can be considered
as the time domain dimension of the E-PDCCH search area. The configured duration of the
E-PDCCH may be smaller than the entire subframe in order to allow for micro sleep. When
assuming that DMRS are needed for proper demodulation of the E-PDCCH and since DMRS
are present in one OFDM symbol per slot, a reasonable time unit for the time domain
dimension of the search area would be a slot. That is to say, in the time domain the search
area may span a time span of one slot.

However, with a modified DMRS structure, which contains DMRS in more OFDM symbols,
smaller units each containing DMRS are also possible. In subframes with simultaneous
PDCCH and E-PDCCH transmissions, OFDM symbols of the L1/L2 control region at the
beginning of each subframe are usually not used for E-PDCCH transmissions. However, in
subframes without PDCCH transmissions the E-PDCCH could occupy any OFDM symbol.
Hence it could start at the very beginning of the subframe.

In addition or alternatively, the time domain location of the E-PDCCH within a subframe may
be configurable. Transmitting the E-PDCCH at the beginning, e.g., in the first slot of a
subframe would maximize the duration during which the UE could go to micro sleep. In other
words, it can be utilized that, from an energy consumption perspective, it is beneficial to have
a short period for potential control signaling and a long period for data transmission because
the receiver has to power up and receive during the control period while it can power down
during the data period if no DL assignment has been detected.

Furthermore, transmitting DL assignments at the beginning of a subframe would relax the
timing requirements of real-time decoding of PDSCH at the receiver since the receiver can
start decoding much earlier. However, if all UEs are configured to receive the E-PDCCH at
the beginning of a subframe, resources for E-PDCCH transmission might get crowded, which
could lead to resource shortage and increased interference. Furthermore, the rest of the
subframe might not be usable so that it has to be left blank. This is the case if time-domain
multiplexing of control and data in the same resource block is not possible or if there is no
data to be multiplexed. Hence, it might be reasonable to configure the time domain location
of the E-PDCCH in the middle or at the end of a subframe.

The time domain location of the E-PDCCH could also be configured on a larger time scale
than a subframe, meaning that the E-PDCCH is only transmitted in a subset of subframes of
one or more radio frames. In order to do so, the time domain location of the E-PDCCH may
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depend on the subframe number. In this case only a subset of subframes needs to be
monitored for potential E-PDCCH transmission, which is even more power-efficient than just
micro sleep on subframe level. One could consider this as micro sleep on radio frame level.
For instance, when using the E-PDCCH in systems with advanced multi-antenna capability,
the E-PDCCH could be configured to occur during Multicast Broadcast Single Frequency
Network (MBSFN) subframes only. Such MBSFN subframes are free of cell-specific
reference signals (CRS) and hence usable for DMRS based transmissions.

When using the E-PDCCH in heterogeneous networks it may also be beneficial to configure
the E-PDCCH to be transmitted only in selected subframes, e.g., only in almost blank
subframes. The subset of subframes in which E-PDCCH is transmitted could also be defined
as a function of the subframe subsets defined for channel state information (CS!) reporting
and/or measurements, e.g., in enhanced inter-cell interference coordination (elCIC)
according to LTE Release 10. Another exemplary configuration is to configure the time
domain location of the E-PDCCH in either odd or even numbered subframes.

The time domain location of the E-PDCCH could also be time variable, e.g., in such a way
that the time domain location of the E-PDCCH within the subframe depends on the subframe
number. For instance, the E-PDCCH could alternately be transmitted in the first and the
second slot of odd and even numbered subframes respectively. The subframe could also be
subdivided into more than two parts as described above, and the time domain location of the
E-PDCCH could alternate between all of these parts.

In some scenarios, it can also be utilized that, on the cell level, each UE can be uniquely
identified by its C-RNTI. For example, the number of the subframe in which the E-PDCCH for
a certain UE is transmitted could be further combined with the C-RNTI. For this purpose, a
UE may monitor the first slot if a condition depending on the subframe number and the C-
RNTI is met, otherwise it shall monitor the second slot. This condition could for example be
defined by: (subframe number + C-RNTI) mod 2 = 0. Such operation may be used to balance
the E-PDCCH load within the subframe. It may be used to achieve a tradeoff between power-
efficient UE operation in subframes where the E-PDCCH is transmitted at the beginning and
efficient resource utilization at system level, because the E-PDCCH for some UEs is
transmitted at the end. On system level, leaving resources unused can be avoided.

The configuration of the duration and the time domain location of the E-PDCCH may be done
explicitly. For example, at lower layers L1/L2 control signaling could be used to dynamically
indicate the valid configuration for the current subframe. For this purpose existing signaling
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may be modified or re-interpreted. For instance, the Physical Control Format Indicator
Channel (PCFICH) could be used to indicate the duration of the E-PDCCH in the
corresponding subframe. Here, a smaller value could indicate a smaller duration of the E-
PDCCH, which would allow for larger periods of micro sleep. At higher layers, Medium
Access Control (MAC), Radio Link Control (RLC), or Radio Resource Control (RRC)
signaling could be used to semi-statically configure the configuration. For instance bit maps
could be used to indicate certain subsets of subframes in which the E-PDCCH is transmitted.
A still further possibility would be to use a static configuration.

The duration and the time domain location of the E-PDCCH may also be configured
implicitly. In this case the configuration may be connected to some other type of parameter.
For example, the configuration could be statically connected to the subframe number and/or
to the C-RNTI as described above. A combination of explicit and implicit signaling is possible
as well. For example, the eNB could configure a UE to receive the E-PDCCH in every x"
subframe, where the period x is configurable and where the location of the E-PDCCH within
the subframe is a function of the subframe number and the C-RNTL.

For achieving flexibility, the configuration may be UE specific. However, in order to lower
complexity also a cell-specific configuration may be used.

In some scenarios, individual configurations for DL assignments and UL grants may be used.
Due to stricter timing requirements for the real-time decoding of DL assignments and the
corresponding DL data, the E-PDCCH carrying DL assignments could be configured
differently from the E-PDCCH carrying UL grants. For instance, it could be beneficial to
configure a UE to blindly decode DL assignments only in the first slot while it blindly decodes
UL grants in both slots.

With carrier aggregation two or more carriers can be used simultaneously. The primary
component carrier, also referred to as Pcell, is always present while one or more secondary
component carriers, also referred to as Scell(s), can be activated and used on demand. The
E-PDCCH can be used on both, the Pcell as well as the Scell. The configuration of the E-
PDCCH can be transmitted on the same carrier as the corresponding E-PDCCH or the
configuration can be sent on a different component carrier. In some scenarios, the Pcell may
be used to configure the E-PDCCH for the Pcell and any other Scell.

In a further embodiment, a control node is provided. The control node is adapted to perform
the above method for operating a control node. An example of the control node is depicted in
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Fig. 6. As illustrated, the control node 10 includes a transmitter 12 and optionally also a
receiver 14. Further, the control node 10 may include at least one processor coupled to at
least one non-transitory computer-readable memory for storing computer-readable
instructions. The computer-readable instructions, when executed by the at least one
processor, can cause the at least one processor to perform the method for operating the
control node as described herein. The processor may implement a controller 15 of the control

node.

In a further embodiment, a receiving node is provided. The receiving node is adapted to
perform the above method for operating a receiving node. An example of the receiving node
is depicted in Fig. 7. As illustrated, the receiving node 20 includes a receiver 22 and
optionally also a transmitter 24. The receiving node 20 may further include at least one
processor coupled to at least one non-transitory computer-readable memory for storing
computer-readable instructions. The computer-readable instructions, when executed by the
at least one processor, can cause the at least one processor to perform the method for
operating the receiving node as described herein. The processor may implement a controller
25 of the receiving node.

Fig. 8 schematically illustrates exemplary structures for implementing the above-described
concepts in the BS 100. In the above-described concepts, the BS 100 may act as the control

node.

In the illustrated structure, the BS 100 includes a radio interface 130 for data transmission to
or from the terminal device 200. It is to be understood that for implementing transmitter (TX)
functionalities the radio interface 130 may include one or more transmitters 134, and that for
implementing receiver (RX) functionalities the radio interface 130 may include one or more
receivers 132. The radio interface 130 may in particular be configured to transmit the above
mentioned control channel. In the above-mentioned LTE scenario, the radio interface 130
may correspond to the LTE-Uu interface. Further, the BS 100 may include a control interface
140 for communicating with other nodes of the mobile network.

Further, the BS 100 includes a processor 150 coupled to the interfaces 130, 140 and a
memory 160 coupled to the processor 150. The memory 160 may include a Read Only
Memory (ROM), e.g., a flash ROM, a Random Access Memory (RAM), e.g., a Dynamic RAM
(DRAM) or Static RAM (SRAM), a mass storage, e.g., a hard disk or solid state disk, or the
like. The memory 160 includes suitably configured program code to be executed by the
processor 150 so as to implement the above-described functionalities of the BS 100. More
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specifically, the memory 160 may include a control channel configuration module 170 for
accomplishing the above-described configuration of the E-PDCCH, in particular with respect
to the time span of the search area. Further, the memory 160 may include a control module
180 for controlling transmission of the control channel in the above-described manner.

It is to be understood that the structure as illustrated in Fig. 8 is merely schematic and that
the BS 100 may actually include further components which, for the sake of clarity, have not
been illustrated, e.g., further interfaces or additional processors. Also, it is to be understood
that the memory 160 may include further types of program code modules, which have not
been illustrated. For example, the memory 160 may include program code modules for
implementing typical functionalities of a BS, e.g., known functionalities of an eNB or DeNB.
According to some embodiments, also a computer program product may be provided for
implementing concepts according to embodiments of the invention, e.g., a computer-
readable medium storing the program code and/or other data to be stored in the memory
160.

Fig. 9 schematically illustrates exemplary structures for implementing the above-described
concepts in the UE 300. In the above-described concepts, the UE 300 may act as the
receiving node.

In the illustrated structure, the UE 300 includes a radio interface 330 for performing data
transmission to or from a mobile network, e.g., via the BS 100. In particular, the radio
interface 330 may be configured for receiving the E-PDCCH. Further, the radio interface 330
may be configured for receiving DL data and performing transmissions of UL data. It is to be
understood that for implementing transmitter (TX) functionalities the radio interface 330
includes one or more transmitters 334, and that for implementing receiver functionalities (RX)
functionalities the radio interface 330 may include one or more receivers 332. In the above-
mentioned LTE scenario, the radio interface 330 may correspond to the LTE-Uu interface.

Further, the UE 300 includes a processor 350 coupled to the radio interface 330 and a
memory 360 coupled to the processor 350. The memory 360 may include a ROM, e.g., a
flash ROM. a RAM, e.g., a DRAM or SRAM, a mass storage, e.g., a hard disk or solid state
disk, or the like. The memory 360 includes suitably configured program code to be executed
by the processor 350 so as to implement the above-described functionalities of the UE 300.
More specifically, the memory 360 may include a search module 370 for performing the
above-mentioned searching for the E-PDCCH in the search area. Further, the memory 360
may include a control module 380 for performing various control operations, e.g., controlling
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the UE 300 to perform UL transmissions or receive DL transmissions in accordance with

control information received on the E-PDCCH.

It is to be understood that the structure as illustrated in Fig. 9 is merely schematic and that
the UE 300 may actually include further components which, for the sake of clarity, have not
been illustrated, e.g., further interfaces or additional processors. Also, it is to be understood
that the memory 360 may include further types of program code modules, which have not
been illustrated. For example, the memory 360 may include program code modules for
implementing typical functionalities of a UE or program code of one or more applications to
be executed by the processor 350. According to some embodiments, also a computer
program product may be provided for implementing concepts according to embodiments of
the invention, e.g., a computer-readable medium storing the program code and/or other data
to be stored in the memory 360.

Fig. 10 schematically illustrates exemplary structures for implementing the above-described
concepts in the RN 200. In the above-described concepts, the RN 200 may act as the control
node when considering communication between the RN 200 and a UE, e.g., the UE 300.
Alternatively or in addition, the RN 200 may act as the receiving node when considering
communication between the RN and its donor BS, e.g., the BS 100.

In the illustrated structure, the RN 200 includes a radio interface 230 for communicating with
a donor BS, e.g., the BS 100, and for communicating with one or more UEs served by the
RN 200, e.g., the UE 300.

Further, the RN 200 includes a processor 250 coupled to the control interface 340 and a
memary 260 coupled to the processor 250. The memory 260 may include a ROM, e.g., a
flash ROM. a RAM, e.g., a DRAM or SRAM, a mass storage, e.g., a hard disk or solid state
disk, or the like. The memory 260 includes suitably configured program code to be executed
by the processor 250 so as to implement the above-described functionalities of the RN 200.
More specifically, the memory 260 may include a control channel configuration module 270
for accomplishing the above-described configuration of the E-PDCCH, in particular with
respect to the time span of the search area. Further, the memory 260 may include a search
module 270 for performing the above-mentioned searching for the E-PDCCH in the search
area. Still further, the memory 260 may include a control module 290 for controlling
transmission of the control channel in the above-described manner and/or for performing
various control operations, e.g., controlling the RN 300 to perform UL transmissions or
receive DL transmissions in accordance with control information received on the E-PDCCH.
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It is to be understood that the structure as illustrated in Fig. 10 is merely schematic and that
the RN 200 may actually include further components which, for the sake of clarity, have not
been illustrated, e.g., further interfaces or additional processors. For example, the RN 200
may have an two radio interfaces, one for communicating with the donor BS, and the other
for communicating with the served UEs. Also, it is to be understood that the memory 260
may include further types of program code modules, which have not been illustrated. For
example, the memory 260 may include program code modules for implementing typical
functionalities of a RN, e.g., as described in the 3GPP LTE specifications. According to some
embodiments, also a computer program product may be provided for implementing concepts
according to embodiments of the invention, e.g., a computer-readable medium storing the
program code and/or other data to be stored in the memory 260.

As can be seen, the concepts as explained above allow for using a configurable duration and
a configurable time domain location of the E-PDCCH. This in turn allows for a good trade-off
between power-efficiency, e.g., power saving due to micro-sleep, UE requirements, e.g.,
real-time PDSCH decoding, and performance, e.g., scheduling delay due to restricted E-
PDCCH transmissions. Using the E-PDCCH, DL assignments and UL grants may be
transmitted in the same search area. By transmitting DL assignments and UL grants in the
same search area, the number of required blind decoding attempts can be reduced. In
particular, being transmitted in the same search area, DCI format 1A, i.e., a DL assignment,
and DCI format 0, i.e., an UL grant, can be blindly decoded with a single attempt since both
DCI formats have the same size measured in terms of the number of bits.

It is to be understood that the examples and embodiments as explained above are merely
illustrative and susceptible to various modifications. For example, the concepts could be
used in types of mobile network which differ from the above-mentioned examples of an LTE
mobile network. Further, it is to be understood that the above concepts may be implemented
by using correspondingly designed software in existing mobile network nodes or UESs, or by
using dedicated hardware of such mobile network nodes or UEs.
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Claims

1. A method of operating a control node (10) for communication with at least one user
equipment (300), the communication being structured in frames comprising several
subframes (1), the method comprising:

transmitting a contral channel in a search area (8) in only a subset of the subframes (1), the
search area (8) comprising a configurable time span and the subset of the subframes (1) in
which the control channel is transmitted being indicated by a bit map.

2. The method according to claim 1,
wherein the position of the search area (8) depends on an index of theuser equipment (300).

3. The method according to claim 1 or 2,
wherein the position of the search area (8) is alternating between one of the subframes (1)
having the search area and the following subframe (1) having the search area (8).

4. The method according to claim 3,
wherein the subframes (1) are divided into a first slot (2) and a second slot (3) in the time

domain, and
wherein the position of the search area (8) alternates between the first slot (2) and the

second slot (3).

5. The method according to any one of the preceding claims,
wherein the control channel comprises uplink grants and downlink assignments.

6. The method according to any one of the preceding claims,
wherein the time span is shorter than the time duration of the subframe (1).

7. The method according to any one of the preceding claims,
wherein the contral node (10) is a base station (100).

8. The method according to any one of claims 1 to 6,
wherein the control node (10) is a relay node (200).

9. A method of operating a user equipment (300) for communication with at least one control
node (10), the communication being structured in frames comprising several subframes (1),
the method comprising:
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searching for a control channel in a search area (8) in only a subset of the subframes (1), the
search area (8) comprising a configurable time span and the subset of the subframes (1) in
which the control channel is transmitted being indicated by a bit map.

10. The method according to claim 9,
wherein the position of the search area (8) depends on an index of the user equipment (300).

11. The method according to claim 9 or 10,
wherein the position of the search area (8) is alternating between one of the subframes (1)
having the search area (8) and the following subframe (1) having the search area (8).

12. The method according to claim 11,
wherein the subframes are divided into a first slot (2) and a second slot (3) in the time

domain, and
wherein the position of the search area (8) alternates between the first slot (2) and the

second slot (3).

13. The method according to any one of claims 9 to 12,
wherein the control channel comprises uplink grants and downlink assignments.

14. The method according to any one of claims 9to 13,
wherein the time span is shorter than the time duration of the subframe (1).

15. The method according to any one of claims 9 to 14,
wherein the control node (10) is a base station (100).

18. The method according to any one of claims 9to 14,
wherein the control node (10) is a relay node (200).

17. A control node (10) adapted to perform a method as defined by any one of claims 1 to 8.

18. A user equipment (300) adapted to perform a method as defined by any one of claims 9
to 17.

19. A control node (10), comprising:
a transmitter for communication with at least one receiving node (20), the communication
being structured in frames comprising several subframes (1); and
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a controller configured to control the transmitter to transmit a control channel in a search
area (8) in only a subset of one of the subframes (1), the search area (8) comprising a
configurable time span and the subset of the subframes in which the control channel is
transmitted being indicated by a bit map.

20. A user equipment (300), comprising:

a receiver for communication with a control node (10), the communication being structured in
frames comprising several subframes (1); and

a controller configured to search for a control channe! in a search area (8) in only a subset of
the subframes (1), the search area (8) comprising a configurable time span and the subset of
the subframes in which the control channetl is transmitted being indicated by a bit map.




