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nel elements are reserved for transmitting
beam-specific reference information in case
beamforming is applied. Information which
indicates the at least one reserved control
channel element of the control channel ele-
ments is provided to the receiver, so that
beam-specific reference information can be
obtained via the at least one reserved control
channel element.
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DESCRIPTION
TITLE

Reservation of common control channel elements for dedicated

signalling

FIELD OF THE INVENTION

The present invention relates to a method, system, apparatus,
and computer program products for creating physical resources
for dedicated reference information in a transmission system,

such as multiple-input multiple-output (MIMO) system.

BACKGROUND OF THE INVENTION

Wireless communication systems are widely deployed to provide
various communication content such as voice, video, packet
data, messaging, broadcast, etc. These wireless systems may
be multiple-access systems capable of supporting multiple us-
ers by sharing the available system resources. Examples of
such multiple-access systems include Code Division Multiple
Access (CDMA) systems, Time Division Multiple Access (TDMA)
systems, Frequency Division Multiple Access (FDMA) systems,
Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

In a wireless communication system, an access device (a base
station or Node B) may send traffic data and/or control in-
formation on the downlink (DL) to a terminal device (e.g. a
user equipment (UE)). The UE may also send traffic data
and/or control information on the uplink to the Node B. The
control information sent on each link may be useful but
represents overhead. It is therefore desirable to efficiently
and reliably send control information in order to achieve

good performance.
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Beamforming is a process used to create a radiation pattern
of the antenna array by adding constructively the phases of
the signals in the direction of desired targets or mobile de-
vices, and/or nulling the pattern of target or mobile devices
that are undesired or interfering. Beamforming takes advan-
tage of interference to change the directionality of the ar-
ray. When transmitting, a beamformer controls the phase and
relative amplitude of the signal at each transmitter, in or-
der to create a pattern of constructive and destructive in-
terference in the wavefront.

In MIMO systems antenna arrays are used to enhance bandwidth
efficiency. MIMO systems provide multiple inputs and multiple
outputs for a single channel and are thus able to exploit
spatial diversity and spatial multiplexing. Further informa-
tion about MIMO systems can be gathered from the IEEE speci-
fications 802.11n, 802.16-2004 and 802.1l6e, as well as 802.20
and 802.22 which relate to other standards. Specifically,
MIMO systems have been introduced to radio systems like e.g.
WiMAX (Worldwide Interoperability for Microwave Access) and
are currently standardized in 3°® Generation Partnership Pro-
ject (3GPP) for WCDMA (Wideband Code Division Multiple Ac-
cess) as well as 3GPP E-UTRAN (Enhanced Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access

Network), such as LTE (Long Term Evolution) or 3.9G.

However, to provide a reliable beamforming mechanism, beam-
specific or dedicated control signalling has to be exchanged

between terminal devices and access devices.

As an example, the control channel structure of 3GPP LTE is
constructed such that a number of control channels are multi-
plexed in the time and frequency domain. These are the Physi-
cal Control Format Indicator Channel (PCFICH) which is a con-
trol channel for indicating the number of OFDM symbols for
control, the Physical HARQ (Hybrid Automatic Repeat Request)
Indicator Channel (PHICH) which is a control channel for the
uplink (UL) HARQ, and Physical Downlink Control Channel
(PDCCH) which is a control channel for the indication of UL
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and DL data allocations. On top of these channels, a subset
of the physical resources are regerved for so-called refer-
ence symbols (or pilot symbols), which are used to create a
common reference such that it is possible for a terminal de-
vice to do channel estimation when receiving the control
and/or data channels. These reference symbols are common to
all UEs, and are typically being denoted common reference
symbols (CRS).

When multiple transmit antennas are used in the base station
device, it is possible to introduce MIMO techniques, e.g.
beamforming, which can be applied at the transmitting end
without any requirements for the terminal receiver setup be-
sides the fact that the terminal device should be able to do
demodulation based on dedicated reference symbols (which may
be present within the scheduled resources). That is, it is
possible to use the technigques no matter whether the terminal

device has 1 or more reception antennas.

The PDCCH (and the control channels for LTE in general) are

constructed from some building blocks, which are denoted re-
source element groups (REG). These REGs may consist of four

neighbouring resource elements, wherein one resource element
may be a subcarrier symbol for the duration of one OFDM sym-
bol. The elements within a REG might be divided, if there is
a reference symbol in between, since these have higher prior-

ity than the grouping of the elements in the REGs.

Fig. 3 shows an example structure of the creation and alloca-
tion of REGs, as suggested for example in proposal R1-074080
for 3GPP TSG RAN Meeting #50bis, Shanghai, China, October 8-
12, 2007. Here, it is seen that each REG is constructed of
four neighbouring resource elements (upper part), and for the
shown case there are three OFDM symbols allocated for control
channel information. The REGs are interleaved and combined in
blocks of nine REGs to create a control channel element

(CCE). Such a CCE is the minimum entity which can be used for
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transmitting the resource allocation for a UL or DL schedul-

ing for a single terminal device.

In case the terminal device is in poor channel conditions, it
is possible to aggregate these CCEs to provide more radio re-

sources (and thereby achieve better coverage).

In the conventional setup of control channels and data chan-
nels, it is such that there is support for implementing beam-
forming. This beamforming can be supported by introducing
dedicated reference symbols (DRS) into the physical downlink
shared channel (PDSCH), but there is currently no support for
DRS in the control channel part. A problem is that DRS is de-
fined to be terminal specific, so that conventional implemen-
tation would create a chicken/egg problem in that the termi-
nal device will need to decode the control channel correctly
(e.g. identify its radio network temporary identity (RNTI))
to know that it has been scheduled. However, to achieve this,
it needs to know the DRS, which it will only be able to iden-
tify when it is being scheduled.

To solve this problem, it has been proposed to implement
beam-specific DRS, so that the DRS is not addressed directly
to the terminal device, but dedicated to a beam formed by the
base station device towards a specific direction. However,
such solutions require modification of the structure of the
CRS to allow for beam specific DRS at the same positions, and
would therefore impact the “backwards compatibility” of the
system, which is not a preferred way in terms of traditional
evolution of the system. As an example, it may be difficult
to ensure that DRS is transmitted in the full bandwidth and
this may introduce constraints on the scheduling. It may for
example be difficult to schedule terminal devices of differ-
ent evolutionary levels of a standard (e.g. 3GPP Release 8
and 3GPP Release 10 UEs) in the same sub frame, as the ear-
lier standard might support transmission of proper DRS in its
allocated bandwidth only.
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Furthermore, in Wideband CDMA (WCDMA), beamforming based Spa-
tial Division Multiple Access (SDMA) is supported by adding a
secondary common synchronization channel. Using this, SDMA
can be applied to both dedicated control and data channels.
However, this approach is not directly applicable in LTE, as
the multiple access scheme is OFDMA and the reference or pi-

lot signals are designed in a quite different way.

SUMMARY

According to various embodiments, two interrelated methods

are provided.

First, a method is provided, which comprises:

e reserving a subset of physical resources of a communica-

tion channel for at least one control channel;

e dividing said subset of physical resources into control
channel elements each consisting of a block of resource

element groups;

e using a predefined subset of said resource element
groups for transmitting common reference information for
channel estimation at a receiver of said communication

channel; and

e reserving at least one of said control channel elements
for transmitting beam-specific reference information in

case beamforming is applied.

Second, a method is provided, which comprises:

e regerving a subset of physical resources of a commu-

nication channel for at least one control channel;
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e dividing said subset of physical resources into con-
trol channel elements each consisting of a block of

resource element groups;

e using a predefined subset of said resource element
groups for receiving common reference information for

channel estimation:;

e determining a reservation information which indicates
at least one reserved control channel element of said

control channel elements; and

e receiving beam-specific reference information via

sald at least one reserved control channel element.

Additionally, according to various embodiments, two interre-

lated apparatuses are provided.

First, an apparatus is provided, which comprises:

a controller for reserving a subset of physical re-
sources of a communication channel for at least one con-
trol channel and for dividing said subset of physical
resources into control channel elements each consisting

of a block of resource element groups; and

a transmitter for using a predefined subset of said re-
source element groups for transmitting common reference
information for channel estimation at a receiver of said

communication channel;

wherein said controller is adapted to reserve at least
one of said control channel elements for transmitting
beam-specific reference information in case beamforming

is applied.

Second, an apparatus is provided, which comprises:
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e a controller for reserving a subset of physical re-
sources of a communication channel for at least one
control channel, and for dividing said subset of
physical resources into control channel elements each

consisting of a block of resource element groups;

e a receiver adapted to use a predefined subset of said
resource element groups for receiving common refer-

ence information for channel estimation; and

e a detector for detecting a reservation information
which indicates at least one reserved control channel

element of said control channel elements;

e wherein said controller is adapted to control said
receiver to receive beam-specific reference informa-
tion wvia said at least one reserved control channel

element.

Further, a system is provided, which comprises at least one

of both apparatuses defined above.

In addition, a respective computer program product can be
provided comprising code means for producing the steps of the

above methods when run on a computer device.

Accordingly, a concept of reserving a set of CCEs is pro-
posed, such that they are not used for conventional control
channel signalling, but might be used for transmitting beam-
specific DRS (or other types of reference or pilot signals).
Hence, the conventional control channel structure is not in-
fluenced by the proposed reservation, but might choose to
sacrifice control channel capacity (in terms of number of
CCEs available) for the feature of beam-specific control sig-
nalling. Whenever beam-forming is used on top of the control
channel it might be possible to schedule two or more UEs at

the same time on the same physical resources at a time (i.e.
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spatial multiplexing), and for a high penetration of UEs sup-
porting this feature, the gain from spatial multiplexing can
easily be higher than the loss from reserving a few CCEs for
the DRS.

According to a non-limiting example, the beam-specific refer-
ence information may comprise at least one dedicated termi-
nal-specific reference or pilot symbol for supporting beam-

forming.

According to another non-limiting example, the at least one
control channel may comprises a physical downlink control

channel for indicating uplink and downlink data allocation.

The reservation information for informing the receiver side
about the reserved control channel element(s) may be trans-

mitted via a radio resource control signalling for example.

According to a further non-limiting example for an OFDM-based
implementation, each of the resource element groups may con-
sist of subcarrier symbols for the duration of one OFDM sym-
bol. Optionally, the reserved control channel elements may be

selected as neighboring control channel elements.

The claimed apparatus may be represented by a semiconductor
chip, a chipset, or a (hardware) module comprising such chip
or chipset; this, however, does not exclude the possibility
that a functionality of an apparatus or module, instead of
being hardware implemented, be implemented as software in a
(software) module such as a computer program or a computer
program product comprising executable software code portions

for execution/being run on a processor.

BRIEF DESCRIPTION OF THE DRAWINGS




10

15

20

25

30

35

WO 2011/042045 PCT/EP2009/062923

The present invention will now be described on the basis of
an embodiment with reference to the accompanying drawings in

which:

Fig. 1 shows a schematic block diagram of a communication

system in which the present invention can be implemented;

Fig. 2 shows a schematic diagram of a multi antenna Node B

device with an apparatus according to a first embodiment;
Fig. 3 shows an illustration of a conventional approach for
creating a set of control channel elements and a correspond-

ing numbering scheme;

Fig. 4 shows a schematic block diagram of a UE device with an

apparatus according to a second embodiment.

Fig. 5 shows a schematic flow diagram of a network-sided CCE

reservation procedure according to a third embodiment;

Fig. 6 shows a schematic flow diagram of a terminal-sided CCE

reservation procedure according to a fourth embodiment;

Fig. 7 shows a schematic diagram indicating average frequency

distance between REGs used for DRS;

Fig. 8 shows a schematic diagram indicating maximum frequency

distance between REGs used for DRS; and

Fig. 9 shows a schematic block diagram of a computer-based

implementation according to a fifth embodiment.

DESCRIPTION OF THE EMBODIMENT

Exemplary embodiments of the present invention will now be
described. Indeed, the invention may be embodied in many dif-
ferent forms and should not be constructed as limited to the

embodiments set forth herein. Although the specification may
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refer to “an”, “one”, or “some” embodiment (s) in several lo-
cations, this does not necessarily mean that each such refer-
ence is to the same embodiment (s), or that the feature only
applies to a single embodiment. Single features of different
embodiments may also be combined to provide other embodi-
ments. Like reference numerals refer to like elements

throughout.

The present invention is applicable to any base station de-
vice, access device, server device, corresponding component,
and/or to any communication system or any combination of dif-
ferent communication systems that support beamforming. The
protocols used, the specifications of communication systems,
servers and user terminals, especially in wireless communica-
tion, develop rapidly. Such development may require extra
changes to an embodiment. Therefore, all words and expres-
siongs should be interpreted broadly and they are intended to

illustrate, not to restrict, the embodiment.

In the following, different embodiments will be described us-
ing, as an example of a system architecture whereto the em-
bodiments may be applied, an architecture based on an LTE-
Advanced network without restricting the embodiment to such

architecture, however.

A general architecture of a communication system providing an
example of an environment where the present solution may be
used, is illustrated in Fig. 1 which shows a simplified sys-
tem architecture. It is apparent to a person skilled in the
art that the communication system may also comprise other
functions and structures. It should be appreciated that func-
tions, structures, elements and protocols used in or for
group communication, may be irrelevant to the actual inven-
tion. Therefore, those need not to be discussed in more de-

tail here.

Referring to Fig. 1, a communication system 100 comprises a

user equipment (UE) 20 which may be e.g. a mobile or wireless
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user terminal, such as a mobile phone (mobile station), a
personal digital assistant (PDA), a game console, a smart
phone, a personal computer (PC), a laptop, a desktop computer
or the like, capable of receiving/transmitting control and
user data. The communication system 100 further comprises an
access network (such as an evolved UMTS terrestrial radio ac-
cess network of an enhanced cellular network (E-UTRAN)) which
can be accessed via a network node or a component, such as a
base station (enhanced Node B (eNB), E-UTRAN node B, eNodeB)
10, capable of transmitting/receiving component carrier sig-
nalling. Here it is assumed that the user equipment (UE) 20
is capable of communicating with the base station 10 by util-
izing an air interface (also referred to as a radio inter-
face). Respective arrows are depicted to indicate uplink (UL)
and downlink (DL) directions. Transmission may be based on
orthogonal frequency division multiplexing (OFDM) as a modu-
lation scheme to communicate data between a signal source,
such as the base station 10, and a subscriber station, such
as the UE 20. OFDM enables communication of a large amount of
data over a limited bandwidth by allocating the data among
multiple smaller sub-signals, and then simultaneously trans-

mitting the sub-signals using different sub-carriers.

Although discussed as a primary example herein, the present
solution is not limited to E-UTRAN, LTE, and/or 3GPP systems.
Thus, the present solution may also be applicable to other
communications systems such as WiMAX (worldwide interopera-
bility for microwave access) and/or WLAN (wireless local area

network) and/or other multi-carrier systems.

The embodiment which will now be described is configured for
a wireless multi-antenna transmission system or smart antenna
system, such as - but not limited to - a MIMO system for an
exemplary case of four antenna elements at a transceiver unit
e.g. of a base station device, such as a Node B. However, it
will be apparent from the following description and is there-
fore explicitly stressed that the present invention can be

applied to any other multi-antenna transmission system for
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different radio access technologies involving multi-antenna
transceiver devices (e.g. base station devices, access points

or other access devices).

Fig. 2 shows a Node B device (e.g. the Node B 10 of Fig. 1)
with an exemplary multi-antenna system in which the present
invention could be implemented, wherein an antenna array or
smart antenna 60 comprising four antenna elements is pro-
vided. A beamformer 65 may be implemented e.g. as part of a
signal processing element. The multi-antenna system may be
provided at a base station device or access device of a wire-
less or cellular network. As initially mentioned, the beam-
former 65 is configured to adjust at least one of phases and
amplitudes of respective signal components supplied to said
smart antenna 60 in order to generate an antenna pattern with
a predetermined directivity, e.g. beam or nulling direction.
It is noted that Fig. 2 only shows those elements involved in
or related to the proposed control signalling procedures or
mechanisms. Other components have been omitted for reasons of

clarity and brevity.

The beamformer 65 is controlled by a beamforming control sig-
nal or information 70 which is generated by a control proces-
sor 80. The control processor 80 and beamformer 65 are part
of or integrated into the general signal generation/reception
module 5. Blocks 5, 80, and 65 of Fig. 1 may be implemented
as a digital processor, computer device, or analog processing
circuit. The control processor 80 generates respective con-
trol signals (e.g. dedicated reference or pilot symbols, such
as DRS) for each of four transmission (Tx) chains 22, 24, 2o,
and 28 and, respectively, receives control signals from each
of four receiving (Rx) chains 32, 34, 36, and 38. These con-
trol signals may be used for channel estimation, calibration
or the like. Each of the Tx chains 22, 24, 26, and 28 and Rx
chains 32, 34, 36, and 38 is used for transmitting or respec-
tively receiving a respective transmission signal component
via a respective antenna element of the smart antenna 60. The

Tx and Rx chains comprise a plurality of processing elements
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or stages (such as mixing stages, modulating or demodulating
stages, filter stages, coding or decoding stages, amplifying
stages, etc.) required for transmitting or receiving trans-
mission signal components. Depending on an uplink or downlink
beamforming control operation, respective switching elements
(not shown), which may be electrical or mechanical switches
are switched by a control function (not shown) to a predeter-
mined switching position, so as to connect the Tx chains or

RX chains to the smart antenna 60.

According to various embodiments, physical resources are cre-
ated by reserving a set of CCEs in the respective control
channel (e.g. PDCCH), such that they are not used for conven-
tional common control channel signalling, but might be used
for transmitting beam-specific DRS (or other types of refer-
ence signals). In the exemplary embodiments a concept of grid
of fixed beams is applied, as it is intend for each beam to
have its own unique identity (ID) and thereby a unique DRS.
In this way, the current common control channel structure is
no influenced or modified, but the control processor 80 might
choose to sacrifice control channel capacity (in terms of
number of CCEs available for common control) for the feature
of beam-specific DRS. Whenever beam-forming is used on top of
the control channel, the control processor 80 may decide to
schedule two or more UEs at the same time on the same physi-
cal resources at the time (i.e. spatial multiplexing). If DRS
is supported by many UEs, the capacity loss from reserving a
few CCEs for the DRS may be outweighed by the gain achieved
by spatial multiplexing.

Additionally, a control signalling may be provided for con-
trolling which UEs are configured to use these DRS reserved
CCEs, such that the eNB can choose which approach to use. A
base configuration could be that the DRS control signaling is
disabled at the UEs. When the need for beam forming on the
PDCCH rises (and UEs support this), the eNB may indicate to
the UEs (e.g. through radio resource control (RRC) signal-

ling) which CCEs are reserved for DRS. This means that in
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case there is high frequency selectivity, the control proces-
sor 80 at the eNB can choose to reserve a predetermined num-
ber of CCEs (and potentially specific CCEs) for DRS transmigs-
sion, and thereby balance the gain versus the potential con-

trol channel capacity loss.

As alternatives or in addition, the reserved DRS sgpecific
CCEs may be default CCEs preset by the network operator or
may be settable or controllable at the UEs directly.

Additionally, the control processor 80 of Fig. 2 may be
adapted to exercise control to the effect that all beam-
specific (i.e. SDMA) PDCCHs and DRS transmitted to users in
the same beam are precoded identically. This type of precod-
ing is also called “grid of beams”. The DRS sequence could be
arranged so that a receiving UE can derive the beam specific
sequence in the full band. Also, the DRS sequences could be
randomised or even orthogonalized in between different beams

to ensure proper channel estimation performance.

The CCE can be reused for reference signals because the map-
ping to physical resources maximises diversity and thus even
for a few CCEs there will be DRS in the full bandwidth.

Fig. 4 shows a schematic block diagram of a UE device (e.g.

the UE 20 of Fig. 1) with an apparatus according to a second
embodiment. It is noted that Fig. 4 only depicts those parts
which are relevant for the description of the second embodi-

ment.

The UE device comprises a radio frequency (RF) front end 22
adapted to transmit and receive user and control data. Addi-
tionally, a DRS determination (DET) functionality or unit 24
is connected to the RF front end 22 so as to detect a use of
DRS specific CCEs and/or determine which CCEs have been re-
served for DRS signaling. The detection and/or determination

can be based on a reservation information received via an RRC
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signaling and/or based on a setting information provided at
the UE device.

Based on the result of detection and/or determination, the
determination unit 24 provides control information to a con-
trol processor 26 which comprises a beam-specific control
(BSC) functionality or unit 262 for DRS control and a conven-
tional control (CC) functionality or unit 264 for conven-
tional common control. In response to the control information
received from the determination unit 24, the control proces-
sor 26 activates one of the beam-specific control unit 262

and the common control unit 264.

Fig. 5 shows a schematic flow diagram of a network-sided CCE

reservation procedure according to a third embodiment.

In step S101, a subset of CCEs is reserved for DRS over
PDCCH. Then, it is checked or decided in step S102 whether
beamforming is to be applied for a control signaling to a
specific UE. If beamforming is to be applied, reservation in-
formation which indicates the reserved CCE(s) is signaled to
the concerned UE ins step S103. Then, beam-specific DRS is
transmitted to the concerned UE by using the reserved CCE(s).
If it is determined in step S102 that beamforming is not ap-
plied, the procedure branches to step S105 and conventional

common control without DRS is applied.

Fig. 6 shows a schematic flow diagram of a terminal-sided CCE

reservation procedure according to a fourth embodiment.

In step S101, a check for reservation information which indi-
cates the reserved CCE(s) is initiated. Then, it is deter-
mined in step $202 whether beam-specific control is applied
by DRS over PDCCH. If beam-specific control is applied, re-
served CCE(s8) are determined in step $203 based on the reser-
vation information. Then, beam-specific DRS igs received via
the reserved CCE(s). If it is determined in step S202 that

beam-specific control is not applied, the procedure branches
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to step S205 and conventional common control without DRS igs

applied.

The reservation information may directly indicate the re-
served CCE(s8) or may just indicate use of beam-specific con-
trol while the reserved CCE(s) may be gathered from a default
setting or an individual setting stored in the terminal

and/or provided by the network.

To illustrate the performance of the proposed resource crea-
tion concept, information on the positions of the REGs in the
frequency domain (which is needed to know the expected per-
formance of the channel estimation) has been extracted. The
tool for extracting this information simply places all the
control channels in the resource element grid (time and fre-
quency) and post processing scripts evaluate the distance be-

tween the resource element groups in the frequency domain.

Figs. 7 and 8 show schematic diagrams respectively indicating
average and maximum frequency distance between REGs used for
DRS. More specifically, the performance has been evaluated
for neighbouring CCEs (to reduce fragmentation of the aggre-
gated CCEs). In the evaluation, three cases have been consid-
ered: reservation of one CCE for DRS, two CCEs for DRS, and
three CCEs for DRS. In all cases (for multiple CCEs) wrap-
around has been used, meaning that in case CCE#43 is used, we
also use CCE#1 and CCE#2 for DRS. The results are shown in
Figs. 7 and 8. From these it can be gathered that it is pos-
sible to obtain an average frequency difference between the
REGs of approximately 300 kHz when using three REGs for the
DRS. It should be considered that at each REG, four resource
elements are available for channel estimation (whichever way
is used to provide channel estimation). Further, it is seen
that by selecting the right set of neighbouring CCEs, it is
possible to reduce the maximum separation between two REGs to

approximately 500 kHz.



10

15

20

25

30

35

WO 2011/042045 PCT/EP2009/062923

17

Fig. 9 shows a schematic block diagram of a software-based
implementation of the proposed resource creation system. More
specifically, the block diagram of Fig. 9 may correspond to
the devices at both signalling ends, namely UE device and
Node B device, respectively. Here, the respective control
processors 26 and 80 are configured as a computer device 200
comprises a processing unit 210, which may be any processor
or processing device with a control unit which performs con-
trol based on software routines of a control program stored
in a memory 212. Program code instructions are fetched from
the memory 212 and are loaded to the control unit of the
processing unit 210 in order to perform the processing steps
of the above functionalities described in connection with the
respective Figs. 2, 4, 5 and 6. These processing steps may be
performed on the basis of input data DI and may generate out-
put data DO, wherein the input data DI may correspond to a
beamforming trigger at the network side (e.g. Node B device)
or to a detected reservation information at the terminal side
(e.g. UE device). The output data DO may correspond to the
reservation information at the network side or to a DRS spe-

cific control signalling at the terminal side.

At this point, it is noted that the functionalities of the
control processor 80 of Fig. 2 and the control processor 26
of Fig. 4 can be implemented as discrete hardware or signal
processing units, or alternatively as software routines or
programs controlling a processor or computer device to per-
form the processing steps of the above functionalities.

To summarize, a method, system, apparatus, and computer pro-
gram product for creating physical resources for dedicated
reference information in a transmission structure have been
described, wherein a subset of physical resources of a commu-
nication channel is reserved for at least one control channel
and wherein the subset of physical resources is divided into
control channel elements each consisting of a block of re-
source element groups. A predefined subset of the resource
element groups is used for transmitting common reference in-

formation for channel estimation at a receiver of said commu-
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nication channel and at least one of the control channel ele-
ments are reserved for transmitting beam-specific reference
information in case beamforming is applied. Information which
indicates the at least one reserved control channel element
of the control channel elements is provided to the receiver,
so that beam-specific reference information can be obtained

via the at least one reserved control channel element.

It is to be noted that the present invention is not re-
stricted to the embodiment described above, but can be imple-
mented in any network environment involving multi-antenna
systems with a beamforming functionality. Any kind of control
element of a control signaling used for non-beam-specific
common control could be reserved for the beam-specific con-
trol. The embodiment may thus vary within the scope of the

attached claims.
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Claims

A method comprising:

reserving a subset of physical resources of a communica-

tion channel for at least one control channel;

dividing said subset of physical resources into control
channel elements each consisting of a block of resource

element groups;

using a predefined subset of said resource element groups
for transmitting common reference information for channel
estimation at a receiver of said communication channel;

and

reserving at least one of said control channel elements
for transmitting beam-specific reference information in

case beamforming is applied.

A method comprising:

reserving a subset of physical resources of a communica-

tion channel for at least one control channel;

dividing said subset of physical resources into control
channel elements each consisting of a block of resource

element groups:;

using a predefined subset of said resource element groups
for receiving common reference information for channel es-

timation;

determining a reservation information which indicates at
least one reserved control channel element of said control

channel elements; and
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receiving beam-specific reference information via said at

least one reserved control channel element.

The method according to claim 1 or 2, wherein said beam-
specific reference information comprises at least one
dedicated terminal-specific reference or pilot symbol for

supporting said beamforming.

The method according to any one of the preceding claims,
wherein said at least one control channel comprises a
physical downlink control channel for indicating uplink

and downlink data allocation.

The method according to claim 2, further comprising trans-
mitting said reservation information via a radio resource

control signalling.

The method according to any one of the preceding claims,
wherein each of said resource element groups consists of
subcarrier symbols for the duration of one orthogonal fre-

quency division multiplexing symbol.

The method according to any one of the preceding claims,
wherein said reserved control —channel elements are

neighboring control channel elements.

An apparatus comprising:

a controller for reserving a subset of physical resources
of a communication channel for at least one control chan-
nel and for dividing said subset of physical resources

into control channel elements each consisting of a block

of resource element groups; and

a transmitter for using a predefined subset of said re-
source element groups for transmitting common reference
information for channel estimation at a receiver of said

communication channel;
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wherein said controller is adapted to reserve at least one
of said control channel elements for transmitting beam-
specific reference information in case beamforming is ap-

plied.

An apparatus comprising:

a controller for reserving a subset of physical resources
of a communication channel for at least one control chan-
nel, and for dividing said subset of physical resources

into control channel elements each consisting of a block

of resource element groups:;

a receiver adapted to use a predefined subset of said re-
source element groups for receiving common reference in-

formation for channel estimation; and

a detector for detecting a reservation information which
indicates at least one reserved control channel element of

sald control channel elements;

wherein said controller is adapted to control said re-
ceiver to receive beam-specific reference information via

sald at least one reserved control channel element.

The apparatus according to claim 8 or 9, wherein said
beam-specific reference information comprises at least one
dedicated terminal-specific reference or pilot symbol for

supporting said beamforming.

The apparatus according to any one of claims 8 to 10,
wherein said at least one control channel comprises a
physical downlink control channel for indicating uplink

and downlink data allocation.

The apparatus according to claim 11, wherein each of

said resource element groups consists of subcarrier sym-
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bols for the duration of one orthogonal frequency division

multiplexing symbol.

The apparatus according to any one of claims 8 to 12,
wherein said controller is adapted to reserve neighboring
control channel elements for said beam-specific reference

information.

The apparatus according to claim 8, wherein said appara-
tus is adapted to transmit a reservation information indi-
cating said reserved at least one control channel element

via a radio resource control signalling.

The apparatus according to claim 9, wherein said appara-
tus is adapted to receive said reservation information via

a radio resource control signalling.

A transmission system comprising at least one apparatus
according to claim 8 and at least one apparatus according

to claim 9.

A computer program product comprising code means for
producing the steps of method claim 1 or 2 when run on a

computer device.

A base station device comprising an apparatus according

to claim 8.

A terminal device comprising an apparatus according to

claim 9.
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