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Method for multicasting a plurality of data packets to a plurality of receivers

FIELD OF THE INVENTION
The invention relates to a method for multicasting a plurality of data packets to a plurality

of receivers in a cell of a cellular communications system.

BACKGROUND

Recent developments in 3GPP standardization relate to Long Term Evolution (LTE) and
Long Term Evolution Advanced (LTE Advanced) telecommunications networks and devices. LTE and
LTE Advanced, also known as the 4G (i.e. fourth generation) mobile communications standard, is a
standard for wireless communication of high-speed data for mobile phones and data terminals. Itis a
successor of GSM/EDGE (also known as 2G or 2.5G) and UMTS/HSPA (also known as 3G) network
technologies, increasing the capacity and speed using a different radio interface together with evolutions
and improvements in the radio access network and the core network.

Single-Cell Point-to-Multipoint Transmission (SC-PTM) is a transmission technique cur-
rently under development in 3GPP standardization. The main idea in SC-PTM is that in some situations it
is beneficial to be able to multicast the data packets in one cell from one base station to multiple receivers
that are connected to a cell of the base station. Examples of such a situation include multicasting a spe-
cific software update to receivers in the cell, group voice call among mobile phones in the cell, sharing
video or data files amongst a group of receivers in the cell, etc.

Some proposals in 3GPP standardization specify that, in SC-PTM scenarios, the UEs re-
ceiving and having received the multicast data packets may provide feedback to the base station. One
such proposal is 3GPP TSG-RAN WG2 #89bis, R2-151395, titled “Comparison of Unicast and SC-PTM
on radio efficiency”. The proposed feedback may involve channel state information that may be used by
the base station to adapt the modulation and coding scheme (MCS) of the transmitted multicast data
packets. Furthermore, the UE feedback may involve positive acknowledgements (ACKs) and negative
acknowledgements (NACKs) relating to the successful respectively unsuccessful receipt of the data
packets from the multicast by each of the receivers in the cell. The base station retransmits the data
packets to the particular receivers for which NACKs have been received as feedback as a unicast. Such

data packets being transmitted after the multicast data packets may be referred to as repair data packets.

One way to reduce the amount of repair data packets is to initially send redundant data
from the base station to the receivers in the cell, based on which a receiver can calculate a missing data
packet if needed, which may dismiss the need for resending the missing packet.

US 6,278,716 discloses a method for multicasting blocks of data to a plurality of receiv-
ers, the blocks including a first block and a second block, the first block comprising k1=1 data packets,
the transmission of the first block comprising an initial transmission of the k1 data packets and h1=0 re-
pair packets and one or more subsequent transmissions of additional repair packets in response to repair

requests. Any k1 of the data packets and repair packets provide sufficient information to recover the k1



10

15

20

25

30

35

WO 2017/103044 2 PCT/EP2016/081340

data packets. A second block is multicast comprising k221 data packets, the transmission of the second
block comprising an initial transmission of the k2 data packets and h2=0 repair packets, wherein any k2
of the data packets and the repair packets of the second block provide sufficient information to recover
the k2 data packets of the second block. Either or both k2 and h2 differ from k1 and h1, respectively. The
number h2 of repair packets may be calculated based on a history of repair requests received for previ-
ously transmitted blocks.

A disadvantage of this method is that the execution may require a large amount of com-
putational resources. Hence, it is an object of the present disclosure to describe a computationally less

complex multicast transmission method.

SUMMARY

To that end, in one aspect, the present disclosure presents a method for multicasting a
plurality of original data packets to a plurality of receivers in a cell of a cellular communications system,
the method comprising the steps in the cellular communications system of:

multicasting a set of original data packets and a single network coded data packet to the
plurality of receivers in the cell,

wherein the set of original data packets consists of a number of original data packets of
the plurality of original data packets,

wherein the number of original data packets in the set of original data packets is depend-
ent on a multicast data packet loss probability for transmitting data packets to one or more of the plurality
of receivers in the cell, and

wherein the single network coded data packet is a linear combination of two or more orig-
inal data packets in the set of original data packets.

Another aspect of the disclosure pertains to a transmission node in a communications
system, e.g. a base station, defining a cell of a cellular communications system, the transmission node
being configured to multicast a plurality of original data packets to a plurality of receivers in the cell, the
transmission node comprising:

a processor configured for defining a set of original data packets and a single network
coded data packet to be multicast to the plurality of receivers in the cell,

a transmitter configured for multicasting the set of original data packets and the single
network coded data packet to the plurality of receivers in the cell;

wherein the set of original data packets consists of a number of original data packets of
the plurality of original data packets,

wherein the number of original data packets in the set of original data packets is depend-
ent on a multicast data packet loss probability for transmitting data packets to one or more of the plurality
of receivers in the cell, and

wherein the single network coded data packet is a linear combination of two or more orig-

inal data packets in the set of original data packets.
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It should be noted that multiple sets of original data packets should normally be transmit-
ted to provide the complete data to the receivers, such that a set of original data packets amounts to a
subset of the complete data. One single network coded data packet may be added to the multicast for
each subset of the complete data to be provided to the receivers.

The applicant has realized that sending more than one network coded data packet to-
gether with a set of original data packets tremendously increases the computational complexity. Each
additional network coded data packet needs to be calculated separately and signalling is required to
specify the linear combinations of the network coded data packets. Furthermore, the receipt of multiple
network coded data packets requires the receiver to perform many computations to recover the original
data packets.

In the disclosed method only one single network coded data packet is multicast with the
set of original data packets to the plurality of receivers in the cell, thereby reducing the computational load
on resources in both the base station and the receivers. The original data packets are not network coded
and may be multicast in an unacknowledged mode.

The disclosed method and transmission node provide multicast flexibility in the sense that
the set of original data packets can be adapted to different data packet loss probabilities. This flexibility is
achieved by e.g. determining the number of original data packets in the set of original data packets in
dependence on the data packet loss probability. The set size, i.e. the number of original data packets, is
selected such that all original data packets can be obtained at the plurality of receivers with a certain
probability (either with or without needing the network coded data packet that was multicast with the origi-
nal data packets) from the multicast without requiring repair packets to be transmitted. Whereas the
network coded data packet is data packet that is sent proactively, the repair packet (if necessary) is sent
in response to an indication from a receiver to obtain data packets missing from the set.

If, for example, the multicast data packet loss probability in the cell is relatively high, the
set of original data packets may comprise relatively few original data packets in order to maintain a cer-
tain probability that the receivers can decode all data packets from the set of original data packets without
requiring repair packets. In the opposite case wherein multicast data packet loss probability in the cell is
relatively low, the set of original data packets may comprise relatively many original data packets in order
to achieve high and efficient transmission rates and a certain probability that repair packets are not re-
quired. Note that in both of the above examples one single network coded data packet is multicast
together with the set of original data packets, yielding a relatively low computational burden.

Accordingly, the disclosed proposal results in enabling a transmission node to optimally
balance the amount of downlink unicast traffic (repair packets) and the resources spent in the multicast
downlink direction.

The multicast data loss probability in the cell can be derived from the individual data loss
probability at the multicast receivers defined as the ratio between the number of incorrect multicast pack-
ets and the total number of multicast packets received at a particular receiver served in the given cell.
This ratio can be evaluated for the individual multicast receivers e.g. within a particular time interval, from

the beginning of the multicast session, after receiving a certain total number of multicast packets etc.
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Then, from these individual data loss probabilities per multicast receiver the overall cell multicast data
loss probability can be derived as e.g. the worst case multicast data loss probability among all of the mul-
ticast receivers in the given cell, or an average of the multicast receivers in the given cell, or as percentile
from the individual multicast data loss probabilities. Note that the individual multicast data loss probabili-
ties per multicast receiver in the cell can be calculated at the multicast transmitter side (e.g. based on the
received NACKs and ACKs or requests for repair packets at the end of the multi-cast data session) or
calculated at the individual multicast receivers and reported back to the multicast transmitter.

It should be noted that the multicast data packet loss probability may also comprise a
measure or estimate linked to the multicast data packet loss.

The multicast transmitter may provide the size of the multicast data set via signalling in-
formation on the multicast control channels in the cell.

The network coded data packet may be generated at the transmission node (e.g. a base
station) or in an entity in or connected to the telecommunications network.

A network coded data packet is understood here to be a coded data packet containing a
combination of (parts of) the original data packets from which an original data packet can be resolved at
the receiver. Hereinafter, a specific example of a network coded data packet will be discussed, but it
should be appreciated that other forms of coded data packets (e.g. Reed-Solomon coded data packets)
may be applied.

It should be noted that the network coded data packet is a linear combination of at least
two or more (parts of) original data packets of the set of original data packets. This may be particularly
advantageous in situations wherein not every original data packet in the set of original data packets must
be received by the receivers. In an example, it could be that the set of original data packets consists of
ten original data packets and that at least the first two original data packets must be received by the re-
ceiver. The network coded data packet then only needs to be a linear combination of the first two data
packets. Unequal error protection, wherein only some original data packets are protected, may be benefi-
cial for certain applications, e.g. multiresolution video.

Network coding comprises making a linear combination of (at least the payload of) two or
more data packets (e.g. via a bit-wise XOR operation of the two or more data packets), resulting in a net-
work coded data packet. A single network-coded data packet thus represents a single linear combination
of the two or more data packets. Note that different linear combinations, and thus different network coded
data packets, may be made from a same set of two or more data packets. Also, a linear combination of
the two or more data packets of a given (same) size may result in a network-coded data packet of that
given size. Overhead information (e.g. overhead bits) may additionally be included to indicate or signal
the linear combination made in producing the network coded data packet.

In general, a network coded packet C can be expressed as a linear combination of two or

more original data packets P:

C=aPi+aP,+asPs. .
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Network coded data packets C are different if the linear combinations are different, i.e. if either the coding
coefficients are different or the involved data packets P are different. Preferably, the vectors of coding
coefficients of two or more network coded data packets C are linearly independent. This facilitates re-
solving the original data packets P from the network coded data packets C at e.g. a receiver.

By applying network decoding on a sufficient number of different network coded data
packets C, the data packets P comprised in the linear combinations represented in the network coded
data packets may be resolved.

In this disclosure, a data packet may comprise any block (e.g. an integer number of bits
or bytes) of payload data. A data packet typically also has additional overhead (bits or bytes), e.g. header
and/or trailer bits, for the purpose of transporting the payload data. Examples of overhead comprise an
indication of the data packet (e.g. a packet sequence number) and/or payload destination, of a (logical)
channel, of a data packet and/or a payload length and/or an error check (e.g. CRC). A data packet in this
disclosure thus comprises e.g. an Internet Protocol (IPv4, IPv6) datagram, possibly with additional over-
head such as GTP overhead for tunnelling the IP packet through part of the telecommunications network
(e.g. from a gateway (S-GW) to a base station (eNB)), an RLC PDU and a Transport Block as e.g. used
on a wireless (radio) connection between a base station (eNB) and a user device (UE).

Performing network coding on two or more data packets is to be understood as perform-
ing network coding on at least the payload data in each of the two or more data packets, and not
necessarily on overhead bits or bytes in these data packets.

In one embodiment, the network coded data packet is a linear combination of the data
packets in the set of original data packets, such as a bitwise XOR combination of each of the bits of each
of the data packets. The network coded data packet enables a receiver to calculate any missing original
data packet from the set as long as it is the only missing data packet in the set of original data packets.
This embodiment is advantageous in situations wherein each data packet in the set of original data pack-
ets must be properly received by the receiver.

In one embodiment, the method and the transmission node are arranged for determining
the number of original data packets in the set of original data packets in a base station (e.g. an eNodeB)
of the cellular communications system based on the multicast data packet loss probability. The embodi-
ment provides an advantageous location for flexibly determining the data loss probability in the cell and
the number of original data packets in the set that depends on the determined multicast data loss proba-
bility.

In one embodiment the method and the transmission node are arranged for multicasting
the network coded data packet using a modulation and coding rate lower than the modulation and coding
rate used for multicasting the original data packets of the set. It should be appreciated that the modulation
and coding rate may be dependent on the multicast data packet loss probability. This embodiment is ad-
vantageous because it enables increasing the probability of successful reception of the network coded
data packet at the receivers, without decreasing the transmission efficiency and transmission rate of the

original data packets. When the network coded data packet is successfully received, any single missing
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original data packet can be resolved, provided that original data packet was used in the generation of the
network coded data packet.

In one embodiment the method and transmission node are arranged for receiving infor-
mation from one or more receivers of the plurality of receivers and dynamically determining the multicast
data packet loss probability for at least one set of original data packets to be multicast to the plurality of
receivers on the basis of the received information. The embodiment is advantageous because it allows for
dynamically determining the number of original data packets in the at least one set of original data pack-
ets to be multicast, such that the need for repair packets is minimized. The embodiment enables that a
set of original data packets always has an optimal number of original data packets given a current mul-
ticast data packet loss probability.

In one embodiment the information from the one or more receivers relates to at least one
of (a) information received from the one or more receivers resulting from multicasting data packets of a
previous set of original data packets and (b) information received from the one or more receivers resulting
from other connections of the one or more receivers with a base station defining the cell. The information
received from the one or more receivers resulting from multicasting data packets of a previous set of orig-
inal data packets may comprise indications for missing original data packets of the previous set. If a high
number of missing data packets in the previous set of original data packets was detected, the base sta-
tion may determine that the multicast data loss probability in the cell has increased and that,
consequently, the number of original data packets in the next set should be reduced to reduce the num-
ber of or even avoid repair packets for this next set. Information of the receivers relating to other
connections in the cell existing in parallel to the multicast may also be used to determine the multicast
data packet loss probability.

In the latter case wherein the receiver has active unicast sessions in parallel with the mul-
ticast, this unicast session can be used for deriving the multicast data loss probability as follows. First, for
the active unicast data session one or more of the following information can be obtained: (i) the data loss
probability can be measured from e.g. received ACKs and/or NACKs messages regarding the reception
of unicast data, (ii) The unicast radio conditions can be measured in terms of e.g. received signal level,
interference level, SINR, path-loss, etc. and (iii) the properties of the unicast transmission mode between
the transmitter and the receiver such as e.g. transmit power, modulation and coding scheme, MIMO
transmission mode etc. can be determined. Second, the multicast session will most likely have different
transmission properties than the unicast transmission properties as under iii). However, based on off-line
experiments, simulations, etc. a translation table can be made regarding the offset in the data loss proba-
bility between a given multicast and a given unicast transmission mode for a range of radio conditions as
in ii) above. Finally, the multicast data loss probability for the given receiver can be derived by applying
the pre-defined offset (e.g. from the off-line translation tables) to the measured unicast data loss probabil-
ity as in i) above and based on the unicast radio conditions as measured in ii) above by either assuming
that the same radio conditions apply or correcting the radio connection based on the knowledge of the

radio conditions of the multicast connection.



10

15

20

25

30

35

WO 2017/103044 7 PCT/EP2016/081340

In one disclosed embodiment, the method and the transmission node are arranged for
receiving information comprising k-1 indications for k missing original data packets of the set of original
data packets at a receiver of the plurality of receivers after multicasting the original data packets and the
single network coded data packet to the plurality of receivers. As a result of proactively transmitting the
network coded data packet with the multicast, negative acknowledgments occur less frequently since,
from the network coded data packet, an arbitrary original data packet can be derived (if the network cod-
ed data packet is defined as a combination of all original data packets from the set and the repair packets
relating to the k-1 indications are received by the receiver).

In one disclosed embodiment, the method and the transmission node are arranged for
transmitting to the receiver of the plurality of receivers:

- k-1 original data packets corresponding to the missing k data packets in the set of original
data packets, wherein the k-1 indications contain information regarding the missing original data
packets;

- k-1 network coded data packets.

The embodiment facilitates obtaining the missing original data packets if, despite defining the set size in
dependence of the multicast data packet loss probability, original data packets are still missing at receiv-
er. In that case, the k-1 indications may comprise information from which the transmission node may
derive which original data packets are missing and then transmit (e.g. unicast) repair packets associated
with the k-1 indications to the receiver from which the indication(s) are obtained. Another option is that
the transmission node transmits one or more network coded data packets as repair packets, containing
linear combinations of all original data packets of the set, to the receiver, thereby avoiding the need for
the transmission node to know which original data packets are missing from the multicast set. Advanta-
geously, the network coded data packet(s) that are transmitted as repair packets comprise linear
combination(s) of the original data packets different from the combination used for the single network
coded data packet that was proactively sent with the set of original data packets.

One particularly advantageous embodiment comprises multicasting the network coded
data packet(s) that are sent as repair packets. In that case, each receiver can resolve an arbitrary original
missing data packet from the repair packet such that the transmitter does not need to know exactly which
receiver misses which data packet.

As will be appreciated by one skilled in the art, aspects of the present invention may be
embodied as a system, method or computer program product. Accordingly, aspects of the present inven-
tion may take the form of an entirely hardware embodiment, a software embodiment (including firmware,
resident software, micro-code, etc.) or an embodiment combining software and hardware aspects that
may all generally be referred to herein as a "circuit,” "module"” or "system". Functions described in this
disclosure may be implemented as an algorithm executed by a microprocessor of a computer. Further-
more, aspects of the present invention may take the form of a computer program product embodied in
one or more computer readable medium(s) having computer readable program code embodied, e.g.,

stored, thereon.
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Any combination of one or more computer readable medium(s) may be utilized. The
computer readable medium may be a computer readable signal medium or a computer readable storage
medium. A computer readable storage medium may be, for example, but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, or device, or any suita-
ble combination of the foregoing. More specific examples (a non-exhaustive list) of the computer readable
storage medium would include the following: an electrical connection having one or more wires, a porta-
ble computer diskette, a hard disk, a solid-state drive, a random access memory (RAM), a non-volatile
memory device, a read-only memory (ROM), an erasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combination of the foregoing. In the context of this
disclosure, a computer readable storage medium may be any tangible medium that can contain, or store
a program for use by or in connection with an instruction execution system, apparatus, or device.

A computer readable signal medium may include a propagated data signal with computer
readable program code embodied therein, for example, in baseband or as part of a carrier wave. Such a
propagated signal may take any of a variety of forms, including, but not limited to, electro-magnetic, opti-
cal, or any suitable combination thereof. A computer readable signal medium may be any computer
readable medium that is not a computer readable storage medium and that can communicate, propagate,
or transport a program for use by or in connection with an instruction execution system, apparatus, or
device.

Program code embodied on a computer readable medium may be transmitted using any
appropriate medium, including but not limited to wireless (using electromagnetic and/or optical radiation),
wired, optical fiber, cable, etc., or any suitable combination of the foregoing. Computer program code for
carrying out operations for aspects of the present invention may be written in any combination of one or
more programming languages, including an object oriented programming language such as Java(TM),
Smalltalk, C++ or the like and conventional procedural programming languages, such as the "C" pro-
gramming language or similar programming languages. The program code may execute entirely on a
user's computer, partly on the user's computer, as a stand-alone software package, partly on the user's
computer and partly on a remote computer, or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user's computer through any type of network,
including a local area network (LAN) or a wide area network (WAN), or the connection may be made to
an external computer (for example, through the Internet using an Internet Service Provider).

Aspects of the present invention are described below with reference to flowchart illustra-
tions and/or block diagrams of methods, apparatus (systems), and computer program products according
to embodiments of the invention. It will be understood that each block of the flowchart illustrations and/or
block diagrams, and combinations of blocks in the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These computer program instructions may be provided
to a processor, in particular a microprocessor or central processing unit (CPU), of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to produce a

machine, such that the instructions, which execute via the processor of the computer, other programma-
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ble data processing apparatus, or other devices create means for implementing the functions/acts speci-
fied in the flowchart and/or block diagram block or blocks.

These computer program instructions may also be stored in a computer readable medium
that can direct a computer, other programmable data processing apparatus, or other devices to function
in a particular manner, such that the instructions stored in the computer readable medium produce an
article of manufacture including instructions which implement the function/act specified in the flowchart
and/or block diagram block or blocks.

The computer program instructions may also be loaded onto a computer, other program-
mable data processing apparatus, or other devices to cause a series of operational steps to be performed
on the computer, other programmable apparatus or other devices to produce a computer implemented
process such that the instructions which execute on the computer or other programmable apparatus pro-
vide processes for implementing the functions/acts specified in the flowchart and/or block diagram block
or blocks.

The flowchart and block diagrams in the figures illustrate the architecture, functionality,
and operation of possible implementations of systems, methods and computer program products accord-
ing to various embodiments of the present invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of code, which comprises one or more executable
instructions for implementing the specified logical function(s). It should also be noted that, in some alter-
native implementations, the functions noted in the blocks may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in fact, be executed substantially concurrently, or the
functions noted in the blocks may sometimes be executed in the reverse order, depending upon the func-
tionality involved. It will also be noted that each block of the block diagrams and/or flowchart illustrations,
and combinations of blocks in the block diagrams and/or flowchart illustrations, can be implemented by
special purpose hardware-based systems that perform the specified functions or acts, or combinations of
special purpose hardware and computer instructions.

It is noted that the invention relates to all possible combinations of features recited in the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the invention will be explained in greater detail by reference to exemplary em-
bodiments shown in the drawings, in which:

FIG. 1 is a schematic illustration of three generations of telecommunications networks;

FIG. 2 is a schematic illustration of a transmission node defining a cell for a plurality of
receivers according to a disclosed embodiment;

FIG. 3 is a flow chart indicating some steps taken at the transmission node of FIG. 2 ac-
cording to a disclosed embodiment;

FIG. 4 is a schematic time line of a multicast of a set of original data packets and a net-

work coded data packet and the receipt thereof by a receiver according to disclosed embodiment;
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FIGS. 5 and 6 are time diagrams indicating a sequence of steps for multicasting multiple
sets of original data packets;
Fig. 7 is a schematic block diagram of a general system (e.g. a base station or a receiv-

er) to be employed in the disclosed multicasting method.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic illustration of a cellular telecommunications system 1. The tel-
ecommunications system 1 comprises a cellular radio access network system (also indicated as E-
UTRAN or (UT)RAN in FIG. 1) and a core network system containing various elements or nodes as de-
scribed in further detail below.

In the telecommunications system of FIG. 1, three generations of networks are schemati-
cally depicted together for purposes of brevity. A more detailed description of the architecture and
overview can be found in 3GPP Technical Specification TS 23.002 ‘Network Architecture’ which is includ-
ed in the present application by reference in its entirety.

The lower branch of FIG. 1 represents a GSM/GPRS or UMTS network.

For a GSM/GPRS network, a radio access network (RAN) system comprises a plurality
of transmission nodes, including base stations (combination of a BSC and a BTS), not shown individually
in FIG. 1. The core network system comprises a Gateway GPRS Support Node (GGSN), a Serving
GPRS Support Node (SGSN, for GPRS) or Mobile Switching Centre (MSC, for GSM, not shown in FIG.
1) and a Home Location Register (HLR). The HLR contains subscription information for receivers 2, e.g.
mobile stations MS.

For a UMTS radio access network (UTRAN), the radio access network system also com-
prises a Radio Network Controller (RNC) connected to a plurality of base stations (NodeBs), also not
shown individually in FIG. 1. In the core network system, the GGSN and the SGSN/MSC are connected
to the HLR that contains subscription information of the receivers 2, e.g. user equipment UE.

The upper branch of the telecommunications system in FIG. 1 represents a next genera-
tion network, commonly indicated as Long Term Evolution (LTE) system or Evolved Packet System
(EPS).

The radio access network system, indicated as E-UTRAN, comprises transmission nodes
(evolved NodeBs, eNodeBs or eNBs), not shown individually in FIG. 1, providing cellular wireless access
for a receiver 2, e.g. a user equipment UE. The core network system comprises a PDN Gateway (P-GW)
and a Serving Gateway (S-GW). The E-UTRAN of the EPS is connected to the S-GW via a packet net-
work. The S-GW is connected to a Home Subscriber Server HSS and a Mobility Management Entity MME
for signalling purposes. The HSS includes a subscription profile repository SPR for receivers 2.

For GPRS, UMTS and LTE systems, the core network system is generally connected to a
further packet network 3, e.g. the internet.

Further information of the general architecture of a EPS network can be found in 3GPP
Technical Specification TS 23.401 ‘GPRS enhancements for Evolved Universal Terrestrial Radio Access

Network (E-UTRAN) access’.
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FIG. 2 is a schematic illustration of a transmission node 20, e.g. a base station, in a tele-
communications network 1 as depicted in FIG. 1. The base station 20 comprises a computer system and
a transmitter/receiver. Details of the base station are shown in FIG. 7.

The base station 20 defines a plurality of cells C. Three user equipment devices UE1,
UEZ2 and UES3 are shown in a cell 21.

Telecommunications network 1 may have data for the UEs. Base station 20 provides the
data to the UEs using Single Cell Point To Multipoint Transmission (SC-PTM). The data may relate to
various types of services, e.g. voice, video or file transfer. SC-PTM provides the data packets to the UEs
using multicast transmission. The multicast transmission is shown by the arrows from the base station 20
to UE1, UE2 and UE3. It should be appreciated that cell 21 may contain more UEs and that base station
20 may perform the same or a different SC-PTM in other cells.

FIG. 3 depicts a flow chart showing steps in telecommunications network 1 of a method
for multicasting a plurality of data packets to a plurality of receivers (e.g. UE1, UE2 and UE3), using SC-
PTM. In one embodiment, one or more of the steps are performed by the base station 2 of FIG. 2.

Step S30 pertains to determining a multicast data packet loss probability in the cell 21
containing UE1, UE2 and UE3. The estimate is a measure that relates to the amount of data packets that
are not received correctly by the UEs in a multicast transmission. The multicast data packet loss probabil-
ity is preferably a dynamically determined measure to account for varying conditions in the cell. The
estimate may be obtained from direct feedback regarding (in)correctly received data packets from the
multicast transmission and/or information received via other connections of UE1, UE2 and UE3 with the
base station in the cell 21. These connections preferably exist in parallel to the multicast transmission
disclosed herein such that the received information enables a sufficiently accurate determination of the
multicast data packet loss probability.

As will be discussed in further detail below, the multicast method entails transmitting the
complete data (a plurality of data packets) in sets of data packets. The information used to enable the
base station 20 to dynamically determine the multicast data packet loss probability may be obtained from
error messages that have been received for a set of original data packets multicast prior to the current
set. This is shown in step S34. For example, the number of NACK messages received from the plurality
of user equipment devices UE1, UE2, UE3 may be a measure of the multicast data packet loss probabil-
ity.

In step S31, a set S of original data packets P is defined, wherein the number of original
data packets P in the set S is selected in dependence of the multicast data packet loss probability deter-
mined in step S30. The set S contains at least two data packets P.

In step $32, a network coded data packet C is generated based on at least two of the
original data packets P of the set S. The network coded data packet C is a linear combination of the at
least two data packets P, and amounts to e.g. a bitwise XOR combination of each of the bits of the origi-
nal data packets P. Other types of coded packets, such as Reed-Solomon coded data packets, may also

be applied.
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In step S33, the set of original data packets P and the single network coded data packet
C are multicast to UE1, UE2 and UE3 in the cell 21. The network coded data packet C is transmitted pro-
actively with the original data packets P of the set S. A UE having received all but one original data
packet from the set S may resolve the missing original data packet P using the network coded data pack-
et C and the correctly received original data packets P. The missing original data packet may be an
arbitrary data packet P of the set S if the network coded data packet C is a linear combination of original
data packets P including the missing original data packet P.

It will be appreciated that, assuming that the multicast data packet loss probability has
been determined sufficiently accurate for the current multicast, the probability that more than one original
data packet P of the set S will not be received should be reasonably small. If, for example, the multicast
data packet loss probability in the cell 21 is relatively high, the set S of data packets may comprise rela-
tively few original data packets P to maintain a certain probability that the user equipment devices UE1,
UE2, UE3 can decode all data packets from the set S of data packets. In the opposite case wherein mul-
ticast data packet loss probability in the cell 21 is relatively low, the set S may comprise relatively many
original data packets P to achieve high and efficient transmission rates while still achieving high probabil-
ity that all original data packets P of the set S can be obtained at the user equipment devices UE1, UE2,
UE3. Note that in both of the above examples one single network coded data packet C is multicast to-
gether with the set of original data packets P, yielding a relatively low computational burden.

Chances that the single network coded data packet C can be correctly decoded by the
user equipment devices UE1, UE2 and UE3 should be optimized. To that end, base station 20 may
transmit the network coded data packet C in a more robust manner than the original data packets P of the
set S of data packets. In particular, the base station 20 may select a modulation and coding scheme
MCS for the network coded data packet C that is different from the MCS used for the transmission of the
original data packets P. The modulation and coding rate may be set lower for the network coded data
packet to increase the probability that the network coded data packet C can be received correctly at each
of the user equipment devices involved in the multicast. When the network coded data packet C is suc-
cessfully received, any single missing original data packet P can be resolved, provided that original data
packet P was used in the generation of the network coded data packet C.

It should be noted that the network coded data packet C need not be a linear combination
of all original data packets P in the set S. For some cases, the network coded data packet C only needs
to be a linear combination of some original network coded data packets, the correct detection of which is
more important than for other original data packets P within the set S. Unequal error protection, wherein
only some original data packets are protected, may be beneficial for certain applications, e.g. multiresolu-
tion video.

Step S34 indicates feedback information received by base station 20 from one or more
user equipment devices involved in the multicast transmission. Step $34 may be optional. Feedback
information is received from user equipment device that, despite the availability of the network coded data
packet C, could not resolve all original data packets P from the set S. For example, a user equipment

may not have received two or more original data packets P from the set S. The feedback information may
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or may not indicate which original data packet(s) P of the set S are still missing. Again, if only one original
data packet P of the set S is missing, no feedback information is received by the base station 20, thereby
saving radio resources.

Step S35 indicates the optional step of transmitting one or more repair packets R from
the base station 20 to one or more of the user equipment devices in response to receiving the feedback
information of step S34. Repair packets R may not be needed if the service does not require that all orig-
inal data packets P are obtained by the user equipment devices, such as e.g. voice services or video
services. Repair packets R may either be unicast to a selected user equipment device or be multicast to
two or more (e.g. all) user equipment devices of the plurality of user devices to which the set S of original
data packets P was transmitted. These options will be discussed in further detail with reference to FIGS.
5 and 6.

FIG. 4 is a schemaitic time line of a multicast of a set of original data packets and a net-
work coded data packet and the receipt thereof by a receiver according to disclosed embodiment. In FIG.
4, it is assumed that the set size S is defined to consist of three original data packets P1, P2 and P3 in
accordance with a mulicast data packet loss probability. The original data packets are multicast from an
eNB to three UEs (UE1, UE2 and UE3) in the cell of the eNB. A network coded data packet C is generat-
ed, wherein C=P1+P2+P3. The multicast of original data packets P1 results in data packet P1 being
received by UE1 and UE2 at T=2, but not by UE3. The multicast of original data packet P2 results in data
packet P2 being received by U1 and U3 at T=3, but not by UE2. The multicast of original data packet P3
results in data packet P3 being received by UE1 and UE3 at T=4, but not by UE2. Changes in the receipt
of original data packets P by the UEs arise from varying conditions on the radio path between the eNb
and the UEs. Network coded data packet C may be generated at the eNB or may be received from other
entities in or connected to the telecommunications network 1. The network coded data packet C is also
multicast and received by all UEs (e.g. because a more robust transmission was selected at the eNb for
the transmission of the network coded data packet C).

When processing the received transmissions in the UEs, network coded data packet C is
useless for UE1, since UE1 has received all original data packets P1, P2 and P3 of the set. Accordingly,
UE1 does not send any feedback to the eNb. UE3 could receive P2 and P3 via multicast and can resolve
original data packet P1 from the network coded data packet C using P2 and P3. Hence, UE3 also does
not need to send any feedback to the eNb. UE2 is missing more than one original data packet and, there-
fore it sends a NACK to the eNb with the information of which data packets are missing. It should be
noted that in this case two original data packets are missing, but UE2 only needs to send one NACK con-
taining information of missing only one of the packets P2 or P3. Then, the eNb will send either P2 or P3
via e.g. a unicast transmission to UE2 such that UE2 can resolve the other original data packet by using
the network coded data packet C. If UE2 was missing all three original data packets P1, P2, P3 then its
NACK feedback would have contained the information of at least two missing original data packets.
Therefore, if a UE is missing k original data packets P after the end of a set S, the NACK message con-
tains the information of k-1 missing original data packets. Original data packet X4 is an original data

packet of a next set S of original data packets.
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FIGS. 5 and 6 are time diagrams indicating a sequence of steps for multicasting multiple
sets S of original data packets P from a transmission node (e.g. a base station) to the receivers UE1, UE2
and UE3.

Step S50 pertains to the determination of the mulicast data packet loss probability for the
next multicast in step S51 of a set S1 of original data packets P. Step S50 may also contain the genera-
tion of a network coded data packet C1 being a linear combination of at least two of the original data
packets P of the set S1.

In step S51, the original data packets P of set S1 and the network coded data packet C1
are multicast to UE1, UE2 and UE3. When processing the multicast transmission, UE 2 is assumed to
find out that, even with the network coded data packet C1, it could not resolve all data packets P from the
set S1.

Hence, in step S52, UE2 transmits an indication of one or more missing original data
packets P from set S1 to the transmission node. The indication may contain information which original
data packets P of set S1 could not be obtained. As mentioned with reference to FIG. 4, one less missing
original data packet should be reported, provided that the network coded data packet C1 has been re-
ceived correctly.

In step 853, the transmission node transmits (e.g. unicasts) one or more repair packets
R1 corresponding to the missing original data packets reported to be missing in step S52. Once the miss-
ing original data packets arrive safely at UE2, UE2 can resolve all original data packets P from set $1,
using the one or more repair packets R1, the network coded data packet C1 and the original data packets
P (if any) received with the multicast in step S51.

In step $54, the transmission node determines the multicast data packet loss probability
using the feedback information received in step S52. The newly determined multicast data packet loss
probability may result in the transmission node deciding that the number of original data packets P in a
set S2 to be transmitting should be reduced with respect to the number of original data packets P in set
S1. Again, a network coded data packet C2 is generated as a linear combination of at least two original
data packets P of set S2.

In step $55, the transmission node multicasts the original data packets P of set S2 and
the network coded data packet C2 to the UEs. The transmission node does not receive any indications of
missing original data packets P of set S2.

Then, e.g. after the expiry of a timer, the transmission node may again determine a mul-
ticast data packet loss probability for a new set S3 of data packets to be transmitted in step S56. For
example, since all original data packets P of set S2 were received by the UEs, the transmission node may
decide that set S3 should have the same size as set S2. Alternatively, the transmission node may in-
crease the set size of S3 to increase the efficiency of the resource usage. Again, step S56 may also
involve the generation of a network coded data packet C3 as a linear combination of two or more original
data packets P of set S3.

In step $57, the original data packets P of set S3 and the network coded data packets

are multicast to the UEs.
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It should be appreciated that some steps may be reversed and some steps may even be
omitted from the sequence of FIG. 5. For example, the transmission of the repair packet(s) in step S53
may occur simultaneously with or after step S54 determining the set size $2 and the network coded data
packet C.

As noted above, the steps S52 and S53 of receiving indications of missing packets and/or
the transmission of repair packets may be omitted if the UEs do not necessarily need all data packets to
be received. Some services, such as voice services or video services, do not require each and every
original data packet P to be received by the UE. Another alternative is that step(s) like S52 are only used
to determine the multicast data packet loss probability, but not to send repair packets as in step S53.

It should further be noted that it is not necessary to determine the multicast data packet
loss probability each time a new set S is to be multicast to the UE’s as is shown in FIG. 5. The frequency
of determining the multicast data packet loss probability may be determined by the transmission node or
may be set by the network. The determination of the data packet loss probability may follow the dynamics
of the changing communication conditions at the receivers involved in the multi-cast transmission. For
example, if the transmission node identifies that the multicast data packet loss probability is relatively
constant then determination may be less frequent. If the transmission node determines that the multicast
data packet loss probability varies outside a certain range, determination may be performed more fre-
quently.

Referring now to FIG. 6, step S60 involves the multicast of a set S1 of data packets P,
wherein the transmission node has made a very conservative estimate of the multicast data packet loss
probability, and hence a small set size. Step S60 may, for example, relate to the multicast of the very first
set of original data packets of the complete data to be transmitted. A network coded data packet C1 is
also multicast.

In step S61, in the absence of any feedback from the UEs on missing data packets, a
new, less conservative, set size is determined for set S2. Accordingly, set S2 is bigger than set S1. A
network coded data packet C2 is also generated.

In step S62, the original data packets P of set S2 and the network coded data packet C2
are multicast to the UEs.

In step S63, both UE2 and UE3 provide feedback with an indication of missing original
data packets P of set S2.

Determining that many UEs were not able to decode the original data packets, even with
the assistance of the proactively provided network coded data packet C2, the transmission node may
generate in step S64 a further network coded data packet C2’ as a repair packet R. Network coded data
packet C2’ also is a linear combination of the original data packets P of the set S2. The linear combina-
tion used for network coded data packet C2’ is different from the linear combination of network coded
data packet C2. If the linear combinations for C2 and C2’ are combinations over all original data packets
P of the set S2, the network coded data packets C2 and C2’ could be different in the coding coefficients
a. In this case, assuming that each UE has indicated that is misses one original data packet P of set S2,

the transmission node does not need to know exactly which original data packet P of set S2 is missing.
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In step S65, the transmission node multicasts the network coded data packet C2’ as a
repair packet R to the UEs. For UE1, the network coded data packet C2’ is useless since UE1 was al-
ready able to resolve all original data packets P of set S2, with our without the proactively multicast
network coded data packet C2 in step S62. UE2 and UE3 may now resolve at least one more original
data packet using the network coded data packets C2 and C2’ and any original data packet P received
with the multicast of step S62. If UE2 and/or UES still cannot resolve all original data packets P of the set
S2, steps S63 and S64 may be repeated. In step S64, the missing data packets may then be provided
again as a network coded data packet C2” (again a different linear combination from C2 and C2’) or as
the missing data packet P itself. It should be noted that the repair packets R comprising C2’ and/or C2”
may be multicast with the same MCS as the proactively multicast network coded data packet C2. It
should be noted that the repair packet(s) R are not necessarily multicast to the UEs, but also be transmit-
ted as a unicast to a dedicated UE.

In step S66, the multicast data packet loss probability is determined on the basis of the
indications of missing data packets in step S63. Accordingly, the set size of the next set S3 of original
data packets P may be reduced. Furthermore, a network coded data packet C3 is generated. In step
S67, the original data packets P of set S3 and the network coded data packet are multicast to the UEs.

Using the proposed solution, the probability of a UE receiving all packets in a single set is
increased from {1 — )¢ to {1 — ) + fpll — g} ~* where p is the probability of a missing original data
packet and f is the size of the set S. To illustrate, if an original data packet is received correctly with prob-
ability 0.9 and if the original data packets are divided into set of three original data packets (f=3), then
probability of a UE receiving all original data packets correctly at once is increased from 72.9% to 97.2%
at the cost of sending one network coded packet with each set.

FIG. 7 is a block diagram illustrating an exemplary data processing system that may be
used as a part of a transmission node as shown in FIG. 2, such as base station.

Data processing system 70 may include at least one processor 71 coupled to memory el-
ements 72 through a system bus 73. As such, the data processing system 70 may store program code
within memory elements 72. Further, processor 71 may execute the program code accessed from
memory elements 72 via system bus 73. In one aspect, data processing system 70 may be implemented
as a computer that is suitable for storing and/or executing program code. It should be appreciated, how-
ever, that data processing system 70 may be implemented in the form of any system including a
processor and memory that is capable of performing the functions described within this specification.

Memory elements 72 may include one or more physical memory devices such as, for ex-
ample, local memory 74 and one or more bulk storage devices 75. Local memory may refer to random
access memory or other non-persistent memory device(s) generally used during actual execution of the
program code. A bulk storage device 75 may be implemented as a hard drive or other persistent data
storage device. The data processing system 70 may also include one or more cache memories (not
shown) that provide temporary storage of at least some program code in order to reduce the number of

times program code must be retrieved from bulk storage device 75 during execution.



10

15

20

25

30

35

WO 2017/103044 17 PCT/EP2016/081340

Input/output (1/0) devices depicted as input device 76 and output device 77 optionally can
be coupled to the data processing system 70. Examples of input devices may include, but are not limited
to, for example, a keyboard, a pointing device such as a mouse, a touchscreen, or the like. Examples of
output device may include, but are not limited to, for example, a monitor or display, speakers, or the like.
Input device 76 and/or output device 77 may be coupled to data processing system 70 either directly or
through intervening I/O controllers. A network adapter 78 may also be coupled to data processing system
70 to enable it to become coupled to other systems, computer systems, remote network devices, and/or
remote storage devices through intervening private or public networks. The network adapter 78 may
comprise a data receiver for receiving data that is transmitted by said systems, devices and/or networks
to said data processing system 70 and a data transmitter for transmitting data to said systems, devices
and/or networks. Modems, cable modems, and Ethernet cards are examples of different types of network
adapters that may be used with data processing system 70.

As pictured in FIG. 7, memory elements 72 may store an application 79. It should be ap-
preciated that data processing system 70 may further execute an operating system (not shown) that can
facilitate execution of the application. Applications, being implemented in the form of executable program
code, can be executed by data processing system 70, e.g., by processor 71. Responsive to executing the
application 79, the data processing system 70 may be configured to perform one or more operation as
disclosed in the present application in further detail.

In one aspect, for example, data processing system 70 may represent a transmission
node as shown in FIG. 2 or as a receiver. In that case, application 29 may represent a client application
that, when executed, configures data processing system 70 to perform the various functions described
herein with reference to transmission node or a receiver. An example of a transmission node includes a
base station of a telecommunications network 1 providing cellular wireless access, e.g. a NodeB or an
eNB. The user equipment can include, but is not limited to, a personal computer, a portable computer, a
mobile phone, or the like.

It is noted that the method has been described in terms of steps to be performed, but it is
not to be construed that the steps described must be performed in the exact order described and/or one
after another. One skilled in the art may envision to change the order of the steps and/or to perform steps
in parallel to achieve equivalent technical results.

The terminology used herein is for the purpose of describing particular embodiments on-
ly and is not intended to be limiting of the invention. As used herein, the singular forms "a," "an," and
"the" are intended to include the plural forms as well, unless the context clearly indicates otherwise. It will
be further understood that the terms "comprises" and/or "comprising," when used in this specification,
specify the presence of stated features, integers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

The corresponding structures, materials, acts, and equivalents of all means or step plus
function elements in the claims below are intended to include any structure, material, or act for performing

the function in combination with other claimed elements as specifically claimed. The description of the
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present invention has been presented for purposes of illustration and description, but is not intended to be
exhaustive or limited to the invention in the form disclosed. Many modifications and variations will be ap-
parent to those of ordinary skill in the art without departing from the scope and spirit of the invention. The
embodiment was chosen and described in order to best explain the principles of the invention and the
practical application, and to enable others of ordinary skill in the art to understand the invention for vari-
ous embodiments with various modifications as are suited to the particular use contemplated.

Various embodiments of the invention may be implemented as a program product for use
with a computer system or a processor, where the program(s) of the program product define functions of
the embodiments (including the methods described herein). In one embodiment, the program(s) can be
contained on a variety of non-transitory computer-readable storage media (generally referred to as “stor-
age”), where, as used herein, the expression “non-transitory computer readable storage media”
comprises all computer-readable media, with the sole exception being a transitory, propagating signal. In
another embodiment, the program(s) can be contained on a variety of transitory computer-readable stor-
age media. lllustrative computer-readable storage media include, but are not limited to: (i) non-writable
storage media (e.g., read-only memory devices within a computer such as CD-ROM disks readable by a
CD-ROM drive, ROM chips or any type of solid-state non-volatile semiconductor memory) on which in-
formation is permanently stored; and (ii) writable storage media (e.g., flash memory, floppy disks within a
diskette drive or hard-disk drive or any type of solid-state random-access semiconductor memory) on

which alterable information is stored.
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CLAIMS

1. A method for multicasting a plurality of original data packets to a plurality of receivers in
a cell of a cellular communications system, the method comprising the steps in the cellular com-
munications system of;

multicasting a set of original data packets and a single network coded data packet associ-
ated with the set of original data packets to the plurality of receivers in the cell,

wherein the set of original data packets consists of a number of original data packets of the
plurality of original data packets;

wherein the number of original data packets in the set of original data packets is dependent
on a multicast data packet loss probability for transmitting data packets to one or more of the plu-
rality of receivers in the cell, and

wherein the single network coded data packet is a linear combination of two or more origi-

nal data packets in the set of original data packets.

2. The method according to claim 1, wherein the single network coded data packet is a lin-
ear combination of the original data packets in the set of original data packets, such as a bitwise

XOR combination of each of the bits of each of the original data packets.

3. The method according to claim 1 or claim 2, further comprising the step of determining
the number of original data packets in the set of original data packets in a base station of the cellu-

lar communications system based on the data packet loss probability.

4. The method according to one or more of the preceding claims, comprising the step of
multicasting the network coded data packet using a modulation and coding rate lower than the

modulation and coding rate used for multicasting the set of original data packets.

5. The method according to one or more of the preceding claims, comprising the step of
receiving information from one or more receivers of the plurality of receivers and dynamically de-
termining the multicast data packet loss probability for at least one set of original data packets to be

multicast to the plurality of receivers on the basis of the received information.

6. The method according to claim 5, wherein the information from the one or more receiv-
ers relates to at least one of:

-information received from the one or more receivers resulting from multicasting data pack-
ets of a previous set of original data packets; and

-information received from the one or more receivers resulting from other connections of

the one or more receivers with a base station defining the cell.
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7. The method according to one or more of the preceding claims, further comprising the
step of receiving information comprising k-1 indications for k missing original data packets of the
set of original data packets at a receiver of the plurality of receivers after multicasting the original

data packets and the single network coded data packet to the plurality of receivers.

8. The method according to claim 7, further comprising at least one of the steps of transmit-
ting to the receiver of the plurality of receivers:

- k-1 original data packets corresponding to the missing k data packets in the set of original
data packets, wherein the k-1 indications contain information regarding the missing original data
packets;

- k-1 network coded data packets, that, optionally, are multicast to the plurality of receivers.

9. A transmission node in a communications system, e.g. a base station, defining a cell of a
cellular communications system, the transmission node being configured to multicast a plurality of
original data packets to a plurality of receivers in the cell, the transmission node comprising:

a processor configured for defining a set of original data packets and a single network cod-
ed data packet to be multicast to the plurality of receivers in the cell,

a transmitter configured for multicasting the set of original data packets and the single net-
work coded data packet to the plurality of receivers in the cell;

wherein the set of original data packets consists of a number of original data packets of the
plurality of original data packets,

wherein the number of original data packets in the set of original data packets is dependent
on a multicast data packet loss probability for transmitting data packets to one or more of the plu-
rality of receivers in the cell, and

wherein the single network coded data packet is a linear combination of two or more origi-

nal data packets in the set of original data packets.

10. The transmission node according to claim 9, wherein the single network coded data
packet is a linear combination of the original data packets in the set of original data packets, such

as a bitwise XOR combination of each of the bits of each of the original data packets.

11. The transmission node according to claim 9 or 10, wherein the transmission node is a
base station defining the cell of the cellular communications system and wherein the processor is
configured for determining the number of original data packets in the set of original data packets in
a base station of the cellular communications system based on the multicast data packet loss

probability.
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12. The transmission node according to one or more of the preceding claims 9-11, wherein
the transmission node is configured to multicast the single network coded data packet using a
modulation and coding rate lower than the modulation and coding rate used for multicasting the set

of original data packets.

13. The transmission node according to one or more of the preceding claims 9-12, wherein
the transmission node comprises a receiver configured to receive information from one or more re-
ceivers of the plurality of receivers and wherein the processor is configured to dynamically
determine the multicast data packet loss probability for at least one set of original data packets to

be multicast to the plurality of receivers on the basis of the received information.

14. The transmission node according to claim 13, wherein the information from the one or
more receivers relates to at least one of:

-information received from the one or more receivers resulting from multicasting data pack-
ets of a previous set of original data packets; and

-information received from the one or more receivers resulting from other connections of

the one or more receivers with a base station defining the cell.

15. The transmission node according to one or more of the preceding claims 9-14, wherein
the processor is configured to process information comprising k-1 indications for k missing original
data packets of the set of original data packets at a receiver of the plurality of receivers after multi-
casting the original data packets and the single network coded data packet to the plurality of

receivers.

16. The transmission node according to claim 15, wherein the processor is configured to
determine at least one of:

- k-1 original data packets corresponding to the missing k data packets in the set of original
data packets, wherein the k-1 indications contain information regarding the missing original data
packets;

- k-1 network coded data packets;
and wherein the transmission node is configured to transmit at least one of the k-1 original data

packets or the k-1 network coded data packets, optionally as a multicast, to the receiver.

17. A computer program or suite of computer programs comprising at least one software
code portion or a computer program product storing at least one software code portion, the soft-
ware code portion, when run on a computer system, being configured for executing the method

according to one or more of the claims 1-8.
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