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ALLOCATION OF RESOURCES

This disclosure relates to allocation of resources for wireless

communication.

Communication between two or more entities such as mobile
communication devices and other stations can be facilitated by
a communication system. A communication system and compatible
communication devices typically operate in accordance with a
given standard or specification which sets out what the various
entities asscciated with the system are permitted to do and how
that should be achieved. For example, the manner how the
communication device can access the communication system and how
communications shall be implemented between communicating
devices, the elements of the communication network and/or other

communication devices is typically defined.

In a wireless communication system at least a part of commu-
nications between at least two stations occurs over a wireless
link. In wireless systems a communication device thus typically
provides a transceiver statien that can communicate with the
access node and/or another communications device. Examples of
wireless systems include public land mobile networks (PLMN},
satellite based communication systems and different wireless
local networks, for example wireless local area networks (WLAN).
In wireless systems an access node is provided by a base station,
The radio coverage area of a base station is known as a cell, and
therefore the wireless systems are often referred to as cellular
systems. In some systems a base station access node is called Node
B.

A communication system can be accessed by means of an appropriate
communication device. A communication device of a user is often
referred to as user equipment (UE). A communication device is
provided with an appropriate signal receiving and transmitting
arrangement for enabling communications with other parties. A
feature of wireless communication devices is that they offer

mobility for the users thereof. A mobile communication device,
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or mobile device for short, may also be transferred, or handed
over, from a bhase station to another and even between base

stations belonging to different systems.

Transmission diversity has been proposed to enhance performance.
For example, a single antenna port mecde with transmission
diversity has been proposed. Another approach is to use multiple
input multiple output (MIMO) multi-antenna arrangements.
Downlink (DL) MIMO has been proposed for LTE release 8 and uplink
(UL) MIMO for LTE release 10. In this proposal multiple
transmission blocks (TBs) can be carried on the same resources.
However, allocation of different resources for multiple
transmission blocks is not possible, and thus multi-antenna
stations can offer only limited scheduling flexibility. Two
directional antennas from two antenna sites can also be arranged
to point towards each other and so that they are seen as a single
cell. One transport block can be supported per transmit antenna,
mapped on the same frequency resources. However, the gain of
transmission diversity mode is not as high as for example in the
multiple input multiple output (MIMO) multi-~antenna arrangements
because the channel quality of the two links can be significantly

different when directional antennas are used.

Embodiments of the invention aim to address one or several of the

above issues.

In accordance with an embodiment there is provided a method for
controlling communications by a communication device, comprising
receiving on a plurality of control channels information of
resources allocated for the communication device for commu-
nications via a plurality of antennas in a service area, and
communicating simultanecusly via the plurality of antennas based

on the information.

In accordance with an embodiment there is provided a method for
resource allocation in a service area of a communication system,
comprising allocating resources for a communication device for

simultaneous communications via a plurality of antennas in the
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service area, and sending via a plurality of control channels
information of said allocated rescources to the communication

device.

In accordance with an embodiment there is provided an apparatus
for controlliing use of resources by a communication device in a
service area, the apparatus comprising at least one processor,
and at least one memory including computer program code, wherein
the at least one memory and the computer program code are
configured, with the at least one processor, to monitor for a
plurality of control channels to receive information of resources
allocated for communications via a plurality of antennas in the
service area; and to cause simultaneous communications via the

plurality of antennas based on the information.

In accordance with an embodiment there is provided an apparatus
for controlling use of resources by a communication device in a
service area, the apparatus comprising at least one processor,
and at least one memory including computer program code, wherein
the at least one memory and the computer program code are
configured, with the at least one processor, to allocate re-
sources for the communication device for simultaneous commu-
nications via a plurality of antennas in the service area, and
to cause sending of information of said allocated resources via

a plurality of control channels to the communication device.

In accordance with a more detailed embodiment said information
comprises a resource grant allocating a transport block. A
multiple of resource grants may be signalled within a subframe.

Resources may be allocated independently for communication via
each of the antennas. Different resources may be allocated for

transport blocks associated with different antennas.

The simultaneous communications can comprise communications on

a single carrier.
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The control channels may be associated with antenna ports and
transport blocks. Reference signals may be mapped to antenna
ports of the plurality of antennas. A reference signal channel

may be mapped to a shared physical channel.

Information of at least one of transmitted transport block, code
word, rank, and antenna peort may be communicated in a downlink
control information element. The information about the allocated
resources may be signalled on a physical downlink control

channel.

An offset may be used between search spaces associated with the

control channels.

The plurality of antennas can comprise directional antennas of

a cell.

The communication device may move relative to the plurality of

antennas,

The communication device may be configured to have a transmission
mode enabling use of the plurality of control channels and

antennas.

A computer program comprising program code means adapted to
perform the herein described methods may also be provided. In
accordance with further embodiments apparatus and/or computer
program product that can be embodied on a computer readable medium

for providing at least one of the above methods is provided.

Various other aspects and further embodiments are described in

the following detailed description and in the attached claims.

For a better understanding of some embodiments of the invention,
reference will be made by way of example only to the accompanying

drawings in which:
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Figure 1 shows a reference signal mapping for a backhauling
scenario with one antenna port from each direction;

Figure 2 shows an example of a communication device;

Figure 3 shows an example of controller apparatus for a base
station:

Figure 4 is flowchart illustrating an embodiment; and

Figure 5 shows a reference signal mapping for a backhauling
scenario with multiple antenna ports from each direction.

In the following certain exemplifying embodiments are explained
with reference to a wireless or mobile communication system
serving mobile communication devices. Therefore, before ex-
plaining in detail the exemplifying embodiments, certain general
principles of a wireless communication system and mobile
communication devices are briefly explained to assist in un-
derstanding the technology underlying the described examples.

A non-limiting example of communication systems is the long-term
evolution (LTE) of the Universal Mobile Telecommunications
System (UMTS) that is being standardized by the 3rd Generation
Partnership Project (3GPP). A further development of the LTE is
referred to as LTE-Advanced. A LTE base station is known as NodeB
(NB) in the vocabulary of the 3GPP specifications. The LTE based
systems can employ a mobile architecture known as the Evolved
Universal Terrestrial Radio Access Network {E-UTRAN). Base
stations of such systems are known as evolved Node Bs (eNBs) and
may provide E-UTRAN features such as user plane Radio Link
Control/Medium Access Control/Physical layer protocol
(RLC/MAC/PHY) and control plane Radio Resource Control (RRC)
protocol terminations towards the user devices. Other examples
of radio service include those provided by base stations of
systems that are based on technologies such as wireless local area
network (WLAN) and/or WiMax (Worldwide Intercperability for

Microwave Access).

Regardless of the underlying standard, a mocbile communication
device can be provided wireless access via at least one base

station or similar wireless transceiver node of an access system.
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An access system may be provided by a cell of a cellular system
or another radio service area enabling a communication device to
access a communication system. Therefore an access system 1is
hereinafter referred to as a radio service area or cell.
Typically a cell is provided by a base station site. A base station
site can provide a plurality of sectors, for example three radio
sectors, each sector providing a cell or a sub radio service area

of a cell.

As shown in the example of Figure 1, a plurality of antenna sites
1 and 2 connected to a controller 30 can provide a cell 10. 1In
the Figure 1 example each of the antenna sites 1 and 2 provides
a directional antenna providing beams 6 and 7. As shown, the
directionzl beams 6 and 7 can overlap each other. An appropriate
transmission scheme can be used to enable the two antenna site
transmission diversity and reception or transmission of two
transport blocks. The communications can take place on a single

carrier, for example on a frequency resource.

A LTE based backhauling can be used for providing communication
link for users on moving vehicles. For example, a node on a train
5 that can communicate with fixed eNBs adjacent to the tracks can
be provided. In the example of Figure 1 the train block 5 can be
seen an example of a communication device that is provided with
two directional antennas. The antennas 3 and 4 of the train 5 can
comprise relay nodes serving user equipment on the train. The cell
and the relay nodes on the train can both have directional
antennas. If directional antennas are provided at both the
receiver and the transmitter areas cccur along the tracks where
two strong links can be created. One of the links can be between
the antenna 4 on the train pointing forwards and the antenna site
2 in front of the train. The other link would then be between the
antenna 3 on the train pointing backwards to the antenna site 1

at the back of the train.

Regardless of the implementation, the herein described em-
bodiment exemplifies a node acting as a communication device in

communication with a controlling node of a radio service area,
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for example an eNB of a LTE cell. Thus block 5 of Figure 1 can
be seen as presenting any multi-antenna mobile communication
device in communication with two antenna sites of an eNB or

similar base station arrangement.

In accordance with an aspect, to exploit the two links provided
by the two separate antenna sites of a cell, communications
between the communication device and the cell are provided
simultaneously between the communication device and both antenna
sites. There are different ways to support that. For example, the
two directional antennas 1 and 2 of the two antenna sites can be
arranged to point towards each other and so that they are seen
as a single cell. A dual port common reference signal (CRS) can
be configured with one common reference signal (CRS) port for each

antenna.

A base station arrangement comprising a plurality of antenna
sites can be controlled by at least one appropriate controller
30 so as to enable operation thereof and management of mobile
communication devices in communication with the base station via
the plurality of antenna sites. The control apparatus can be
interconnected with other control entities. The base staﬁion can
be connected to a wider communications network. A controller may
be provided for coordinating the operation of the access systems.
A gateway function may also be provided to connect to another
network via the network. The other network may be any appropriate
network. A wider communication system may thus be provided by cone
or more interconnect networks and the elements thereof, and one
or more gateways may be provided for interconnecting wvarious

networks.

Figure 2 shows a schematic, partially sectioned view of a
communication device 21 that a user can use for communication.
Such a communication device is often referred to as user equipment
(UE) or terminal. An appropriate mobile communication device may
be provided by any device capable of sending and receiving radio
signals. Non-limiting examples include a mobile station {MS) such

as a mobile phone or what is known as a “smart phone’, a portable
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computer provided with & wireless interface card or other
wireless interface facility, perscnal data assistant (PDA)
provided with wireless communication capabilities, or any
combinations of these or the like. A mobile communication device
may provide, for example, communication of data for carrying
communications such as voice, electronic mail {(email), text
message, multimedia and so on. Users may thus be offered and
provided numerous services via their communication devices.
Non~limiting examples of these services include two-way or
multi-way calls, data communication or multimedia services or
simply an access to a data communications network system, such
as the Internet. User may also be provided broadcast or multicast
data. Non-limiting examples of the content include downloads,
television and radio programs, videos, advertisements, various

alerts and other information.

The mobile communication device 21 may receive and transmit
signals over an air interface 28 via appropriate apparatus for
receiving and transmitting signals. For example, in Figure 1 the
mobile communication device may communicate with the antenna
sites 1 and 2 via directional antennas 3 and 4. In Figure 2
transceiver apparatus is designated schematically by bleock 27.
The transceiver may be provided for example by means of a radio
part and associated antenna arrangement. The antenna arrangement
may be arranged internally or externally to the mobile device.
A wireless communication device can be provided with a Multiple
Input / Multiple Cutput (MIMO) antenna system.

A mobile communication device is also typically provided with at
least one data processing entity 23, at least one memory 24 and
other possible components 29 for use in software and hardware
aided execution of tasks it is designed to perform, including
control of access to and communications with base stations and
other communication devices. The data processing, storage and
other relevant control apparatus can be provided on an ap-
propriate circuit board and/or in chipsets. This feature is
denoted by reference 26. Possible control functions in view of

configuring the mobile communication device for reception and/or
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transmission of signalling information and data by means of the
data processing facility in accordance with certain embodiments
of the present invention will be described later in this de-

scription.

The user may control the operation of a communication device by
means of a suitable user interface such as keypad 22, voice
commands, touch sensitive screen or pad, combinations thereof or
the like. A display 25, a speaker and a microphone are also
typically provided. Furthermore, a mobile communication device
may comprise appropriate connectors (either wired or wireless)
to other devices and/or for connecting external accessories, for

example hands-free equipment, thereto.

Figure 3 shows an example of a control apparatus 30, for example
to be coupled to a base station and/or at least two antenna sites
and for controlling communications wvia at least two links
provided within the radio service area of the base station. The
control apparatus 30 can be arranged to provide control on use
of resources for communications by mobile communication devices
that are in the service area via the at least two different links.
The control apparatus 30 can be configured to provide control
functions in association with generation and communication of
resource allocation information and other related information
and for coordination of resource allocation for signalling and
data communications by means of the data processing facility in
accordance with certain embodiments described below. For this
purpose the control apparatus 30 comprises at least one memory
31, at least one data processing unit 32, 33 and an input/output
interface 34. Via the interface the control apparatus can be
coupled to receilver and transmitter apparatus of a base station.
The control apparatus 30 can be configured to execute an ap-

propriate software code to provide the control functions.

The reguired data processing apparatus and functions of a base
station apparatus, a communication device, a relay, and any other
appropriate station may be provided by means of one or more data
processors. The described functions at each end may be provided
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by separate processors or by an integrated processor. The data
processeors may be of any type suitable to the local technical
environment, and may include one or more of general purpose
computers, special purpcse computers, microprccessors, digital
signal processors (DSPs), application specific integrated
circuits (ASIC), gate level circuits and processors based on
multi core processor architecture, as non limiting examples. The
data processing may be distributed across several data processing
modules. A data processor may be provided by means of, for example
at least one chip. Appropriate memcry capacity can also be
provided in the relevant devices. The memory or memories may be
of any type suitable to the local technical environment and may
be implemented using any suitable data storage technology, such
as semiconductor based memcory devices, magnetic memory devices
and systems, optical memory devices and systems, fixed memory and

removable memory.

Various channels are typically provided between devices com-
municating in a communication system. A physical downlink control
channel (PDCCH) is an example of a control channel that can be
used to carry scheduling assignments and other control in-
formation in association with resocurce allocation. A physical
control channel can be transmitted on an aggregation of one or

several consecutive control channel elements.

The two antennas 1 and 2 are separately located. The antennas
1 and 2 can nevertheless be connected to the same base station,
for example an eNB. Thus, although two antenna sites are provided
in a cell, i1t can comprise only one base station. The controller
30 of the base station can allocate independently different
resources for each link with a separate control channel, for

example a separate physical downlink control channel (PDCCH}.

Figure 4 is a flowchart in accordance with an embodiment where
multiple control channels are made available for a communication
device in the area of a cell. The multiple physical control
channels can be transmitted, for example, using space frequency

block coding (SFBC) . More particularly, a controller can allocate

10
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resources at 100 for a communication device for simultaneous
communications via a plurality of antennas in a service area. At
102 the controller causes sending of information of said al-
located resources via a plurality of contrel channels to the
communication device. The communication device monitors for the
control channels and thus receives the information at 104. The
communication device may then communicate simultaneously at 106

via the plurality of antennas based on the information.

The communications between the communication device and the two
antenna sites can take place on a single carrier. Information
assoclated with an antenna and communicated via a control channel
may comprise a resource grant allocating a transport block. A
multiple of resource grants may be signalled within a subframe.
The resources may be allocated independently for communication

via each of the antennas.

In order to improve the flexibility of arrangement where multiple
transport bleocks (TBs) can be transported on the same resources
the allocation of physical rescurce blocks (PRBs) can be done
independently for the two transport blocks. For example, the
controller 30 may allocate for two transport blocks different
resources such as physical resource blocks (PRBs), modulation and
coding scheme (MCS), transport block size (TBS) and so forth for
each link with separate PDCCHs.

In accordance with a possibility two antenna transmission
diversity can be provided for example based on Alamouti style
space frequency diversity block coding where two transport blocks
can be transmitted or received. In this scheme a transport block
can be supported per transmit antenna, mapped on the same
frequency resources. The modulation and coding scheme (MCS) for
the two links can be flexibly adjusted and thus bit rate can be
adapted to the link quality independently for the two antennas

or transport blocks.

11
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The embodiments may provide more scheduling flexikility for a
scheduler, for example an eNB scheduler. The ENB scheduler can

be provided in the control apparatus 30 of Figure 3.

The multi-antenna multi-site diversity scheme can be extended for
example to a case where there are two transmitier receiver (trx)
chains for each link, meaning four transmitter receivers and

ports altogether. This is illustrated in Figure 5.

In accordance with an embodiment the network transmits multiple
downlink and/or uplink resource grants to the user equipment
within a sub frame. Each grant can allocate one transport block.
In accordance with a possibility more than one transport blocks

is allocated by at least one of the multiple grants.

A communication device can be configured to have a particular mode
of operation where the communication device can receive and
process the multiple control channels. In accordance with an
embodiment, a common reference signal (CRS) based transmission
mode is provided. When in this mode a communication device, for
example a mobile user eguipment can receive information about a
code word tc antenna port mapping and rank used for the
transmission. The information is provided in order to enable the
user eqgquipment to map & common reference signal channel to a
physical downlink shared channel (PDSCH). This information can

be transmitted in an appropriate control information element.

For example, a modified downlink control information (DCI) format
1B can be used for signalling of resource assignments for PDSCH
transmissions using rank 1 closed loop precoding (transmission
mode 6). The information of format 1B can be generally the same
as in DCI Mode 1A, but an indicator of the precoding vector is
added. In accordance with an embodiment a transport block and code
word selection and reinterpretation of the precoding matrix
indication (PMI) can be added to the DCI format 1B element to allow
for mapping of a code word to a CRS port out of two possible ports,
or two CRS ports out of four possible ports. If four CRS ports

are used, a rank indication bit can also be added.

12
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Another possible mode is a transmission mode that is based on use
of dedicated or demodulation reference signals (DRS or DM RS}).
The dedicated reference signals are typically used for downlink
(DL) transmission modes 7-9. For example, a moedified DCI format
1 can be used for carrying the additional information needed in
this mode. For example, information regarding an antenna port and
a transport block and code word selection can be provided. A rank
indication bit can be used if more than two layers for spatial
multiplexing of MIMO in PHY are used. Up toc four layers can be

mapped to one codeword.

Another example is a uplink transmission mode where a modified
DCI format 0 can be used. DCI format 0 is typically used for
physical uplink shared channel (PUSCH) grants. The modified DCI
format 0 can include indication of which transport block/code
word is transmitted and an antenna port indication. A rank
indication bit can ke used in case of more than two layers being

used.

A user egquipment can monitor multiple PDCCHs when such a
transmission mode is configured therein. The user equipment may
identify which antenna port and transport block the relevant

PDCCH is referring to.

A new transmission mode for the dual or multiple PDCCH trans-
missions may need to be specified in the PHY and RRC speci-

fications.

Fixed mapping between code word and antenna port may be used in
certain applications of the DRS mode and uplink mode.

Part of the information can be signalled implicitly. For example,
the information can be signalled by linking different parts of
an available search space to different transport blocks, and so
on. However, explicit signalling in the downlink assignment /
uplink grant, without limiting the use of the PDCCH for an antenna

13
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port to the corresponding search space can be used to provide a

more flexible sclution.

In certain applications a communication device at the downlink
may need to check all possible combinations of PDCCH locations,
PDCCH formats, and DCI formats and then behave accordingly.
However, such a ‘blind decoding” may reguire the communication
device to make several decoding attempts in each subframe. This
can be addressed by allocating the devices with a limited set of
centrol channel element locations where a PDCCH may be placed.
The set of locations in which a PDCCH can be located is often
called the search space. The search space can be of a different
size for each PDCCH format. Dedicated and common search spaces
can be defined for the communication devices. A dedicated search
space can be configured for each downlink device individually.

All devices can be informed of the extent of a common search space.

If substantial amount of downlink control information 1is
transmitted to one user equipment it might be necessary to extend
the search space in order to avoid blocking. However, there may
not be that many user equipments per a sector, and thus physical
downlink control channel (PDCCH) blocking is considered not
becoming too much of an issue in a typical use scenario. For
example, it can be assumed that the maximum number of user

equipments per sector is two,

In accordance with an embodiment a search space offset can be
configured for the additional PDCCH{s). This enables distin-
guishing between the different control channels from different
base stations. For example, search space offset can be assoclated

with an antenna port indication.

ACK/NACK codebook for a hybrid automatic repeat request (HARQ)
scheme can be based on the number of transport blocks that are
configured. For example, it has been suggested that in the LTE
up to two transport blocks can be configured and that related
ACK/NACK messages can be fed back to the base station.

14
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The communications between the base station sites and fhe user
equipment can be provided by means of relaying. In relaying
entities referred to as relay stations (RSs) or relay nodes (RNs)
can be provided between the base stations and the user equipment.
The relay nodes can be fixed, for example other base stations,
or mobile, for example mounted on a train as shown in Figures 1
and 5. In some systems the relaying nodes or stations may be
provided by oppertunistically available user equipments / mobile
terminals that are not as such a part of the communication network.
Arelay node {RN) can be wirelessly connected to the communication
system, typically to a station connected to a radio-access
network. Such a station is often referred to as a deonor station
or donor cell. The donor station provides resources for wireless

backhauling, or a backhaul link, for the relay.

An appropriately adapted computer program code product or
products may be used for implementing the embodiments, when
loaded or otherwise provided on an appropriate data processing
apparatus, for example for causing determinations of appropriate
configurations and/or resource allocations and communications of
information between the various nodes. The program cede product
for providing the operation may be stored on, provided and
embodied by means of an appropriate carrier medium. An ap-
propriate computer program can be embodied on a computer readable
record medium. A possibility is to downlocad the program code
product via a data network. In general, the various embodiments
may be implemented in hardware or special purpose circuits,
software, logic or any combination thereof. Embodiments of the
inventions may thus be practiced in various components such as
integrated circuit modules. The design of integrated circuits
is by and large a highly automated process. Complex and powerful
software tools are available for converting a logic level design
into a semiconductor circuit design ready to be etched and formed

on a semiconductor substrate.

It is noted that whilst embodiments have been described in
relation to communications system such as those based on the
LTE-Advanced (LTE-A) systems and 3GPP based systems and with

15
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relation to signalling on the PDCCH, similar principles can be
applied to other communication systems and control channels.
Non-limiting examples of other communication systems include
those based on the WCDMA and HSPA. Thus, instead of commu-
nications between communication devices such as a user egquipment
and base stations the communications may be provided in different
scenarios such as in communications taking place directly between
two cor more user equipments. For example, this may be the case
in application where no fixed station equipment is provided but
a communication system is provided by means of a plurality of user
equipment, for example in adhoc networks. Also, the above
principles can also bhe used in networks where relay nodes are
employed for relaying transmissions between stations. Therefore,
although certain embodiments were described above by way of
example with reference to certain exemplifying architectures for
wireless networks, technologies and standards, embodiments may
be applied to any other suitable forms of communication systems

than those illustrated and described herein.

It 1s also in noted that although Figures 1 and 5 show examples
where the downlink device is located on a train and where separate
relay nodes are used, this is not the only use scenario. Instead,
any arrangement where different antennas of a service area can
provided independent resource allocation for a downlink com-
munication device is intended to be covered by this disclosure.

In accordance with a possibility antennas on a train are a part
of the train’s communication system and for a part of a com-
munication system for transporting train control related

signals.

It is alsc noted herein that while the above describes exem-
plifying embodiments of the invention, there are several
variations and modifications which may be made to the disclosed
solution without departing from the spirit and scope cof the

present invention.

16
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What is claimed is:

1. A method for controlling communications by a communication
device, comprising
receiving on & plurality of control channels information of
resources allocated for the communication device for commu-
nications via a plurality of antennas in a service area; and
communicating simultaneously via the plurality of antennas

based on the information.

2. A method for resource allocation in a service area of a
communication system, comprising:

allocating resources for a communication device for si-
multaneous communications wvia a plurality of antennas in the
service area; and

sending via a plurality of control channels information of

gaid allocated resources to the communication device.

3. A method according to claim 1 or 2, wherein said information

comprises a resource grant allocating a transport block.

4. A method according to claim 3, comprising signalling a

multiple of resource grants within a subframe.

5. A methed according to any preceding claim, wherein resources
are allocated independently for communication via each of the

antennas.

6. A method according to any preceding claim, wherein the
simultaneous communications comprise communications on a single

carrier.

7. A method according to any preceding claim, comprising
associating the control channels with antenna ports and transport

blocks.

17
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8. A method according to any preceding claim, comprising
mapping reference signals to antenna ports of the plurality of

antennas.

9. A method according to any preceding claim, comprising

mapping a reference signal channel to a shared physical channel.

10. A method according to any preceding claim, comprising
providing the communication device with information of at least
one of an allocated transport block, code word selection, rank,

and antenna port.

11. A method according teo any preceding claim, comprising
communicating information of at least one of transmitted
transport block, code word, rank, and antenna port in a downlink

control information element.

12. A method according to any preceding claim, comprising
signalling the information about the allocated resources on a

physical downlink control channel.

13. A method according to any preceding claim, comprising
allocating different rescurces for transport blocks associated

with different antennas.

14. A method according to any preceding claim, comprising use
of an offset between search spaces associated with the control

channels.

15. A method according to any preceding claim, wherein the

antennas comprise directional antennas of a cell.

16. A method according to any preceding claim, wherein the

communication device moves relative to the plurality of antennas.

17. A method according to any preceding claim, comprising
monitoring for a multiple of contrel channels by the commu-

nication device.

18
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18. A method according to any preceding claim, comprising using

space frequency block coding for communications.

19. An apparatus for controlling use of resources by a com-
munication device in a service area, the apparatus comprising at
least one processor, and at least one memory including computer
pregram code, wherein the at least one memory and the computer
program code are configured, with the at least one processor, to

monitor for a plurality of contreol channels to receive
information of resources allocated for communications via a
plurality of antennas in the service area; and

cause simultaneous communications via the plurality of

antennas based on the information.

20. An apparatus for controlling use of resources by a com-
munication device in a service area, the apparatus comprising at
least one processor, and at least one memory including computer
program code, wherein the at least one memory and the computer
program code are configured, with the at least one processor, to

allocate resocurces for the communication device for si-
multaneous communications via a plurality of antennas in the
service area; and

cause sending of information of said allocated resources via

a plurality of control channels to the communication device.

21. An apparatus according to claim 19 or 20, wherein said
information comprises a resource grant allocating a transport
block.

22. An apparatus according to claim 21, configured to cause

signalling of a multiple of resource grants within a subframe.
23. An apparatus according to any of claims 192 to 22, wherxein

resources are allocated independently for communications via

each of the antennas.
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24, An apparatus according to any of claims 19 to 23, wherein
the communication device is configured to communicate on a single

carrier via the plurality of antennas.

25. An apparatus according to any of claims 19 to 24, configured
to associate the control channels with antenna peoris and

transport blocks.

26. An apparatus according to any of claims 19 to 25, configured
to map reference signals to antenna ports of the plurality of

antennas.

27. An apparatus according to any of claims 19 to 26, configured
to map a reference signal channel to a shared physical channel.

28. An apparatus according to any of claims 19 to 27, configured
to provide the communication device with information of at least
one of an allocated transport block, code word selection, rank,

and antenna port.

29. An apparatus according to any of claims 19 to 28, configured
to signal the informetion about the allocated resources on a

physical downlink control channel.

30. An apparatus according to any of claims 19 Lo 29, configured
to allocate different resources for transport blocks associated

with different antennas.

31. An apparatus according to any of claims 19 to 30, configured
to use an offset between search spaces associated with the control

channels.

32. An apparatus according to any of claims 19 to 31, wherein
the plurality of antennas comprise at least one directional

antenna.

33. An apparatus according to any of claims 19 to 32, wherein
the communication device is configured to have a transmission
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mode enabling use of the plurality of control channels and

antennas.

34. A device for a communication system comprising an apparatus

in accordance with any of claims 192 to 33.

35. A device as claimed in claim 34, comprising a base station

or mobile user equipment.

36. A computer program comprising program code means adapted to
perform the steps of any of claims 1 to 18 when the program is

run on a data processing apparatus.

37. A communication system comprising an apparatus or a device

in accordance with any of claims 19 to 35.
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