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(57) Abstract: A method, apparatus, and computer program for controlling relayed communications in a wireless communication
system are provided. Assignment of relay terminals to source terminals requesting for a relayed connection to a destination node is
carried out in a centralized manner on the basis of relay status information received from candidate relay terminals. The relay sta-
tus information received from a given candidate relay terminal indicates which source terminals the candidate relay terminal is ca-
pable of serving and in which radio communication resources. The assignment of a relay terminal-source terminal pair is carried
out with the primary criterion that radio communication resources available for a relayed connection of one or more terminal de-
vices, for which the assignment has not yet been carried out, are not pre-empted.
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Relayed Transmission in Communication System

Field

The invention relates to the field of radio telecommunications and,
particularly, to relayed transmissions in a radio telecommunication system.

Background

Next-generation wireless communication systems  support
significantly higher data rates than current systems. The need for high data
rates imposes power implications particularly in the uplink, wherein limited
battery power resources are used for the transmission. Therefore, it is
envisaged that the next-generation wireless communication systems utilize
relay-based multi-hop networks in the uplink, wherein a transmission of a given
user terminal (a source terminal) is relayed to a serving base station through
another user terminal (a relay terminal). Such a solution extends the radio
range of the user terminals and reduces the effects of shadowing, for example.

A problem related to the relayed transmissions is how to efficiently
allocate relay terminal(s) to the source terminals, i.e. how to perform the
source-relay pairing. Prior art studies have concentrated on examining
scenarios where a single terminal needs a relayed transmission. This is not a
practical approach, because in a real radio environment, a cell of the wireless
communication system may serve multiple user terminals in need of the
relayed transmission and multiple relay terminals providing relayed
connections.

Brief description

According to an aspect of the present invention, there is provided a
method as specified in claim 1.

According to another aspect of the present invention, there is
provided an apparatus as specified in claim 11.

According to another aspect of the present invention, there is
provided an apparatus as specified in claim 21.

According to yet another aspect of the present invention, there is
provided a computer program product embodied on a computer readable
distribution medium as specified in claim 22.

Embodiments of the invention are defined in the dependent claims.
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List of drawings

Embodiments of the present invention are described below, by way
of example only, with reference to the accompanying drawings, in which

Figure 1 illustrates relayed communication in a cell of a cellular
telecommunication system;

Figure 2 illustrates a generalized process for assigning relay
terminals to source terminals requesting a relayed connection;

Figure 3 illustrates the structure of an apparatus carrying out the
assignment process of Figure 2;

Figure 4 illustrates a relay utilization optimization procedure
according to an embodiment of the invention;

Figure 5 illustrates an embodiment of the optimization procedure
based on the process of Figure 4;

Figure 6 illustrates another embodiment of the optimization
procedure based on the process of Figure 4;

Figure 7 illustrates another embodiment of the relay utilization
optimization procedure; and

Figure 8 illustrates yet another embodiment of the relay utilization
optimization procedure.

Description of embodiments

Figure 1 illustrates a general concept of communications according
to embodiments of the invention, wherein relayed communication connections
are provided between a base station 100 and terminal devices in poor channel
conditions in a cell 102 where the base station 100 serves the terminal devices
with wireless communication connections. The relayed connections are
established via relay terminals having a good channel environment with both
the base station 100 and one or more terminal devices for which the relayed
connection is established. In Figure 1, solid lines indicate direct communication
connections with the base station 100, dashed lines indicate relayed
connections, and dotted lines indicate relayed connections that are not
established for a reason.

Referring to Figure 1, terminal devices 112, 116, and 120 are relay
terminals providing other terminal devices 110, 114, 122, 118 (referred to as
source terminals from now on) with a relayed communication connection to the
base station. The establishment of the relayed connection may start with the
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source terminal broadcasting a request for a relayed connection and a quality-
of-service (QoS) requirement for the connection. Candidate relay terminals
detecting the request then determine whether or not they are capable of
serving the source terminal by determining whether or not they are able to
meet the QoS requirement for the connection. If a given relay terminal is
capable of meeting the QoS requirement, the relay terminal may report to the
base station 100 the identity of the source terminal and information that it is
capable of providing the source terminal with the relayed connection. Then, the
base station may pair the source terminal with a relay terminal capable of
providing the relayed connection and configure the source terminal and the
selected relay terminal to establish the relayed connection.

Referring to Figure 1, the source terminals 110, 114, 122, 118 have
broadcasted the request for a relayed connection and the QoS requirements
for their connection requests. A first candidate relay terminal 112 detects the
requests broadcasted by the source terminals 110, 114, and 122. Upon
detecting the QoS requirements from the received requests, the first candidate
relay terminal 112 estimates its capabilities of providing the relayed
connections. The estimation may comprise estimation of channel state
information of a communication channel between the base station and the first
candidate relay terminal 112 and a communication channel between the first
candidate relay terminal 112 and each source terminal 110, 114, 122. From
the estimated channel state information, the first candidate relay terminal 112
may estimate its capacity to support the relayed connections. Then, the first
candidate relay terminal 112 sends capacity information to the base station
100 and receives assignment information indicating the source terminals to
which it should provide the relayed connection.

Similarly, a second candidate relay terminal 116 detects the request
broadcasted by the source terminals 122, 118 and sends its capacity
information to the base station. A third candidate relay terminal 120 also
detects the request broadcasted by the source terminal 118 and sends its
capacity information to the base station 100. In this case, source terminals 110
and 114 are assigned to the first candidate relay terminal 112 and the source
terminal 122 is assigned to the second candidate relay terminal 116. The first
candidate relay terminal 112 may have determined that it is not capable of
meeting the QoS requirement of the source terminal 122 or all source
terminals 110, 114, 122, and the base station may have decided to assign the
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source terminal 122 to the second candidate relay terminal 116. Neither the
second nor third candidate source terminal is able to provide the source
terminal 118 with the relayed connection, for example, because of a high QoS
requirement and/or poor channel conditions associated with the source
terminal 118.

As mentioned above, optimal assignment of the relay terminals for
the source terminals is a challenge, because inefficient assignment results in
inefficient utilization of the candidate relay terminals and outage of source
terminals. In the description, a candidate relay terminal refers to a relay
terminal before the assignment or pairing of the relay terminal and a source
terminal. According to an embodiment of the invention, the relay terminals are
assigned to source terminals with a primary criterion that a maximum number
of source terminals requesting the relayed connection is served. Figure 2
illustrates a flow diagram of a process for assigning relay terminals. The
process may be implemented in a centralized manner in a network element
controlling the relayed connections, for example the base station or a controller
of the base station. To be precise, the process may be executed in a control
unit of such a network element.

Referring to Figure 2, the process starts in block 200. In block 202,
the control unit receives relay status information from each candidate relay
terminal. The relay status information comprises identifiers of the source
terminals the relay terminal has detected requesting for a relayed connection
and radio communication resources available for the relayed connection with
each terminal device the candidate relay terminal device is capable of serving.

In block 204, the control unit assigns a relay terminal and radio
communication resources for each terminal device according to a criterion that
maximizes the number of terminal devices served with the relayed connection.
The criterion is satisfied so that a terminal device is primarily assigned with a
relay terminal and radio communication resources, wherein the assigned radio
communication resources do not pre-empt the radio communication resources
available for a relayed connection of one or more terminal devices, for which
the assignment has not yet been carried out. In an embodiment, a relay
terminal and radio resources are assigned to a given source terminal amongst
one or more candidate relay terminals indicating in the relay status information
that they are capable of serving the first terminal device. Then, a relay terminal
and radio communication resources are assigned to each subsequent source
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terminal from radio resources not yet assigned, wherein the assigned relay
terminal is associated with the non-assigned radio communication resources
and with the terminal device in the relay status information. This is carried out
by not pre-empting radio resources of another non-assigned source terminal,
unless it is the only option to assign a relay terminal and radio resource to the
source terminal.

In block 206, the control unit configures the assigned relay terminals
to establish a relayed connection with the source terminal(s) assigned to each
relay terminal. The establishment of the relayed connection may comprise
establishment of a device-to-device communication connection between the
relay terminal and a given source terminal and linking the device-to-device
connection to a connection between the relay terminal and the base station to
provide the relayed connection between the source terminal and the base
station through the relay terminal. The establishment of the device-to-device
connection also comprises negotiation of the radio resources allocated to the
device-to-device connection. The process ends in block 208.

Figure 3 illustrates the structure of an apparatus for carrying out the
method of Figure 2. The apparatus may be realized by a processing unit in the
network element controlling the relayed connections in a radio access network
of a mobile communication system. The processing unit may be implemented
by a digital signal processor executing the method under the instructions
contained in a computer program executed in the processor. Alternatively, the
processing unit may be realized by an application-specific integrated circuit.
Naturally, the steps of the process may be distributed to multiple processing
units withinin the apparatus.

The apparatus may comprise an interface 306 to enable a
communication connection with other elements of the network controller and
with terminal devices controlled by the network controller. The interface 306
may be understood as a physical interface transferring signals in and out of the
apparatus, but it may also be seen as an interface between computer program
processing modules. The apparatus according to this embodiment carries out
the assignment of relay terminals, so it may output, through the interface 306,
control information related to the assignment to another processing module
configured to process the control information for transmission to the terminal
devices. Similarly, the apparatus receives, through the interface 306, the relay
status information from the candidate relay terminals to facilitate the
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assignment. The relay status information is stored in a memory unit 304. The
memory unit may also store a computer program configuring the apparatus to
carry out the assignment process.

The apparatus further comprises a relay utilization optimizer 300
which carries out the assignment process, i.e. block 204 of Figure 2. The relay
utilization optimizer 300 receives the relay status information from the memory
unit 304 and executes the assignment optimization procedure with the relay
status information as parameters for the procedure. Embodiments of the
optimization procedure are described in more detail below. As a result of the
optimization procedure, the relay utilization optimizer obtains relay assignment
information indicating the selected relay terminals among the candidate relay
terminals and source terminals to be served by each selected relay terminal.

-The relay utilization optimizer outputs the relay assignment information to a

relay link controller 302.

The relay link controller 302 controls the execution of the
assignment with respect to the terminal devices. In practice, the relay link
controller 302 receives the assignment information from the relay utilization
optimizer 300 and configures the selected relay terminals to establish the
relayed connections to source terminals according to the assignment
information, i.e. carries out block 206 of Figure 2. With respect to a given
selected relay terminal, the relay link controller 302 communicates to the relay
terminal one or more source terminals the relay terminal is assigned to serve
and instructs the relay terminal to establish a relayed connection between the
source terminals and the base station currently communicating with the relay
terminal. The communication between the relay link controller 302 and the
relay terminal may be carried out through the base station.

Figures 4 to 8 disclose embodiments for carrying out the relay
optimization procedure of block 204 of Figure 2. Before describing the
optimization procedure in more detail, let us consider two embodiments of the
relay status information used as a parameter in the optimization procedure. As
mentioned above in connection with Figure 1, candidate relay terminals
monitor relay connection requests broadcasted by the source terminals in need
of a relayed connection and determine whether or not they are able to meet
the requested QoS requirements. Let us assume that a total of N; radio
resources, for example frequency bands, are available for Ng source nodes
and Ng candidate relay nodes. When determining its capability of meeting the
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QoS requirement requested by a source terminal, a candidate relay terminal
may determine channel status information (CSI) related to a radio channel
between the candidate relay terminal and the source terminal (hsrs) and a radio
channel between the candidate relay terminal and a destination node (the
base station) (hrer).

Accordingly, the candidate relay terminal may judge independently
for each source node whether it can meet the QoS requirements of the source
node and on which radio resources the QoS requirements are met. As criteria
for meeting the requirements on a given radio resource fn,, the candidate relay
node may estimate channel gain, signal-to-noise ratio (SNR), capacity, etc. of
the radio resource f,,. For example, if the candidate relay terminal operates in a
decode-and-forward mode, the candidate relay terminal R; may estimate
achievable capacity C for a given radio resource f,, and source node S; from

the CSI, i.e. from hgrs and hggs as:
2
| ]| )

C(i, j,m log(l + mln(pS {hSRfm

where ps; and pg; are the transmitting powers of the source node and the
candidate relay node, respectively. On the other hand, if the candidate relay
terminal uses amplify-and-forward relay mode, the candidate relay terminal
may estimate the achievable capacity as:

2 2
pSi ‘hSiR/lfm ‘ + pR_/ ‘hR]Bf;n l

> Pr,

C(i, j,m)=log| 1 + 2)

2
L+ pg, oy, 'hS,-R,-f,,, ’ ‘hR,Bf,,, ‘

Then, the candidate relay node may compare the estimated achievable
capacity with the QoS requirements of the source node and determine,
whether or not the achievable capacity is equal to or greater than the QoS
requirement. If it is either equal to or greater than the QoS requirement, the
candidate relay terminal determines that it is able to serve the source terminal
with the corresponding radio resource. Otherwise, the candidate relay terminal
determines that it is not able to serve the source terminal in the corresponding
radio resource. The same estimation may be carried out for all the radio
resources available to find out the radio resources with which the candidate
relay terminal is capable of serving the source terminals. This procedure may
be carried out for all source terminals whose relay connection request the
candidate relay terminal receives.
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Each candidate relay terminal reports to the serving base station (or
another network element carrying out the assignment of the relay terminals)
their relay status information comprising an indication which source terminals
each candidate relay terminal is capable of serving and with which radio
resources. Each candidate relay terminal may simply indicate with a simple
‘ves’ or ‘no’ for each pair of a radio resource and a source terminal which
pairings it can support. Alternatively, each candidate relay terminal may
provide an achievable capacity value for each pair of a radio resource and a
source terminal so the base station may know which pairings are the most
optimal for each candidate relay terminal. Tables 1 and 2 illustrate these two
embodiments of the relay status information.

With reference to Table 1, a first candidate relay terminal R
transmits to the base station the leftmost part of the relay status information,
i.e. the matrix below R4, a second candidate relay terminal the second leftmost
part of the matrix, etc. ‘1’ indicates that the candidate relay terminal is capable
of serving the source terminal on that row with a radio resource in that column.
‘0’ denotes that the candidate relay terminal is incapable of serving the source
terminal on that row with a radio resource in that column. For example, the
first candidate relay terminal is capable of meeting the QoS requirements of a
source terminal S, with radio resources f; and f,. The serving base station then
constructs an allocation matrix of Table 1 from the relay status information
received from the candidate relay terminals. The allocation matrix of Table 1 is
actually a three-dimensional matrix, wherein the dimensions are defined by the
source terminals S;, the candidate relay terminals R; and the radio resources
fr.

R1 Ra Rnr
flfh|h| T YA RARCRREAR fne b || fa fne
S (1]0/0]0 0O |1(1]0]0 0 11070 |0 0
S, (1]11010 0 ]1(1]0]0 0 0(0 (0|0 0
S |1]11010 0]0|0}0|0 0 1111010 0
Ss (1111111 001101 0 0100 |1 0
Sys 00100 ].../O0O O0O|O|O|1T|...]1T ] JO|1T]O|O|...]0

(Table 1)
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Table 2 below is similar in the sense that ‘0’ refers to incapability
of meeting the QoS requirements. However, each candidate relay terminal now
transmits achievable capacity for a given pair of source terminal and radio
resource it can serve, i.e. the QoS requirements it can meet. The achievable
capacity may be quantized to a specified word length. As an alternative to
transmitting the estimated achievable capacity, another channel quality
indicator may be used. In both embodiments, the relay status information may
also comprise information on a traffic type requested by each source terminal,
e.g. voice, streaming data, messaging, e-mail. The traffic type may be
indicated as QoS classes known in the art: conversational, streaming,
interactive, background. This may also be taken into account in the assignment
of relay terminals by assigning to a source terminal requesting a high priority
service, e.g. voice service, a relay terminal and radio resource having the
highest achievable capacity.

R R. Rnr
Ll B || | BB . | Fe|... || B |f|fa]. . |fn
Sy |c|0(0]|0}..]0 Jc|c|0O{0O}|..]0 |..Jc|0 O |O}|..|O
11 11 12 11
S, |[¢cjc|0|0}..]0 Jc|c|OfO }{..|0 |...]0 |0 |0 |O}..]|0
21 22 21 22
S; |¢c|c |00 0 [0]01]0]0 0 clcs|0 |0 0
K Tl |2
Ss |cicfclc|..|0 |0 |ciO0|cCii.. |0 010 |0 |c|..|0
41 42 43 44 42 4 44
Sns |0 [0 [0 {0 |...]0 JO|O |0 |Cn|.. |Cns OlcvfCn|0]...]0
s4 Nf 52 s3
(Table 2)

Let us now consider the embodiments of the relay optimization
procedure with reference to Figures 4 to 8. Figure 4 illustrates a relay
optimization procedure which optimizes the number of served source
terminals. The procedure may be carried out by the relay utilization optimizer
300 on the basis of relay status information received from the memory unit
304. The procedure starts in block 400. In block 402, the allocation matrix is
constructed from the received relay status information. The constructed
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allocation matrix may have the form of Table 1 or 2 depending on the
specifications of the system for reporting and processing the relay status
information.

Then, the source terminals are assigned to the candidate relay
terminals in a sequential order in blocks 404 and 406. In block 404, the
procedure checks the allocation matrix for radio resources that can be
allocated to only one source-relay terminal pair. Referring to Table 1, only
candidate relay terminal R is able to utilize radio resource f3, and it may use
that radio resource to provide source terminal S, with a relayed connection.
Accordingly, candidate relay terminal Ry is selected as a relay terminal to
provide source terminal S, with the relayed connection by using the radio
resource fs. Similarly, other radio resources are checked whether they can also
be used by a single source-relay pair. Thereby, it is ensured that these pairs
having exclusive possibility to use a certain radio resource are not allocated to
other radio resources that may be allocated to other pairs.

in block 406, a relay terminal is allocated to the rest of the source
terminals as possible. This is carried out by assigning a source-relay pair and
radio resource from the allocation matrix in such manner that the radio
resources of any other non-assigned source terminal is not pre-empted, unless
that is the only option. Multiple source terminals may be assigned to a single
relay terminal. When all the source terminals are assigned with a relay terminal
and radio resource, or when there are no radio resources (satisfying the QoS
requirement) to be allocated to non-assigned source terminal(s), the process
ends in block 408.

Figure 5 illustrates the embodiment of Figure 4 in more detail in a
case where the allocation matrix is in the form of Table 1. The process starts in
block 500. Block 402 is similar to that of Figure 4. In block 502, the procedure
checks the allocation matrix for rows with p non-zero elements. p is initialized
as 1. In other words, the procedure checks the allocation matrix for rows with
one non-zero element in the first iteration. The idea is to find source terminals
that can only be allocated to a singe radio resource. In block 504, it is checked
if the elements found in 502 are in the same column. If not, the process moves
to block 508, wherein it is determined that each source terminal associated
with the elements found in 502 may be assigned with a relay terminal. As a
consequence, each source terminal is assigned with the radio resource and
relay terminal associated with the found element.
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However, if the elements are in the same column in block 504, the
process moves to block 506, where it is determined that all the source
terminals cannot be served, and one of the rows is selected. As a
consequence, the source terminal of the selected row is assigned with the
radio resource and relay terminal associated with the found element of the
source terminal.

From blocks 506 and 508, the process proceeds to block 510,
where the indices of the selected elements, i.e. source-relay terminal pairs and
assigned radio resources, are memorized. Additionally, the columns of the
selected rows are nulled, because the corresponding source terminal has
already been assigned with a relay terminal. Moreover, columns of the
selected elements are also nulled, because that radio resource has already
been assigned.

In block 512, it is determined whether or not there is at most one
element left in each row. If yes, the remaining source-relay pairs and radio
resources may be allocated as in blocks 504 to 508, and the process ends in
block 516, because all the source terminals are assigned with a relay terminal.
If there are one or more rows with a higher number of elements than one, p is
incremented in block 514, and the process returns to block 502 to search for
rows with two non-zero elements. If at least part of the found non-zero
elements is in the same column, each row may keep a random non-zero
element from a different column such that no two rows keep the element in the
same column to avoid a collision in the radio resource. On the other hand, if
the elements are all in different columns, each row may keep one of the
elements, and the elements may be selected in such manner that radio
resources of a non-assigned source terminal are not pre-empted, unless
necessary. In this manner, the procedure assigns the radio resources and
relay terminals to the source terminals.

Figure 6 illustrates an embodiment in which the allocation matrix of
Table 2 is used. The procedure itself is very similar to that of Figure 5, and the
only difference is in the selection of the found elements. The process starts in
block 600, and blocks 402, 502, and 504 are the same as described above. In
the first iteration, if the elements are not in the same column in block 504, the
process moves to block 604, where each row may keep its element, as in
Figure 5. If the elements are in the same column in block 504, the process
moves to block 602, where a row having the highest value of the element (the
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best achievable capacity) keeps its element. This optimizes the capacity of the
system.

In further iterations, where k is higher than one, each row keeps its
biggest non-zero element in block 604. In block 602, a non-zero element is
selected for each row such that no rows have the element in the same column
and the sum of the selected non-zero element values is maximized. However,
it is primarily ensured that the radio resources of other non-assigned source
terminals are not pre-empted. In other words, the maximization of the sum is
secondary to that. The process ends in block 606.

Figure 7 illustrates another embodiment of the optimization
procedure. This embodiment maximizes the number of served source
terminals, but also minimizes the number of relay terminals. As a
consequence, relay terminals most suitable for relaying, e.g. laptops, and fixed
relays, are utilized for relaying to the extent possible, and other relay terminals,
e.g. mobile phones, can be used for other purposes. This also reduces the
signaling links related to the relaying and, as a consequence, the amount of
overall signaling, because relay configuration signaling related to multiple
source terminals may be bundled into one signaling link. Referring to Figure 7,
the process starts in block 700.

In block 702, the number of source terminals each candidate relay
terminal can serve is calculated. Before block 702, the allocation matrix has
been constructed from the received relay status information. The number of
source terminals each candidate relay terminal can serve may be calculated
from the amount of rows having at least one non-zero element in different
columns in the allocation matrix with respect to the candidate relay terminal in
question. In practice, the calculation of the number of servable source
terminals is determined by taking into account the radio resource allocation,
i.e. that no servable source terminal is assigned with the same radio resource
as another servable source terminal.

In block 704, a candidate relay terminal capable of serving the
highest number of source terminals is selected for assignment. In block 706,
the source terminals which the relay terminal selected in block 704 is capable
of serving are assigned to the selected relay terminal. Radio resources are
also allocated to the source terminals. Additionally, the assigned source
terminals are deleted from the allocation matrix, and the radio resources
already allocated to the source terminals are also disabled for all the remaining
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source/relay terminals so that the same radio resource will not be allocated to
two links.

Then, the process moves to block 708, where it is checks whether
or not there are source terminals and candidate relay terminals still
unassigned. If there are no source terminals unassigned, the process assumes
that all the relay requests have been handled, and the process ends in block
710. If there are no unassigned candidate relay terminals, the process
assumes that all the relay link capacity is already in use and no more relay
links can be assigned even if there were unassigned source terminals.
However, if there are unassigned source terminals and relay terminals, the
process returns to block 702, where the number of unassigned source
terminals each unassigned relay terminal can serve is calculated by taking into
account only the available (unassigned) radio resources. In this manner the
process continues, until all the source terminals and/or relay terminals are
assigned and the process ends in block 710.

Accordingly, the candidate relay terminals are assigned as relay
terminals in the descending order of the number of terminal devices each
candidate relay terminal is able to serve simultaneously until a maximum
number of terminal devices that can be served simultaneously by all candidate
relay terminals is reached. The process of Figure 7 may use either form of the
allocation matrix, i.e. that of Table 1 or 2. However, the use of the allocation
matrix of Table 1 results in less uplink signaling because of the short word
length for the indication service capability, i.e. the elements of the matrix.

Figure 8 illustrates another embodiment of the relay utilization
optimization process. The process starts in block 800. This process preferably
utilizes the allocation matrix of Table 2 to effectively optimize the capacity as
well as the number of served source terminals. The allocation matrix may be
constructed before proceeding to block 802. In block 802, all combinations of k
candidate relay terminals are processed so as to find out the maximum
number of servable source terminals. In this embodiment, k is initialized as 1.
In the first iteration, the candidate relay terminal capable of serving the highest
number of source terminals is selected. In this embodiment, the calculation of
the number of servable source terminals is determined by taking into account
the radio resource allocation, i.e. that no servable source terminal is assigned
with the same radio resource as another servable source terminal. In block
804, sub-matrices of the allocation matrix associated with the selected relay
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terminals are combined into one sub-matrix. In the first iteration, this step is
omitted, because only the sub-matrix of one relay terminal is in use. The sub-
matrix refers to a matrix constructed from the relay status information received
from the relay terminal(s) selected in block 802 (see Tables 1 and 2 for a sub-
matrix below each Ry, Ry, ... Rny). The combination of multiple sub-matrices is
described later in connection with the next iteration.

In block 806, it is determined whether or not the selected relay
terminal can serve all the source terminals. This is carried out by analyzing the
combined sub-matrix to find out if a radio resource can be allocated to each
source terminal, i.e. whether there is a non-zero element in different columns
of the combined sub-matrix for every source terminal. If the relay terminal can
serve every source terminal, the process proceeds to block 810 where the
source terminals and radio resources are assigned to the relay terminal, and
the process ends in block 814, because all the source terminals have been
allocated. If the relay terminal cannot serve all the source terminals, the
process moves from block 806 to block 808 where it is checked whether or not
k is at maximum. The maximum value for k is Ng, i.e. the total number of
candidate relay terminals. If k is at maximum, the process moves to block 810
where the source terminals that can be served by the selected relay terminal
are assigned to the relay terminal. If k is not at maximum, k is incremented in
block 812 and the process returns to block 802. Now, k is 2.

In the second iteration, all combinations of 2 candidate relay
terminals are processed to find out the maximum number of source terminals,
that two relay terminals can serve. The two candidate relay terminals that
together can serve the highest number of source terminals are selected. In
block 804, the sub-matrices of the selected relay terminals are combined into
one sub-matrix. The combination of the sub-matrices is carried out by selecting
for each element of the combined sub-matrix the corresponding element from
the two sub-matrices that has the highest value. In other words, the relay
terminal providing the highest achievable capacity for a given source terminal
and radio resource is selected for that pair of source terminal and radio
resource. Naturally, it is also memorized which of the selected relay terminals
occupies which element of the combined sub-matrix. The size of the combined
sub-matrix is naturally the same as the size of the sub-matrix of each relay
terminal, that is Sys rows and fys columns. The combination of the sub-matrices
is carried out so as to optimize the achievable capacity.
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In block 806, it is determined whether the selected relay terminals
can serve all the source terminals, and the process moves either to block 808
or 810 on the basis of the result. In block 810, the source terminals are
assigned to the relay terminals on the basis of the combined sub-matrix. In this
manner, the procedure continues until all the source terminals can be assigned
or the available relay terminals run out (k reaches its maximum value). As can
be seen, this process optimizes the number of served source terminals,
minimizes the number of relay terminals, and optimizes the achievable
capacity.

In the embodiment described above, k was initialized as 1.
However, k may be initialized as two, if it is determined that no single
candidate relay terminal can serve all the source terminals or a sufficient
number of source terminals. The sufficient number of source terminals may be
predetermined by setting a threshold number. Analogously, k may be initialized
as a higher number, if it is determined that no two (or three, four, etc.)
candidate relay terminals together can serve all or a sufficient number of
source terminals.

The processes or methods described in Figures 2 and 4 to 8 may
also be carried out in the form of a computer process defined by a computer
program. The computer program may be in source code form, object code
form, or in some intermediate form, and it may be stored in some sort of
carrier, which may be any entity or device capable of carrying the program.
Such carriers include a record medium, computer memory, read-only memory,
electrical carrier signal, telecommunications signal, and software distribution
package, for example. Depending on the processing power needed, the
computer program may be executed in a single electronic digital processing
unit or it may be distributed amongst a number of processing units.

The optimization procedure may be carried out in a mobile
telecommunication system for source and relay terminals located in a
geographically limited area, e.g. in a cell of the system. Basically, the present
invention is not dependent on the radio interface technology. Accordingly, the
present invention is applicable to current mobile communication systems, e.g.
UMTS (Universal Mobile Telecommunication System) or any of its evolution
versions and WIiMAX (Worldwide Interoperability for Microwave Access). The
present invention is also applicable to all types of duplexing scehemes, e.qg.
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time-division duplexing, frequency-division duplexing, and code division
duplexing.
It will be obvious to a person skilled in the art that, as technology
advances, the inventive concept can be implemented in various ways. The
5 invention and its embodiments are not limited to the examples described
above but may vary within the scope of the claims.
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Claims

1. A method for controlling relayed communications in a wireless
communication system, comprising:

receiving, from each of a plurality of candidate relay terminal
devices that are candidates for providing other terminal devices with a relayed
communication connection, relay status information identifying the terminal
devices and radio communication resources available for and associated with
each terminal device which the candidate relay terminal device is capable of
providing with the relayed communication connection; and

assigning a relay terminal and a radio communication resource to
each terminal device with a criterion that the number of terminal devices
served with the relayed connection is maximized, wherein a terminal device is
primarily assigned with a relay terminal and radio communication resources
that do not pre-empt radio communication resource available for a relayed
connection of one or more terminal devices, for which the assignment has not
yet been carried out.

2. The method of claim 1, further comprising: assigning, on the
basis of the received relay status information, the terminal devices with a
secondary criterion that the number of assigned relay terminals is minimized.

3. The method of claim 2, wherein the assignment further
comprises: assigning candidate relay terminals to serve the terminal devices
by selecting a determined number of relay terminals, checking whether or not
the selected relay terminals can serve all the terminal devices needing the
relayed connection, and incrementally increasing the number of relay terminals
until the maximum number of serviceable terminal devices is reached.

4. The method according to any one of claims 1 to 3, wherein the
assignment comprises:

assigning a relay terminal and a radio communication resource to a
first terminal device amongst one or more candidate relay terminals indicating
in the relay status information a capability to serve the first terminal device;

disabling the assigned radio communication resource from further
assignment; and

assigning a relay terminal and radio communication resources to
each subsequent terminal device from the radio communication resources not
yet assigned, wherein the assigned relay terminal is associated with the non-
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assigned radio communication resources and with the terminal device in the
relay status information.

5. The method according to any one of claims 1 to 3, wherein the
relay status information received from each candidate relay terminal indicates
the number of terminal devices each candidate relay terminal is able to serve
simultaneously, and wherein the assignment further comprises:

assigning terminal devices to the candidate relay terminals in a
descending order of the number of terminal devices each candidate relay
terminal is able to serve simultaneously until a maximum number of terminal
devices that can be served simultaneously by all candidate relay terminals is
reached.

6. The method of claim 5, wherein the assignment further
comprises:

assigning terminal devices and radio resources first to a candidate
relay terminal capable of serving the highest number of relay terminals;

disabling the availability of the radio communication resources
assigned to the first candidate relay terminal;

determining, on the basis of the remaining radio communication
resources and the received relay status information of the remaining candidate
relay terminals, a candidate relay terminal that is able to serve the highest
number of terminal devices;

assigning terminal devices and radio resources to the determined
candidate relay terminal;

disabling the availability of the radio communication resources
assigned to the determined candidate relay terminal; and

repeating the determination and subsequent assignment and
disabling until the maximum number of terminal devices that can be served
simultaneously by all candidate relay terminals is reached or there are no more
unassigned candidate relay terminals.

7. The method according to any one of claims 1 to 3, wherein the
assignment further comprises:

selecting incrementally a number of candidate relay terminals and
determining the number of terminal devices which the selected number of
candidate relay terminals are able to server;

selecting a higher number of candidate relay terminals and carrying
out the determination of the number of serviceable terminal devices, if the
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determined number of serviceable terminal devices is lower than a predefined
threshold; and

assigning the selected candidate relay terminals to the terminal
devices to enable the relayed communications, if the determined number of
serviceable terminal devices is higher than a predefined threshold.

8. The method according to any one of claims 1 to 7, wherein the
relay status information received from a given candidate relay terminal and
comprising the radio communication resources available for and associated
with each terminal device indicates for each radio communication resource
whether or not the candidate relay terminal is able to serve the terminal device
in that radio communication resource.

9. The method according to any one of claims 1 to 8, wherein the
relay status information indicates an estimated channel quality indicator for at
least those radio communication resources, in which the candidate relay
terminal is able to serve the terminal device.

10. The method of claim 9, further comprising: assigning a radio
communication resource primarily to the relay terminal that indicates the best
channel quality for the radio communication resource.

11. An apparatus for controlling relayed communications in a
wireless communication system, comprising:

a controller configured to receive, from each of a plurality of
candidate relay terminal devices that are candidates for providing other
terminal devices with a relayed communication connection, relay status
information identifying the terminal devices and radio communication
resources available for and associated with each terminal device which the
candidate relay terminal device is capable of providing with the relayed
communication connection, and to

assign a relay terminal and a radio communication resource to each
terminal device with a criterion that the number of terminal devices served with
the relayed connection is maximized, wherein a terminal device is primarily
assigned with a relay terminal and radio communication resources that do not
pre-empt the radio communication resource available for a relayed connection
of one or more terminal devices, for which the assignment has not yet been
carried out.

12. The apparatus of claim 11, wherein the controller is further
configured to assign, on the basis of the received relay status information, the
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terminal devices with a secondary criterion that the number of assigned relay
terminals is minimized.

13. The apparatus of claim 12, wherein the controller is further
configured to assign the candidate relay terminals to serve the terminal
devices by selecting a determined number of relay terminals, check whether or
not the selected relay terminals can serve all the terminal devices needing the
relayed connection, and incrementally increase the number of relay terminals
until the maximum number of serviceable terminal devices is reached.

14. The apparatus according to any one of claims 11 to 13, wherein
the controller is further configured to assign a relay terminal and a radio
communication resource to a first terminal device amongst one or more
candidate relay terminals indicating in the relay status information a capability
to serve the first terminal device, to disable the assigned radio communication
resource from further assignment, and to assign a relay terminal and radio
communication resources to each subsequent terminal device from the radio
communication resources not yet assigned, wherein the assigned relay
terminal is associated with the non-assigned radio communication resources
and with the terminal device in the relay status information.

15. The apparatus according to any one of claims 11 to 13, wherein
the relay status information received from each candidate relay terminal
indicates a number of terminal devices which each candidate relay terminal is
able to serve simultaneously, and wherein the controller is further configured to
assign terminal devices to the candidate relay terminals in a descending order
of the number of terminal devices which each candidate relay terminal is able
to serve simultaneously until a maximum number of terminal devices that can
be served simultaneously by all candidate relay terminals is reached.

16. The apparatus of claim 15, wherein the controller is further
configured to assign terminal devices and radio resources first to a candidate
relay terminal capable of serving the highest number of relay terminals, to
disable the availability of the radio communication resources assigned to the
first candidate relay terminal, to determine, on the basis of the remaining radio
communication resources and the received relay status information of the
remaining candidate relay terminals, a candidate relay terminal that is able to
serve the highest number of terminal devices, to assign terminal devices and
radio resources to the determined candidate relay terminal, to disable the
availability of the radio communication resources assigned to the determined
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candidate relay terminal, and to repeat the determination and subsequent
assignment and disabling until the maximum number of terminal devices that
can be served simultaneously by all candidate relay terminals is reached or
there are no more unassigned candidate relay terminals.

17. The apparatus according to any one of claims 11 to 13, wherein
the controller is further configured to select incrementally a number of
candidate relay terminals and to determine the number of terminal devices that
the selected number of candidate relay terminals are able to server, to select a
higher number of candidate relay terminals and to carry out the determination
of the number of serviceable terminal devices, if the determined number of
serviceable terminal devices is lower than a predefined threshold, and to
assign the selected candidate relay terminals to the terminal devices to enable
the relayed communications, if the determined number of serviceable terminal
devices is higher than a predefined threshold.

18. The apparatus according to any one of claims 11 to 17, wherein
the relay status information received from a given candidate relay terminal and
comprising the radio communication resources available for and associated
with each terminal device indicates for each radio communication resource
whether or not the candidate relay terminal is able to serve the terminal device
in that radio communication resource.

19. The apparatus according to any one of claims 11 to 18, wherein
the relay status information indicates an estimated channel quality indicator for
at least those radio communication resources in which the candidate relay
terminal is able to serve the terminal device.

20. The apparatus of claim 19, the controller is further configured to
assign a radio communication resource primarily to the relay terminal that
indicates the best channel quality for the radio communication resource.

21. An apparatus for controlling relayed communications in a
wireless communication system, comprising:

means for receiving, from each of a plurality of candidate relay
terminal devices that are candidates for providing other terminal devices with a
relayed communication connection, relay status information identifying the
terminal devices and radio communication resources available for and
associated with each terminal device that the candidate relay terminal device is
capable of providing with the relayed communication connection; and
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means for assigning a relay terminal and a radio communication
resource to each terminal device with a criterion that the number of terminal
devices served with the relayed connection is maximized, wherein a terminal
device is primarily assigned with a relay terminal and radio communication
resources that do not pre-empt the radio communication resource available for
a relayed connection of one or more terminal devices, for which the
assignment has not yet been carried out.

22. A computer program product embodied on a distribution medium
readable by a computer and comprising program instructions which, when
loaded into an apparatus, execute the method according to any preceding
claim 1 to 10.



WO 2010/051828

1/4

Fig 1

200 START

PCT/EP2008/064909

202 RECEIVE RELAY STATUS INFORMAT

ION FROM CANDIDATE RELAY TERMINALS

4

204 ASSIGN RELAY TERMINALS TO TERMINAL DEVICES REQUESTING FOR RELAYED CONNECTION

206 CONFIGURE ASSIGNED RELAY TERMINALS TO ESTABLISH LINK RELAYING

208 END

Fig 2
300 304
N N o
RELAY UTILIZATION MEMORY
OPTIMIZER | RELAY LINK CONTROLLER UNIT
306
S

Fig 3 |

/0




WO 2010/051828 PCT/EP2008/064909

2/4

400 START

402 CONSTRUCT ALLOCATION MATRIX FROM RECEIVED RELAY STATUS INFORMATION

4

404 ASSIGN TERMINAL(S) ASSOCIATED WITH RESOURCE NOT ASSOCIATED WITH ANOTHER TERMINAL(S)

406 ASSIGN REMAINING TERMINAL(S) SO THAT NUMBER OF ASSIGNED TERMINALS IS MAXIMIZED

408 END F|g 4
500 START

402 CONSTRUCT ALLOCATION MATRIX FROM RECEIVED RELAY STATUS INFORMATION

v

> 502 SEARCH ROWS WITH p NON-ZERO ELEMENTS

504 IN SAME COLUMN?

506 SELECT ROW 508 EACH ROW KEEPS ITS ELEMENT

510 MEMORIZE INDICES AND NULL THESE COLUMNS
OF REMAINING ROWS & COLUMNS OF SELECTED ROWS

y

512 ONE ELEMENT AT MOST IN EACH ROW?

514 INCREMENT .
"I Fig5



WO 2010/051828 PCT/EP2008/064909

4
600 START

402 CONSTRUCT ALLOCATION MATRIX FROM RECEIVED RELAY STATUS INFORMATION

v

502 SEARCH ROWS WITH p NON-ZERO ELEMENTS

504 IN SAME COLUMN?
A 4

602 SELECT ROW WITH HIGHEST VALUE 604 EACH ROW KEEPS ITS HIGHEST ELEMENT

510 MEMORIZE INDICES AND NULL THESE COLUMNS
OF REMAINING ROWS & COLUMNS OF SELECTED ROWS

y

512 ONE ELEMENT AT MOST IN EACH ROW?

606 END

514 INCREMENT p Fig 6

700 START

702 CALCULATE NUMBER OF TERMINALS EACH CANDIDATE CAN SERVE

704 SELECT CANDIDATE CAPABLE OF SERVING HIGHEST NUMBER OF TERMINALS

A

706 ASSIGN TERMINALS TO SELECTED CANDIDATE AND DISABLE ALLOCATED ELEMENTS

YES

708 TERMINALS&CANDIDATES UNASSIGNED

Fig 7



WO 2010/051828 PCT/EP2008/064909

4/4

800 START

A

| 802 PROCESS ALL COMBINATIONS OF k CANDIDATES TO
FIND OUT MAXIMUM NUMBER OF SERVICEABLE TERMINALS

804 COMBINE SUB-MATRICES OF k SELECTED CANDIDATES INTO ONE SUB-MATRIX

806 EVERY TERMINAL SERVICEABLE?

NO

YES

812 INCREMENT k

808 k AT MAXIMUM?

YES
810 ASSIGN TERMINALS TO RELAY TERMINALS

814 END

Fig 8




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2008/064909

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO04W40/22 H04W88/04
ADD. HO04L12/56

H04W48/20

According o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, whetre practical, search terms used)

EPO~Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WO 2006/138122 A (INTERDIGITAL TECH CORP - 1-22
[UST; ROY VINCENT [CAI)

28 December 2006 (2006-12-28)
paragraphs [0016], [0017]
paragraph [0026] - paragraph [0035]
figures 1-4

I:I Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents : ;

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disciosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

e

"y

wyr

g

later document published after the .international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
gn?;]ﬂs, ﬁuch combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

10 July 2009

Date of mailing of the intemational search report

21/07/2009

Ngme and mailing address of the 1SA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Engmann, Steffen

Form PCT/iSA/210 (second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2008/064909
Patent document Publication Patent family Publication
cited in search report . date member(s) date
WO 2006138122 A 28-12-2006 AU 2006259698 Al 28-12-2006
CA 2611285 Al 28-12-2006
EP 1891752 A2 27-02-2008
JP 2008547266 T 25-12-2008
KR 20080025070 A 19-03-2008
KR 20080020700 A 05-03-2008
Us 2007010271 Al 11-01-2007

Form PCT/ISA/210 (patent family annex) {April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

