
NETWORK CODED DATACOMMUNICATION TECHNICAL FIELD The
present invention generally relates to data
communication in a communication system, and in
particular to network coded data communication .
BACKGROUND A main striving force in the development of
wireless and cellular communication networks and
systems is to provide, apart from many other aspects,
increased coverage or support of higher data rate, or
a combination of both. Further, the cost aspect of
building and maintaining the system has been of great
importance and is expected to become even more so in
the future. Until recently the main topology of
wireless communication systems has been fairly
unchanged, including the three existing generations of
cellular networks. The topology of existing wireless
communication systems is characterized by the cellular
architecture with the fixed radio base stations and
the mobile stations as the only transmitting and
receiving entities in the networks typically involved
in a communication session. One way to introduce
macro-diversity is to use relaying or distributed
systems, such as distributed antenna systems or
cooperative systems. A relaying system is a
conventional radio network that is complemented with
relay nodes. The relay nodes communicate wirelessly
with other network elements, e.g. base station,
another relay or a user terminal. A cooperative
relaying system is a relaying system where the
information sent to an intended destination is
conveyed through various routes and combined at the
destination. Each route can consist of one or more
hops utilizing the relay nodes. In addition, the
destination may receive the direct signal from the
source. 



The present-day communication networks, mentioned
above, share the same fundamental principle of
operation: the information or packet sent from
onesource to a destination is transported
independently from other information sent from another
source to the same destination. Routers, repeaters or
relays simply forward the data to the destination. In
contrast to those communication networks, network
coding is a new area of networking and data
communication, in which data is manipulated inside the
network to improve throughput, delay, and robustness.
In particular, network coding allows instead the nodes
to recombine several input packets into one or several
output packets. At the network coding node some linear
coding could be performed on the packets present at
the network coding node, and the resulting encoded
packet can be broadcasted for different recipients
simultaneously instead of transmitting each packet
separately. WO 2007/008123, WO 2007/008162 and WO
2007/008163 disclose the usage of network coding in
connection with a communication system utilizing
automatic repeat request (ARQ) and/or multihop
scheduling and forwarding. The network coding is based
on the capability of receiving nodes to overhear data
transmissions from a sending node and destined for
other receiving nodes. The information of the
overheard data is sent to a network coding node. The
network coding node uses the information when
selecting the data packets to combine by network
coding and when deciding to which receiving nodes such
a combined data packet should be sent. The
above-mentioned documents provide an improvement to
data communication in ARQ-based and multihop networks.
However, there is still a need to further improve data
communication in connection with network coding.
SUMMARY The present invention overcomes these and
other drawbacks of the prior art 



arrangements . It is a general object of the present
invention to provide a network coding based data
communication.It is another object of the invention to
provide an efficient data communication in a
communication system. These and other objects are met
by the invention as defined by the accompanying patent
claims. Briefly, the present invention involves data
communication in a communication system, and in
particular such data communication involving network
coding of data. The communication system of the
invention comprises N multiple source nodes, such as
user terminals, having data destined for a destination
node, such as a base station or another network node
of the communication system. The invention involves
selecting a subset of these N source nodes and
utilizing the data of the carefully selected source
nodes in the network coding. As a consequence, a group
of M multiple source nodes is selected among the N
source nodes. Furthermore, this number M is equal to
or larger than two but is smaller than the number TV .
The data from the selected M source nodes are network
coded by a relay node of the communication system to
form combined, network coded data. This coded data is
then transmitted by the relay node towards the
destination node, where decoding occurs. The
purposeful source node selection of the present
invention is preferably performed based on respective
communication quality parameters associated with the N
source nodes. A preferred such communication quality
parameter is the link quality for the communication
links between the source nodes and the relay node
and/or the destination node. A preferred
implementation performs the source node selection
based on optimization of a cost or objective function.
In such a case, the function 



input can be communication quality parameters and the
set of source nodes that optimizes the objective
function is selected. Information of the selected
source nodes is employed by the relay node for
providing the correct dataand network encode it into
the combined data destined for the destination node.
The invention also relates to a network coding control
system comprising an identifier provider for providing
identifiers of the TV multiple source nodes. A source
selector of the control system selects the group of M
source nodes among the N nodes, preferably based on at
least N communication quality parameters and more
preferably based on the optimization of an objective
function. An identifier forwarder of the control
system forwards the identifiers of the selected group
of M source nodes to the relay node network, which
codes, using the selected M identifiers, data from the
M source nodes to form network coded data to be
transmitted to the destination node. The purposeful
selection of source nodes of the present invention in
connection with network coding and data communication
significantly improves the system throughput by better
exploiting fluctuations and variations in the
communication qualities for the different source nodes
in the communication system. Furthermore, the outage
probability of the communication system becomes
reduced, thereby effectively leading to a more
efficient data communication. Other advantages offered
by the present invention will be appreciated upon
reading of the below description of the embodiments of
the invention. SHORT DESCRIPTION OF THE DRAWINGS The
invention together with further objects and advantages
thereof, may best be understood by making reference to
the following description taken together with the
accompanying drawings, in which: Fig. 1 is a flow
diagram illustrating a data communication method
according 



to an embodiment of the present invention;FIg. 2 is a
flow diagram illustrating an additional step of the
data communication method of Fig. 1; Fig. 3 is a flow
diagram illustrating an additional step of the data
communication method of Fig. 2 ; Fig. 4 is a flow
diagram illustrating an embodiment of the node group
selecting step of Fig. 1 in more detail; Fig. 5 is a
schematic overview of a portion of a communication
system, in which the present invention can be
implemented; Figs. 6A to 6C schematically illustrate
usage of link qualities from different communication
links according to different embodiments of the
invention; Fig. 7 is a schematic overview of a portion
of another communication system, in which the present
invention can be implemented; Fig. 8 is a schematic
block diagram of a network coding control system
according to an embodiment of the present invention;
Fig. 9 is a schematic block diagram of a relay node
according to an embodiment of the present invention;
Fig. 10 is a schematic block diagram of a relay node
according to another embodiment of the present
invention; and Fig. 11 is a schematic block diagram of
a destination node according to an embodiment of the
present invention. DETAILED DESCRIPTION Throughout the
drawings, the same reference characters will be used
for corresponding or similar elements.The present
invention generally relates to data communication in a
communication system or network, and in particular
such communication involving network coding. Network
coding is a new technique that in essence involves
jointly coding different information flows together in
the network. By this data combination at a network
node and the following transmission of 



the resulting combined data, throughput, delay and
robustness of the communication system can be
improved. Traditional network coding is applied to a
situation involving two transmitting nodes forwarding
data to a network encoding node that performs the
combination of the received data. The network coded
data is then forwarded, such as multicast or
broadcast, by the network node to one or more intended
receiving nodes. The present invention in clear
contrast is directed towards a selective and
purposeful grouping of the transmitting nodes in
connection with network coding. This means that the
transmitting nodes are dynamically grouped together to
form a basis for the data network coding. This dynamic
grouping takes advantage of fluctuations and changes
in the radio conditions of the system to thereby
dynamically update the node grouping in an optimal way
adapted to the current conditions. This will further
significantly improve the system throughput and
capacity even further as compared to a traditional
fixed-grouping network coding. Fig. 1 is a flow
diagram illustrating an embodiment of the data
communication method of the present invention. This
communication method is implementable in a
communication system or network comprising N multiple
source or transmitting nodes. These N nodes each has
data destined for a destination or receiving node in
the system. Thus, all of these source nodes contain
data that they would need to transmit to the
destination node through the communication system. The
method starts in the optional step Sl, where data from
at least a group of M multiple source nodes of the N
nodes transmit their respectivedestination-intended
data to a relay node of the communication system. This
relay node therefore constitutes a cooperative
relaying unit that forwards data received from a
source node towards an intended destination. This
forwarding can be a direct transmission of the data
from the relaying node to 



the destination node or a transmission involving
multiple hops, i.e. at least one further relay node,
in the transmission path from the relay node to the
destination node. According to the present invention,
a next step S2 selects a group of M multiple source
nodes among the N source nodes. In this case 2<M <N ,
in other words a subset of the N source nodes is
selected in step S2 to form a M -node group of at
least two source nodes. This selection of step S2 is
not a random selection but a purposeful and dynamic
selection that is preferably performed based on one or
more communication quality parameters as is further
described herein. Step S2 therefore involves
identifying a subset of those N nodes that all contain
data to be transmitted to one and the same destination
node. The relay node network encodes, in step S3, data
from the selected group of M source nodes to form
combined or network coded data. As a consequence, the
group selection of step S2 decides what data to
combine in the relay-based network coding. This is in
clear contrast to prior art techniques, such as
illustrated by the previously three cited
International patent applications. They disclose that
the data to combine in the form of network coding is
based on what data multiple destination or receiving
nodes have already received. The documents therefore
exploit data overhearing to reduce the amount of data
that has to be transmitted through the system and
thereby can obtain a throughput increase. The present
invention teaches an alternative throughput increasing
technique that can be used separate from or as a
complement to the prior art solution. Thus, the
dynamic selection of source node subset of the
invention allows exploitations in differing quality
parameters for the N source nodes tothereby take
advantage of such fluctuations and changes in the
dynamic node selection. 



The data network coding of step S3 can be performed
according to so-called digital network coding or
analog network coding. Analog network coding refers to
data coding at the signal level. This means that
analog network coding lets the analog signals add up
through simultaneous transmissions, i.e. by letting
two signals interfere with each other intentionally.
With the coding, i.e. signal addition, occurring at
the relay node, then based on the relay type different
approaches are possible, such as decode and forward
(relay node demodulates and decodes the signal prior
to re-encoding and retransmission) or amplify and
forward (the relay node simply amplifies and forwards
the received signals). In short, an analog network
coding scheme may consist of two transmission slots.
During the first time slot, the M source nodes
transmit data on the same band. During the second
slot, the relay node forwards the interfering signals
to the destination node. Therefore, the trade-off is
between the number of transmissions and the generated
interference. In clear contrast, digital network
coding refers to coding at the packet level, meaning
that the network coding node will perform an encoding
on the bits of the data packets received from the M
source nodes. In order to do so, the network coding
node needs to possess decoding capabilities, hence
digital network coding can be performed with decode
and forward relays. Digital network coding generally
tries to avoid interference between the source nodes
encoded together. Consequently, digital network coding
schemes typically require more transmission slots than
analog network coding to deliver information. Thus,
during the first slot, i.e. first phase, one of the
source nodes transmits its data packet. In a second
slot, a second source node transmits its packet to the
relay node and so on until all M nodes have sent their
data packets. During the next time phase, the network
coding 



node forwards the network coded packet in a slot. In
fine, digital networkcoding requires only M+l
transmissions in contrast to a classical relaying
system where 2M transmissions are required. The
digital network coding that can be used according to
the present invention is preferably a linear data
combining. Examples of such linear methods include
summation over a predetermined b-bit Galois field,
such as bitwise XOR-operations, and
modulus-operations. XOR bitwise encoding is a very
suitable encoding method because of its simiplicity.
Other codes may also be used, such as an erasure code
like Reed Solomon. With respect to the Reed Solomon
type of coding, the same operation as the XOR
operation between two data words is for instance
possible if one selects a shortened RS code with k =2
and with ncodewords. The non- systematic codeword n-k
=l is resent instead of the two bitwise XORed words.
Other erasure codes or erasure code oriented encodings
may instead be used in the network coding. Instead of
operating on single bits, segments of b bits may be
used for the network encoding. A Galois field of 2b
may then be used, under which addition is the encoding
operation. With this notation, the XOR operation is
just an addition in the Galois field of zl A further
example of an encoding operation suitable to use in
the network encoding is based on the modulus
operation. Per signal constellation symbol encoding is
considered in the following, and the procedure can be
repeated for multiple consecutive constellation
symbols. The modulus operation is in this example
performed both for the real and imaginary part
independently when handling complex numbers and
utilize a definition of the modulus operation and the
mathematical observation that: ((A +B)modL - B)modL
=(A)modLThus, a real valued signal B can be
superimposed on a real valued signal A and allow
undisturbed recovery of the signal A (as long as the
signal A does 



not exceed the quantization level L), while the
amplitude and hence the power is limited of the
(non-linearly encoded) composite (network coded)
signal. With reference anew to Fig. 1, the data
transmission of step Sl in which data from at least
the M source nodes selected in step S2 is transmitted
to the relay node can of course involve that data from
the remaining N-M nodes is also sent to the relay
node. Furthermore, the data transmission of step Sl
can be performed before the node selection of step S2
as illustrated in the figure. In alternative
embodiments, the data transmission is performed in
parallel with or following the node selection in step
S2. It is also anticipated by the invention that some
of the M source nodes may transmit data to the relay
node before the node group selection, some of M nodes
may transmit data during the selection and some may
forward data to the relay node following the selection
of step S2. The network coded data generated in step
S3, for instance based on any of the above-discussed
methods, is transmitted to or towards (in one or more
hops) to the destination node in step S4. The
destination node then processes, i.e. decode, the
combined data to obtain the individual data packets
and information from the M source nodes. The data
retrieval and decoding is preferably based on data
that the destination node previously has received or
will later receive from a subset of the M source
nodes. In general, if the composite network coded data
contains data from M sources, the destination node
need to have access to (individual) data from M-X of
the M source nodes. For instance, assume that M =3 and
the destination node previously has received a data
packet bx from a first source node, either directly
from the node or through the relay node. In this
example, the relay node performs a digital network
coding of 



the data packets b , b2 , b3 from the three selected
source nodes to get acombined packet bx(r)b2Qb (Q
corresponds to an XOR operation). In such a case, the
destination node can use the previously received data
packet b for partly decoding the network coded packet
and obtain a partly decoded packet bx(r)( ,Qb2 q b
)=b2(r)b . The destination node then has to await one
of the remaining data packets b2 or b3 in order to
obtain decoded versions of all three packets. This
awaiting can alternatively be replaced by a direct
request from the destination node of one of the
remaining packets from the relevant source node. The
method then ends. Fig. 2 is a flow diagram of a
preferred additional step of the data communication
method of the present invention. The step SlO involves
providing or estimating a respective communication
quality parameter associated with preferably each of
the N source nodes. In other words, step SlO
preferably involves estimating quality parameters
representative of a respective communication quality
associated with the source nodes. The estimation of
step SlO is preferably performed for each of the N
source nodes, giving at total of at least N quality
parameters. However, the present invention can also be
employed in connection with obtaining quality
parameters for a subset of the N source nodes, in
which fewer than N quality parameters are available.
Different such quality parameters that are measurable
or can at least be estimated by the source nodes, the
relay node, the destination node or another network
node of the communication system can be used according
to the present invention. Examples of such quality
parameters include delay parameters and data rate
parameters. Thus, a delay parameter can be
representative of the communication delay occurring
from the transmission time at the source node up to
the reception time at the relay or destination 



node of the sent data. A data rate parameter is
reflective of the current data rate, such as bit-rate,
achievable on the communication link between the
source node and the relay or destination node.A
preferred quality parameter that is particularly
useful according to the present invention, optionally
in combination with other parameters, such as delay
and/or data rate parameters, is a link quality
parameter. In such a case, such link quality
parameters are estimated in step SlO for the TV source
nodes. Signal to interference and noise ratio (SINR)
and signal to noise ratio (SNR) include two examples
of a link quality parameter that can advantageously be
used according the present invention. With reference
to Fig. 6A, a communication system 1 comprising =4
source nodes 10, 12, 14, 16, a relay node 20 and a
destination node 30 is schematically illustrated. Each
source node 10, 12, 14, 16 has in this example a
communication link or channel 40, 42, 44, 46
established with the destination node 30. At least
some of these links 40, 42, 44, 46 may currently
experience very low SINR or SNR so that a relay node
20 is instead employed for helping in the transmission
of data from the low quality experiencing node 16 to
the destination node 30. In such a case, the link
quality parameters employed according to the present
invention and estimated in step SlO can be respective
link parameters representative of the current quality
of the communications link 40, 42, 44, 46 between the
sources 10, 12, 14, 16 and the destination 30. As is
illustrated in the figure, a corresponding quality
parameter representative of the link quality for a
communication link 48 between the relay node 20 and
the destination 30 can advantageously also be
estimated and used in the invention. In this case, the
quality parameters can be estimated by the individual
source nodes 10, 12, 14, 16 and the relay node 20. The
quality estimates are then reported to the network
node that performs the source selection 



according to the present invention, such as the
destination node 30 (to be described further herein).
Alternatively, or in addition, the quality estimation
can be conducted by the destination node 30 having
links with all the sources 10, 12, 14, 16 and the
relay 20.Fig. 6B illustrates an alternative approach.
In clear contrast to Fig. 6A, quality parameters
representative of the dynamic quality of communication
links 41, 43, 45, 47 between the source nodes 10, 12,
14, 16 and the relay node 20 are estimated in step SlO
of Fig. 2. Also the relay-destination link quality can
be used together with the N source-relay quality
parameters. The parameter estimation is advantageously
performed by the relay node 20 or can be performed by
the source nodes 10, 12, 14, 16. The quality estimates
are then reported to the node selecting node, such as
the relay node 20. Fig. 6C is basically a combination
of the situations illustrated in Figs. 6A and 6B. This
embodiment provides a more complete picture of the
current link quality situation in the system 1. This
means that for each source node 10, 12, 14, 16 two
quality parameters are preferably estimated; one
representative of the quality for the
source-destination link 40, 42, 44, 46 and one
indicative of the quality of the source-relay link 41,
43, 45, 47. These in total IN link qualities are
advantageously complemented with the quality parameter
for the relay-destination link 48. The different
communication nodes involved in the present invention
traditionally has equipment for performing regular,
intermittent or upon request quality measurements with
those network nodes to which the nodes can
communicate. In order to have as a dynamic and
representative source selection as possible, a most
recent such quality parameter estimate is preferably
used for each relevant communication link according to
the present invention. Alternatively, multiple most
recent parameter estimates, 



such as in the form of an average link quality, could
be employed. The data communication method of the
present invention continues from step SlO of Fig. 2 to
step Sl or S2 of Fig. 1 (depending on whether
source-torelay transmission occurs before, during or
after node selection). The selection of the group of M
source nodes among the N source nodes in stepS2 is
then performed based on at least a portion, preferably
all, quality parameters estimated in step SlO of Fig.
2. In such a case, the purposeful source node group
selection of the invention is made dependent on the
estimated communication quality parameters and
preferably based on the respective source-destination
and/or source-relay link quality parameters. A
quality-based selection of the source subset of the
present invention can take advantage of and exploit
fluctuations and variations in the experienced
communication qualities, in particular link qualities,
for the different source nodes over time. This means
that at a given time and based on the quality
parameters at that time, a first "optimal" source node
group will be selected. However, at another time the
communication qualities for the individual source
nodes have changed, implying that a second, different
"optimal" source node is instead selected based on the
newly estimated quality parameters. This provides
dynamicity to the source node group selection of the
present invention. In a particular embodiment of the
present invention, the plural number M could be
predefined and fixed. In such a case, the selection
and preferably parameter-based selection of the
present invention comprises selecting which particular
source nodes among the N nodes that should be grouped
and handled together in the network coding. As a
consequence, M nodes are selected from S , S2,K , SN ,
where S J =IK N denotes a source node. A preferred
implementation of this embodiment is to have a fixed M
number of M =2 . This means that a pair of source
nodes is selected in step S2 of Fig. 1. 



An alternative embodiment of the present invention,
first selects or determines the plural number M ,
where M is equal to or larger than two but smaller
than the total number N of source nodes having data
destined for the same destination node. The number
selection is preferably based on the estimated quality
parameters but can also or instead be performed based
on other selection parameters. For instance, the a
priori information mentioned in the three
International patent applications, i.e. information
ofthe data packets from the source node that the
destination node already has received could be used in
the selection of M . Once the number M has been
selected in step S2 of Fig. 1, the M particular nodes
to include in the node group are selected, preferably
based on the estimated quality parameters, among the
TV available source nodes. In an embodiment, the
grouping of source nodes according to the present
invention is performed based on optimization or an
objective or cost function. This embodiment is
illustrated in the flow diagram of Fig. 3. The method
continues from the parameter estimating step SlO of
Fig. 2 . A next step S20 formulates and optimizes an
objective or cost function in order to select an
optimal source node group. Let j(p l ,p2,K ,pK) be the
objective function, which depends on some quality
parameter {p,}, i =lK K , where preferably K  N though
the invention can also be implemented with fewer input
parameters than the number of source nodes, i.e. K <N
. Let G be the set of all possible source node groups.
In such a case, the group selection of the present
invention aims at determining the best or optimal
source node group that satisfies J (G) : =argmax ) (1)
GeG where G' is the source node group of M nodes
satisfying the optimization criterion. 



The present invention can be used in connection with
multiple different objective functions in order to
optimize or achieve different system target goals. An
optimization criterion could therefore be the
minimization of transmission delays in the
communication system. Another example is the
maximization of the data rates for the source nodes in
the system. Further examples include minimization of
outage probability, maximization of the system
capacity and avoidance or minimization of
interference.The realization of the present invention
is illustrated below with a particular implementation
example using digital network coding and maximization
of the sum capacity of the communication system. Let T
= S1, S2,K, SN } be the set of all active source nodes
having data destined for a destination node in the
communication system. In this illustrative
implementation example, M = 2 , i.e. a pair of source
nodes is selected based on optimization of the
objective function. Let G= G1,G2,K ,GM > be the set of
all possible combinations of grouping two distinct
source nodes belong to the set T . Let G(m,n) = G,,,_l
={S,,,, Sn} denote one of the possible node pairs,
i.e. G(m,n)< G and n >m . Let r , r and TR be the SINR
at the destination node of the source nodes S1n , Sn
and the relay node R , respectively. Further, assume
that the source node with the highest SINR is decoded
first and followed by decoding the XORed signal
received from the relay node. Then the sum capacity is
given by C(G(m,n)) = Cm + Cn (2) C{G(m,n)) =log(l
+max(rm,r ))+log(l + R +min ,,T 11 )) (3) where C1n
and Cn is the capacity of source node S1n and Sn ,
respectively. The proposed example optimization
criterion is to maximize the sum 



capacity, i.e. select the source node pair G that
maximizes the capacity: G* = argmaxC{G{m,n)) (4 )
G{m,n)e GThe optimal node pair that maximizes the sum
capacity of the communication system can be selected
based on an exhaustive search N l among the i
different unique pairs of source nodes. However, also
nonexhaustive methods can be employed by, in advance,
omit one or more node pairs that are regarded as
highly unlikely to optimize the objective function. In
the above example, such an omission can be performed
by first investigating the individual SINR parameters
for the source nodes. If any node has an associated
SINR that is below a predefined threshold TSINR, that
node is omitted from the search. This will then reduce
the complexity of the optimization algorithm by
disregarding less likely optimal node groups. In the
following, a simple example is presented in order to
quantify the gain obtainable by employing the present
invention. Let T =[S1, S2, S , S4] be the set of
active source nodes in the communication system and G
b e the set of all the possible pair of source node
groups [M =2). In such a case, G contains 4-1 Ti = 1+
2+ 3= 6 different source node pairs G=[G1,G1,G3,G
,G5,G6 , where (=1 G1=[S1 S2 , G2 =[S S3 , G =[S1, S4]
, G =[S2 S3] , G5= [S2, S4] and G6 =[S3 S4] . Let
1=-10, T2 =5, 3 =-5 and T4 =15, where T is the SINR in
dB of the i"' source node S . Assuming that the SINR
from the relay node is TR = 10 dB , then the sum
capacity of the set G can be simply calculated by
using equation 3 above: C[G) = {5.53, 3.87, 8.50,
5.56, 8.85, 8.53} (5) The source node selecting
algorithm based on maximization of the sumcapacity 



will select, in this example, the node group G5
yielding a sum capacity of 8.85 b/s/Hz. Hence the
selected node group in this example will give a
maximum gain of almost 130 % as compared to the
"worst" case, i.e. group G2 , and a mean gain of 30 %.
The gain achieved by the presentinvention will become
even more pronounced for a real communication system
comprising more than N =A source nodes that want to
communicate with a same destination node, such as base
station of a cellular radio-based communication
system. Fig. 4 is a flow diagram schematically
summarizing the operation of the selecting step in
connection with optimization of an objective function.
The method continues from step SlO of Fig. 2. A next
step S30 selects a first candidate group or pair [M
=2) of nodes among the N source nodes. A next step S31
calculates, based on the quality parameters estimated
in step SlO of Fig. 2, the output of the objective
function, such as the sum capacity of the system
according to equation 3 above, for the selected node
group. A next step S32 investigates whether all
candidate groups have been tested. If not all groups
have been tested, the method returns to step S30 where
a new candidate node group is selected. As a
consequence, the loop of steps S30 to S32 is performed
once for each unique node group in the case of an
exhaustive search. However, as was mentioned in the
foregoing, sometimes the complexity of the
optimization procedure can be reduced by omitting
certain source nodes, for instance having SINR below
TSINR, having an experienced delay exceeding Tdeiay,
having a data rate below Trate, etc. The method
continues to step S33, where the objective function is
optimized. This function optimization preferably
involves identifying and selecting the candidate group
that optimizes the function output, such as maximizes
system capacity, minimizes delay, maximizes data
rates, etc. The method thereafter continues to step
S3, where data from the source nodes of the 



selected node group is network coded at the relay node
to form combined network coded data. The data
communication method of the present invention can be
implemented in any communication system employing
network coding. As a consequence, the invention can be
applied to both wired and wireless systems, where
wireless radio-based systems and networks will in
particularbenefit from the invention. For instance,
the invention can be applied to a peer-to-peer network
having diverse connectivity between the nodes in the
network, including unstructured and structured
peer-to-peer networks. Other network types that
benefit from the invention include multihop and ad hoc
networks. In these types of networks, the user
terminals or nodes are capable of operating as
routers, repeaters or relay nodes for other terminals
and nodes. Accordingly, data packets being sent from a
source node to a destination node are typically routed
through a number of intermediate nodes before reaching
the destination. An ad hoc network is typically
completely self-organizing in that the routing paths
are not predetermined in any way. Multihop networks on
the other hand may have some predetermined preferred
hopping scheme, implying that a multihop networks is
not necessarily an ad hoc network. A further example
of a communication system is a relaying system, which
is a conventional radio network complemented with
relay nodes. These relay nodes communicate wirelessly
with other network nodes, such as a base station,
another relay node or a user terminal. Fig. 5 is an
illustration of such a relaying communication system
1. The system 1 is based on a cellular approach, in
which a base station or fixed network node 30 provides
communication services in an associated communication
area or cell 35. As a consequence, user terminals 10,
12, 14, 16, preferably mobile user terminals, such as
mobile telephones, personal 



digital assistants or computers with wireless
communication facilities, present in the cell 35 may
wirelessly communicate with the base station 30. The
figure shows a relaying node 20 realized as a user
terminal. This should, however, merely be seen as an
illustrative example as other communication terminals
and nodes, including mobile or fixed network nodes can
operate as relay node 20 according to the invention.
Fig. 5 schematically illustrates the selection of a
group 15 of source nodes 12, 16 among the available
nodes 10, 12, 14, 16 present in the cell 35. Therelay
node 20 then performs network coding on data received
from these grouped nodes 12, 16 and forwards the
resulting combined data to the base station 30, which
is also the destination node for that data. Fig. 7
illustrates an example of a multihop or ad hoc system
1 having multiple network nodes 10, 12, 14, 16, 20,
30. In this example, four nodes 10, 12, 14, 16 are
regarded as source nodes according to the invention as
they have data to be transmitted to a destination node
30. A source node 20 performs network coding on
received data from a selected group 15 of the source
nodes 12, 16. The network coded data is then
forwarded, possibly in one or more hops, to the
intended destination node 30. Fig. 8 is a schematic
block diagram of a network coding control system 100
according to an embodiment of the present invention.
The control system or unit 100 comprises a general
input and output (I/O) unit 110 arranged for
conducting communication with external units and
nodes. The I/O unit 110 can be implemented in the form
of a transmitter with connected transmitting antenna
and a receiver with connected receiving antenna or a
transceiver with a combined transmitting/receiving
antenna. In such a case, the I/O unit 110 can
wirelessly communicate with other terminals and units
in the communication system. Another I/O unit
implementation is in the form of a non-antenna based
I/O unit capable of forwarding data to and receiving
data 



from other units arranged in a same network node as
the control system 100 and preferably wiredly
connected thereto. The I/O unit 110 is in particular
adapted for receiving information of the N source
nodes having data destined for a destination node and
among which a subset of M source nodes should be
selected by the control system 100. The I/O unit 110
is also arranged for communicating, to another unit
arranged in the same network node or some other
network coding node, information of the selected group
of M source nodes.The control system 100 comprises an
identifier provider 120 arranged connected to the I/O
unit 110. This provider 120 is adapted for providing
information or identifiers of the N source nodes. The
information provision is preferably performed by the
provider 120 in the form of retrieving N identifiers,
each being associated with one of the N source nodes.
The identifier retrieval by the identifier provider
120 is preferably performed based on and among data
received by the I/O unit 110 from another
nodeimplemented unit or an external network node. For
instance, a base station (destination node) contains a
list of currently active mobile terminals (source
nodes) communicating with the base station. Such a
list or at least some of the information contained
therein can then be forwarded to the I/O unit 110 and
used by the identifier provider 120 for providing the
N source node identifiers. A source selector 130 is
arranged in the control system 100 for selecting the
group of M source nodes among the N source nodes. The
selector 130 is, as is discussed further herein,
preferably arranged for performing a purposeful,
dynamic node group selection based on quality
parameters and more preferably based on the
optimization of an objective function. The I/O unit
110 then functions as an identifier forwarder and
forwards information or M identifiers of the group of
M source nodes selected by the 



source selector 130. These M identifiers are forwarded
from the control system 100 to the relay node that
conducts the actual network coding on data from the
source nodes. The relay node then utilizes the M
identifiers to identify what data to combine to form
network coded data to be transmitted to a destination
node. If the control system 100 is indeed implemented
in the relay node, the I/O unit 110 simply forwards
the M identifiers to the network coder or the data
retrieving unit that identifies the relevant data from
a data or receiver buffer. If the control system 100
instead is implemented in another network node than
the relay node, the I/O unit 110 preferably comprises
or is connectedto a transmitter/transceiver with
antenna equipment for transmitting the M identifiers
to the relay node. The network coding control system
100 preferably comprises a parameter provider 140
arranged for providing a respective communication
quality parameter associated with the N multiple
source nodes. The parameter provider 140 can be
arranged for retrieving such parameter data from
information received by the I/O unit 110 from an
external unit or node. In such a case, the
traditionally employed communication quality measuring
and estimating functionalities of user terminals and
base stations can perform the actual parameter
estimation. Information of the estimated parameters is
then forwarded to the I/O unit 110, allowing the
connected parameter provider 140 to retrieve the
parameter from the received information. In an
alternative approach, the parameter provider 140
itself comprises parameter estimating functionality
that determined the quality parameter based on
measurements performed by a connected quality
measuring unit. As was indicated in the foregoing, the
parameter provider 140 preferably provides link
quality parameters as quality parameters. The link
quality 



parameters are preferably representative of the
quality of the communication links indicated in Fig.
6A, 6B or 6C. The source selector 130 is then arranged
for selecting the group of M source nodes based on the
provided (link) quality parameters. In a preferred
implementation, the source selector 130 uses the link
quality parameters as input data of an objective
function that has a relevant system quality parameter
as output data, such as system sum capacity. In such a
case, the selector 130 selects the source node group
by optimizing the objective function comprising the
input quality parameters. In a typical implementation,
the source selector 130 investigates each candidate
group or pair of M source nodes among the N available
nodes. A respective quality parameter output is
calculated by a connected calculator 150 foreach
candidate group. The selector 130 thereafter selects
the candidate group that optimizes the objective
function, i.e. preferably resulting in largest or
smallest function output depending on the particular
quality parameter employed. The units 110 to 150 of
the network coding control system 100 can be
implemented in hardware, software or a combination of
hardware and software. The control system 100 is
advantageously implemented in the relay node and/or
destination node according to the present invention.
An alternative is to arrange the control system 100 in
a source node or a fixed or mobile network node of the
communication system. A distributed implementation is
also possible with some of the units 110 to 150 of the
network coding control system 100 arranged in
different nodes of the communication system. Fig. 9 is
a schematic block diagram of an embodiment of a relay
node 20 according to the present invention. The node
20 comprises a transmitter/receiver or transceiver 22
with connected antenna (system) for 



conducting communication with external nodes. The
receiver 22 is in particular arranged for receiving
data from source nodes, which data is intended to be
brought to a destination node. The transmitter 22 of
the relay node 20 transmits network coded data
generated based on the nodeoriginating data caught by
the receiver 22. The receiver 22 also receives
information or identifiers of the N source nodes,
either directly from the nodes, from the intended
destination node or some other (control) network node
in the communication system. These identifiers are fed
into the network coding control system 100 previously
described herein and implemented in the relay node 20
of this embodiment. The control system 100 performs
the node group selection of the invention and outputs
identifiers of the group of M source nodes selected.
These identifiers are forwarded to a network coder 24
provided in the relay node 20 for network coding the
data from the selected M source nodes. The datacoding
can be in the form of digital network coding or analog
network coding as previously discussed. In a preferred
embodiment, the relay node 20 comprises a data or
receiver buffer 26 temporarily storing data received
from other units, including the source nodes. In such
a case, the network coder 24 can operate on and (re-)
encode data stored therein. The resulting network
coded data is transmitted by the transmitter 22
towards the destination node, either directly or in
multiple hops utilizing other relay nodes in the
communication system. The units 22, 24 and 100 of the
relay node 20 can be implemented in hardware, software
or a combination of hardware and software. Fig. 10 is
an illustration of a schematic block diagram of
another relay node 20 according to the present
invention. In this case, the network coding control
system of the invention is implemented in another,
external nodes. 



As a consequence, M identifiers of the source nodes
selected by that control system is forwarded to the
relay node 20 and received by the receiver 22. The
identifiers are fed to the network coder 24, which
uses the identifiers for identifying what data to
combine through network coding. The operation of this
network coder 24 is similar to the embodiment
disclosed in Fig. 9 and is not further described
herein. The relay node 20 preferably comprises a data
buffer 26 as previously discussed for temporarily
storing the data received from the source nodes and
that is to be network encoded by the coder 24. The
final (digital or analog) network coded data is then
transmitted by the transmitter 22 to the destination
node as discussed in the foregoing. The units 22 and
24 of the relay node 20 can be implemented in
hardware, software or a combination of hardware and
software.The relay node of the present invention and
exemplified by the embodiments of Figs. 9 and 10 can
advantageously be a mobile wireless communication
terminal if operating in a wireless radio-based
communication system. As a consequence, the relay node
can then operate in a multihop or ad hoc system.
However, also stationary network nodes can operate as
relay nodes according to the present invention, then
communicating wirelessly or wiredly with other network
nodes, including the destination node. Fig. 11 is a
schematic illustration of a block diagram of a
destination node 30 according to the present
invention. The destination node comprises a
transmitter/receiver or transceiver 32 employed for
communicating with external units, including the relay
node and source nodes. The destination node 30
comprises a network coding control system 100
according to the present invention for selecting a
group of source nodes having data destined for the
destination node 30. The control system 100 receives
identifiers of these V source nodes from the receiver
32 or from some data store of the destination node 30.



In the former case, the destination node 30 can for
instance contain a list of active source nodes present
within its associated communication area (cell).
Alternatively, the destination node 30 can store
information of those source nodes present within
communication distance and which has previously sent
or tried to send data to the destination node 30. In
such a case, the destination node 30 can have
responded by returning acknowledgement (ACK) or
non-acknowledgement (NACK) messages, well-known in the
art. The destination node 30 can therefore store
information of those source nodes to which it has sent
such ACK/NACK messages during a preceding defined time
period. Alternatively, the receiver 32 provides the N
identifiers to the control system 100, where the
receiver 32 has received them from the source
nodesthemselves, the relay node or a control network
node in the communication system. The control system
100 outputs the M identifiers of the selected source
nodes. These identifiers are sent to the relay node by
the transmitter 32, where they are used for network
coding data. The receiver 32 also receives the
resulting network coded data from the relay node 32,
though possibly through multiple intermediate relay
nodes. The combined data is either temporarily stored
in a data buffer 36 until the destination node 30 has
enough data to correctly decode the network encoded
data. Alternatively, the data buffer 36 already
contains previously received data from a subset of the
selected M source nodes. In such a case, the decoder
34 can use this previously received data for decoding
the combined data. This data decoding can be performed
in one or multiple steps, depending on how many
individual data (packets) that was combined by the
relay node and how many individual data (packets) the
destination node 30 has received and will receive.
Generally, decoding combined data of 



M individual sources requires the usage of M-X data
(packets) from M-X sources. The M-X data is received
by the receiver 32 from the source nodes, possibly in
a multihop scenario and possibly in a network coded
form. For instance, assume that the destination node
previously has received a data packet bl directly from
a first source node. A relay node has also previously
network coded data from a second and a third source
node using the output from a network coding system of
the invention. The resulting combined data b2Qb has
also been received by the destination node. At a later
moment, a new network coded packet is generated by the
relay node based on the data packets from the first
and third source node. This combined data bl(r)b is
sent to the destination node 30. The decoder 34 can
then decode this last network coded data using the
previously received first data packet to obtain the
data from the third source node: b (r){b (r)b )=bi
.Thereafter the decoder 34 uses the decoded third data
packet b to decode the previously received combined
data b2Qb3 to finally also obtain the data b2 from the
second source node. The units 32, 34 and 100 of the
destination node 30 can be implemented in hardware,
software or a combination of hardware and software.
The destination node can advantageously be a network
node of the communication system, such as a stationary
base station of a wireless radiobased communication
system. However, in an alternative implementation, the
destination node is movable and can be a movable
wireless communication terminal, including a user
terminal. It is anticipated by the present invention
that the relay and destination nodes of Figs. 9 to 11
typically includes further units and functions
relating to the operation of these nodes. For
instance, the nodes can include quality measuring
units that estimate communication quality parameters,
including link quality parameters, on data links and
communication services that are 



currently active between the node and other nodes in
the communication system. These other units and
function are, however, well known to the person
skilled in the art and are not illustrated in the
drawings. It will be understood by a person skilled in
the art that various modifications and changes may be
made to the present invention without departure from
the scope thereof, which is defined by the appended
claims.CLMMS 1. A data communication method in a
communication system (1) comprising N multiple source
nodes (10, 12, 14, 16) each having data destined for a
destination node (30), said method comprising the
steps of: selecting a group (15) of M multiple source
nodes (12, 16) among said N multiple source nodes (10,
12, 14, 16), where 2M <N ; network coding, at a relay
node (20) of said communication system (1), data from
said group (15) of M multiple source nodes (12, 16) to
form network coded data; and transmitting said network
coded data from said relay node (20) to said
destination node (30). 2. The method according to
claim 1, further comprising transmitting said data
from said group (15) of M multiple source nodes (12,
16) to said relay node (20). 3. The method according
to claim 1 or 2, wherein said selecting step comprises
selecting said group (15) of M multiple source (12,
16) nodes based on a respective communication quality
parameter associated with said N multiple source nodes
(10, 12, 14, 16). 4. The method according to claim 3,
further comprising estimating, for each source node
(10, 12, 14, 16) of said N multiple source nodes (10,
12, 14, 16), a respective link quality parameter
associated with said source node (10, 12, 14, 16),
wherein said selecting step comprises selecting said
group (15) of M 



multiple source nodes (12, 16) based on said
respective link quality parameters. 5. The method
according to claim 4, wherein said estimating step
comprises estimating, for each source node (10, 12,
14, 16) of said N multiple source nodes (10, 12, 14,
16), a link quality parameter representative of a link
qualityof a communication link (40, 42, 44, 46)
between said source node (10, 12, 14, 16) and said
destination node (30). 6. The method according to
claim 4 or 5, wherein said estimating step comprises
the steps of: estimating, for each source node (10,
12, 14, 16) of said N multiple source nodes (10, 12,
14, 16), a link quality parameter representative of a
link quality of a communication link (41, 43, 45, 47)
between said source node (10, 12, 14, 16) and said
relay node (20); and estimating a link quality
parameter representative of a link quality of a
communication link (48) between said relay node (20)
and said destination node (30). 7. The method
according to any of the claims 3 to 6, wherein said
selecting step is performed based on optimization of
an objective function that comprises said respective
link quality parameters. 8. The method according to
claim 7, wherein said selecting step is performed
based on maximization of sum capacity of said
communication system (1). 9. The method according to
any of the claims 1 to 8, wherein said selecting step
comprises selecting a group (15) of two source nodes
(12, 16) among said N multiple source nodes (10, 12,
14, 16). 10. The method according to 9, wherein said
selecting step comprises the steps of: calculating,
for each pair S(m,n) of source nodes among said N 



multiple source nodes (10, 12, 14, 16), a sum capacity
C(s(m,n)) of said communication system (1) defined by:
C(S{m, n)) =log(l +max(r, ,r ))+log(l +TR +min ,G
))where Fn, is a communication quality parameter
associated with a first source node of said pair of
source nodes, Fn is a communication quality parameter
associated with a second source node of said pair of
source nodes and TR is a communication quality
parameter associated with said relay node (20); and
selecting the pair S of source nodes that maximizes
said sum capacity: S =argmaxC(s(m,n)) S(m,n)e S where
S is a set of all possible pairs of source nodes among
said N multiple source nodes (10, 12, 14, 16). 11. A
network coding control system (100) comprising: an
identifier provider (120) for providing N identifiers
of N multiple source nodes (10, 12, 14, 16), each
having data destined for a destination node (30) in a
communication system (1); a source selector (130) for
selecting a group (15) of M multiple source nodes (12,
16) among said N multiple source nodes (10, 12, 14,
16), where 2<M <N ; and an identifier forwarder (110)
for forwarding M identifiers of said group (15) of M
multiple source nodes (12, 16) to a relay node (20)
network coding, using said selected M identifiers,
data from said group (15) of M multiple source nodes
(12, 16) to form network coded data to be transmitted
to said destination node (30). 12. The system
according to claim 11, further comprising a parameter
provider (140) for providing a respective
communication quality parameter associated with said N
multiple source nodes (10, 12, 14, 16), wherein said 



source selector (130) is arranged for selecting said
group (15) of M multiple source nodes (12, 16) based
on said respective communication quality parameters.
13. The system according to claim 12, wherein said
parameter provider (140) is arranged for providing a
respective link quality parameter associated withsaid
TV multiple source nodes (10, 12, 14, 16), wherein
said source selector (130) is arranged for selecting
said group (15) of M multiple source nodes (12, 16)
based on said respective link quality parameters. 14.
The system according to claim 13, wherein said
parameter provider (140) is arranged for providing,
for each source node (10, 12, 14, 16) of said TV
multiple source nodes (10, 12, 14, 16), a link quality
parameter representative of a link quality of a
communication link (40, 42, 44, 46) between said
source node (10, 12, 14, 16) and said destination node
(30). 15. The system according to claim 13 or 14,
wherein said parameter provider (140) is arranged for
i) providing, for each source node (10, 12, 14, 16) of
said TV multiple source nodes (10, 12, 14, 16), a link
quality parameter representative of a link quality of
a communication link (41, 43, 45, 47) between said
source node (10, 12, 14, 16) and said relay node (20),
and ii) providing a link quality parameter
representative of a link quality of a communication
link (48) between said relay node (20) and said
destination node (30). 16. The system according to any
of the claims 12 to 15, wherein said source selector
(130) is arranged for selecting the group (15) of M
multiple source nodes (12, 16) that optimizes an
objective function that comprises said respective link
quality parameters. 17. The system according to claim
16, wherein said source selector (130) is arranged for
selecting the group (15) of M multiple source nodes
(12, 16) that maximizes a sum capacity of said
communication system (1). 



18. The system according to any of the claims 1 1 to
17, wherein said source selector (130) is arranged for
selecting a group (15) of two source nodes (12, 16)
among said TV multiple source nodes (10, 12, 14,
16).19. The system according to 18, further comprising
a calculator (150) for calculating, for each pair
S(m,n) of source nodes among said N multiple source
nodes (10, 12, 14, 16), a sum capacity C(s(m,n)) of
said communication system (1) defined by: C(S(m, n))
=log(l +max ,Tn))+log(l +TR +min(rm,i; )) where Tn is
a communication quality parameter associated with a
first source node of said pair of source nodes, Tn is
a communication quality parameter associated with a
second source node of said pair of source nodes and TR
is a communication quality parameter associated with
said relay node (20), wherein said source selector
(130) is arranged for selecting the pair S of source
nodes that maximizes said sum capacity: S"
=argmaxC(s(m,n)) S(m,")eS where S is a set of all
possible pairs of source nodes among said N multiple
source nodes (10, 12, 14, 16). 20. A relay node (20)
of a communication system (1), said relay node (20)
comprising: a network coding control system (100)
according to any of the claims 11 to 19 for providing
M identifiers of a group (15) of M multiple source
nodes (12, 16); a receiver (22) for receiving data
from said group (15) of M multiple source nodes (12,
16); a network coder (24) for network coding, using
said M identifiers, said data from said group (15) of
M multiple source nodes (12, 16) to form network coded
data; and 



a transmitter (22) for transmitting said network coded
data to a destination node (30) . 21. A relay node
(20) of a communication system (1), said relay node
(20) comprising: a receiver (22) for i) receiving M
identifiers of a group (15) of M multiple source nodes
(12, 16) among N multiple source nodes (10, 12, 14,16)
from a network coding control system (100) according
to any of the claims 1 1 to 19 and ) receiving data
from said group (15) of M multiple source nodes (12,
16), where 2M <N ; a network coder (24) for network
coding, using said M identifiers, said data from said
group (15) of M multiple source nodes (12, 16) to form
network coded data; and a transmitter (22) for
transmitting said network coded data to a destination
node (30). 22. The relay node according to claim 20 or
21, wherein said relay node (20) is a mobile wireless
communication terminal (20) of a wireless radio-based
communication system (1). 23. A destination node (30)
of a communication system (1), said destination node
(30) comprising: a network coding control system (100)
according to any of the claims 11 to 19 for providing
M identifiers of a group (15) of M multiple source
nodes (12, 16); a transmitter (32) for transmitting
said M identifiers to a relay node (20); a receiver
(32) for receiving, from said relay node (20), network
coded data generated by said relay node (20) based on
data from said group (15) of M multiple source nodes
(12, 16). 24. The destination node according to claim
23, wherein said receiver (32) is 



arranged for receiving, from M-I source nodes (12) of
said group (15) of M multiple source nodes (12, 16),
data used by said relay node (20) for generating said
network coded data. 25. The destination node according
to claim 24, further comprising a decoder (34) for
decoding said network coded data based on said data
received from said to form said M-X source nodes (12)
to form decoded data from said group (15) of M
multiple source nodes (12, 16).26. The destination
node according to any of the claims 23 to 25, wherein
said destination node (30) is a base station (30) of a
wireless radio-based communication system (1). 


