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or wireless network, wherein a File Delivery over
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CONVEYING PARAMETERS FOR
BROADCAST/MULTICAST SESSIONS VIA A
COMMUNICATION PROTOCOL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

This mvention relates to a method, a computer program, a
computer program product, a system, a sender, a recerver and
a protocol for transmitting common data from one sender to a
plurality of receivers within a transmission session.

BACKGROUND OF THE INVENTION

Broadcast/multicast services are services intended to pro-
vide tlexible and efficient mechanisms to send common (the
same) information from one sender to multiple receivers.

In the context of a wireless communication system, the
Multimedia Broadcast/Multicast Service (MBMS) 1s used 1n
the Universal Mobile Telecommunications System (UMTS)
as standardized by the Third Generation Partnership Project
(3GPP).

In the 3GPP MBMS, the broadcast service describes a
unidirectional point-to-multipoint transmission of multime-
dia data (e.g. text, audio, picture, video) from a single source
entity (the sender) to all users (the receivers) 1n a broadcast
area or areas. The broadcast mode 1s intended to efficiently
use radio/network resources, ¢.g. data 1s transmitted over a
common radio channel. Data 1s transmitted to broadcast areas
as defined by the network.

A broadcast service recerved by the user may involve one
or more successive broadcast sessions. A broadcast service
might, for example, consist of a single on-going session (e.g.
a media stream) or may involve several intermittent sessions
over an extended period of time (e.g. messages).

An example of a service using the broadcast mode could be
advertising or a welcome message to the network. As not all
users attached to the network may wish to recerve these mes-
sages then the user shall be able to enable/disable the recep-
tion of these broadcast services on his User Equipment (UE).

The broadcast mode ditfers from the multicast mode 1n that
there 1s no specific requirement to activate or subscribe to the
MBMS 1n broadcast mode.

The multicast mode of the 3GPP MBMS allows the unidi-
rectional point-to-multipoint transmission of multimedia

data (e.g. text, audio, picture, video) from a single source
point to a multicast group 1n a multicast area. The multicast
mode 1s 1intended to efficiently use radio/network resources,
¢.g. data 1s transmitted over a common radio channel. Data 1s
transmitted to multicast areas as defined by the network. In
the multicast mode there 1s the possibility for the network to
selectively transmit to cells within the multicast area, which
contain members of a multicast group.

A multicast service recerved by the UE may imnvolve one or
more successive multicast sessions. A multicast service
might, for example, consist of a single on-going session (e.g.
a multimedia stream) or may involve several intermittent
multicast sessions over an extended period of time (e.g. mes-
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sages). An example of a service using the multicast mode
could be a football results service for which a subscription 1s
required.

Unlike the broadcast mode, the multicast mode generally
requires a subscription to the multicast subscription group
and then the user joining the corresponding multicast group.
The subscription and group joining may be made by a Public
Land Mobile Network (PLMN) operator, the user or a third
party on their behalf (e.g. company).

The File Delivery over Unidirectional Transport (FLUTE)
protocol being available as Internet draft from the Internet
Engineering Task Force (IETF) (at http://www.1etl.org/inter-
net-draits/) represents a protocol for the unidirectional deliv-
ery of files over IP (Internet Protocol) based networks, which
1s particularly suited to multicast networks, wherein common
data 1s sent from one IP based entity to a plurality of IP based
hosts. The FLUTE specification builds on the Asynchronous
Layered Coding (ALC) protocol, the base protocol designed
for massively scalable multicast distribution. FLUTE 1s
applicable to the delivery of large and small files to many IP
based hosts, using delivery sessions of several seconds or
more. For instance, FLUTE could also be used for the deliv-
ery of large software updates to many IP based hosts simul-
taneously. It could also be used for continuous, but seg-

mented, data such as time-lined text for subtitling.

However, when trying to make the services of the FLUTE
protocol (offered to IP basedhosts) available to 3GPP MBMS,
in order to grant the mobile recervers 1 a wireless commu-
nication system access to broadcast/multicast content that 1s
originally located 1n an IP based network, the problem arises
that a plurality of parameters that are required for the estab-
lishment of a broadcast/multicast session, wherein common
content from a source entity located in the IP based network
shall be transmuitted to said mobile recervers partly over the IP
based network and partly over the wireless network at least
partially under the control of the FLUTE protocol, cannot be
made available to the mobile receivers. For instance, 1t 1s
currently not possible to provide the mobile receivers with
information on the Forward Error Correction (FEC), on data
repair capabilities in case of content damage during a broad-
cast/multicast session, on congestion control, on the use of
multiple channels and on content description used by the
FLUTE Protocol, resulting 1n the fact that these functional-
ities cannot be performed at both ends of the broadcast/mul-
ticast transmission path.

SUMMARY OF THE INVENTION

Setting out from this problem encountered 1n the specific
context of broadcast/multicast transmission of IP-originated
common content to mobile receivers 1n a wireless communi-
cation system, 1t 1s, inter alia, a general object of the present
invention to provide a method, a computer program, a com-
puter program product, a system, a sender, a recetver and a
protocol that allow the communication of parameters, which
are related to a transmission of common data from a sender to
a plurality of receivers within a transmission session, to said
plurality of receivers.

A method 1s proposed for transmitting common data from
one sender to a plurality of recervers within a transmission
session, comprising communicating at least one session
parameter, which 1s related to said transmission of said com-
mon data within said transmission session, to said plurality of
receivers via acommunication protocol, and transmitting said
common data from said sender to said plurality of recervers
within said transmission session.
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Said common data may comprise all kinds of information
that can be represented in electronic form, for instance text,
audio, 1mages and video. Said common data may be stream-
ing data, which 1s continuously transmitted from said sender
to said plurality of recervers 1 a synchronized manner, or
non-streaming data. Said data 1s common, 1.¢. the same data 1s
transmitted to each receiver of said plurality of receivers 1n a
point-to-multipoint fashion. Said transmission of said com-
mon data may take place in a wire-bound or 1n a wireless
network, or 1n a combination thereot. The sender thus may for
instance be an Internet server, and the receivers may be IP
based hosts. Equally well, said receivers may also be mobile
receivers 1n a wireless network. Said receivers may be of the
same type or of different types. Said transmission of said
common data takes place within a transmission session that
may be of limited duration.

Said at least one session parameter 1s related to said trans-
mission of said common data within said transmission ses-
sion. Said at least one session parameter may for istance
describe the error protection, channel coding, modulation
and/or interleaving that 1s used for said transmission of said
common data. Said at least one session parameter may
equally well comprise information related to delay or
memory constraints imposed on the recervers, on the content
of the common data, on congestion control, on error recovery,
or on any other topic related to the correct transmission and
reception of said common data. For instance, information on
a repair session that may be required subsequent to said
transmission of said common data if said common data 1s not
correctly recetved at one or several receivers and thus has to
be at least partially re-transmitted within a repair session may
be contained i1n said at least one session parameter.

Said at least one session parameter 1s communicated to said
plurality of recervers via a communication protocol. Said
communication protocol may for instance be the Session
Description Protocol (SDP), the File Transfer Protocol (FTP),
the Hypertext Transport Protocol (HT'TP), the Short Message
Service (SMS), the General Packet Radio Service (GPRS) or
similar protocols. Said at least one session parameter may for
instance be commumicated in protocol data units that are
exchanged between communication protocol entities 1n dii-
ferent peers, wherein one peer may be the sender, and another
peer may be one of said plurality of receivers. Said commu-
nication protocol may be particularly specified or defined for
the communication of said at least one session parameter.

The deployment of said communication protocol to com-
municate said session parameters to said plurality of receivers
thus makes 1t possible to provide said recervers with informa-
tion on said transmission session that may be vital for the
proper functioning of said transmission session.

According to the method of the present invention, itmay be
preferred that said at least one session parameter 1s commu-
nicated to said plurality of recervers before or during the
establishment of said transmission session. The receivers
then are provided with said at least one session parameter,
which 1s related to said subsequent transmission of said com-
mon data within said transmission session, early enough so
that a proper reception of said common data at said plurality
of recervers 1s possible.

According to the method of the present invention, itmay be
preferred that said communication protocol 1s a Session
Description Protocol (SDP).

Said SDP may be mntended for describing multimedia ses-
s1ons for the purposes of session announcement, session 1Nvi-
tation, and other forms of multimedia session 1nitiation.

Said SDP may provide a standard representation for the
description of media details, transport addresses and other
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session description metadata being required when 1nitiating,
multimedia teleconferences, voice-over-IP calls, streaming
video, or other real-time sessions. Said session description
metadata provided by said SDP may be conveyed to the
participants of the multimedia sessions before the actual mul-
timedia session takes place. Said SDP may be independent on
the actual way 1n which information 1s transported. Said SDP
may purely be a format for session description without 1ncor-
porating a transport protocol, and may be intended to use
different transport protocols as appropriate, including for
instance the Session Announcement Protocol (SAP), the Ses-
s1on Initiation Protocol (SIP), the Real-Time Streaming Pro-
tocol (RTSP), or the Hypertext Transport Protocol (HTTP).
Said SDP may be intended to be general purpose so that it
may be used 1n a wide range of network environments and
applications. Said SDP may for instance be operated by SDP
protocol entities 1n said sender (or another instance such as a
content server or similar) and SDP protocol entities 1n said
plurality of receivers.

Said SDP may for instance be the SDP that 1s defined by the
Internet Engineering Task Force (IETF).

Said at least one sessi1on parameter 1s communicated to said
plurality of receivers via said SDP. This may for instance be
achieved by a plurality of attribute fields that are defined by
said SDP, wherein each attribute field may be capable of
incorporating the information of one or more session param-
eters.

According to the method of the present invention, it may be
preferred that said common data 1s transmitted from said
sender to said plurality of recervers at least partially over an IP
based network. For instance, said sender may be an Internet
server or a similar instance within the Internet, and said
receivers may be mobile recervers of a wireless communica-
tion system the core network of which i1s connected to the
Internet and thus to said sender.

According to the method of the present invention, it may be
preferred that said common data 1s transmitted from said
sender to said plurality of recervers 1n a broadcast or multicast
operation. In any case, point-to-multipoint operation takes
place.

According to the method of the present invention, itmay be
preferred that said common data 1s streaming data or non-
streaming data. Streaming data may be characterized as data
that 1s continuously and 1n a synchronized manner transmit-
ted from said sender to said plurality of receivers, for instance
in the form of streaming video or audio.

According to the method of the present invention, it may be
preferred that said common data 1s real-time data or non-real-
time data.

According to the method of the present invention, it may be
preferred that said common data 1s transmitted from said
sender to said plurality of receivers at least partially over a
wireless network. For instance, said receivers may be mobile
receivers 1 a wireless communication network that 1s con-
nected to a sender residing on an IP based network. Said
wireless network may for instance be a mobile radio commu-
nication network according to the Universal Mobile Telecom-
munications System (UMTS) standard, or a Wireless Local
Area Network (W-LAN) such as IEEE 802.11 or HiperL AN/
2, or a satellite-based network.

According to the method of the present invention, it may be
preferred that said wireless network 1s a mobile network that
at least partially implements a Multimedia Broadcast/Multi-
cast Service MBMS as defined by the Third Generation Part-
nership Project 3GPP.

According to the method of the present invention, it may be
preferred that said communication protocol contains a For-
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ward Error Correction (FEC) attribute that specifies at least an
FEC encoding scheme that 1s used for said transmission of
said common data within said transmission session.

Said attribute contained in said communication protocol
may be a primary means for extending said communication
protocol, and may be defined to be used as “session-level” or
“media-level” attribute, or both. Said attribute may add infor-
mation about the media stream. It may further also convey
additional information that applies to said transmission ses-
sion as a whole rather than to individual media. Attributes
may be either property attributes or value attributes.

Said FEC encoding scheme said FEC attribute specifies
may for mstance be an Automatic Repeat Request (ARQ)
scheme.

According to the method of the present invention, itmay be
preferred that said FEC attribute further specifies an FEC
encoding 1dentifier. Said FEC encoding identifier may con-
tain mnformation on an FEC decoding matrix or FEC byte-
code.

According to the method of the present invention, itmay be
preferred that said communication protocol contains an FEC
machine attribute that specifies the location from which FEC
decoding information can be downloaded.

According to the method of the present invention, itmay be
preferred that said FEC decoding information such as an FEC
decoding matrix or FEC bytecode has to be downloaded from
said location by at least one of said plurality of receivers in an
error-free fashion.

According to the method of the present invention, itmay be
preferred that at least one of said plurality of receivers uses a
Hypertext Transport Protocol (HTTP) or a Transport Control
Protocol (TCP) based point-to-point connection to download
said FEC decoding information.

According to the method of the present invention, itmay be
preferred that at least one of said plurality of recervers uses a
time dispersion function to determine a time when the down-
loading of said FEC decoding information from said location
starts or determine the time when to start a repair session. This
time dispersion function may reduce the number of receivers
that may concurrently attempt to download said FEC 1nfor-

mation from said location or perform repair sessions, for
instance by prescribing a randomized starting time for said
download.

According to the method of the present invention, itmay be
preferred that said communication protocol contains an FEC
bullering attribute that specifies the builering requirements
imposed on said plurality of recervers during the transmission
of said common data from said sender to said plurality of
receivers 1n said transmission session.

According to the method of the present invention, itmay be
preferred that said buflering requirements are a buflering
delay and/or a bulfering memory size.

According to the method of the present invention, itmay be
preferred that said communication protocol contains a con-
gestion control attribute that specifies a congestion control
scheme that 1s used for said transmission of said common data
within said transmission session.

According to the method of the present invention, itmay be
preferred that 1n a case that said common data 1s not correctly
received 1n at least one of said plurality of recervers, at least
parts of said common data are transmitted from a repair server
to said at least one recetver within a repair session.

According to the method of the present invention, itmay be
preferred that said repair session 1s a point-to-point or a point-
to-multipoint repair session.
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According to the method of the present invention, it may be
preferred that said communication protocol contains a repair
Uniform Resource Identifier URI attribute that specifies a
URI of said repair server.

According to the method of the present invention, it may be
preferred that said communication protocol contains a repair
threshold attribute that specifies an error threshold, and that
said error threshold 1s related to a reception quality of said
common data as recerved by said plurality of recervers from
said sender within said transmission session. Said error
threshold may for instance quantily a maximum tolerable
number of bit errors per packet or time.

According to the method of the present invention, itmay be
preferred that an entering into said repair session by one of
said plurality of receitvers depends on the relationship
between a reception quality of said common data as recerved
by said recerver from said sender within said transmission
session and said error threshold. If for instance said recerver
receives said common data during said transmission session
with an error of 10 bytes 1n a window of 300 seconds, and 11
said error threshold states that only up to 1 byte error 1n a
window of 300 seconds 1s allowed 1n order to start the repair
session, said recerver may refrain from entering said repair
SESS101.

According to the method of the present invention, it may be
preferred that said error threshold 1s quantified 1n terms of an
error unit, an error value, a measurement window unit and a
measurement window value. Said error unit may for instance
be bytes, bits, packets or a percentage, said error value may be
a real-valued number, said window umit may for instance be
seconds, packets, bits or bytes and said window value may be
a real-valued number. An example of an error threshold quan-
tified 1n this manner may thus be 10 erroneous bytes 1n a
window of 300 seconds or a similar combination.

According to the method of the present invention, it may be
preferred that said error threshold 1s quantified 1n terms of an
error value. It may also be possible to specity said error
threshold by a real-valued error value, for instance 0.01. The
error unit, the measurement window unit and the measure-
ment window value may then for instance be pre-defined.

According to the method of the present invention, itmay be
preferred that a plurality of error thresholds 1s used for said
transmission session, and wherein said error thresholds are
explicitly or implicitly labelled. Said error threshold may for
instance be explicitly labelled with an integer, so that a first,
second, etc. error threshold may be differentiated. Said error
threshold may equally well be inherently labelled, for
instance by prescribing that the error thresholds are sorted
according to their value and then labelled in ascending (or
alternatively 1n descending) order, starting with the lowest or
highest error threshold. Labelling error thresholds 1s particu-
larly advantageous when different backoif modes, which may
for istance describe how long a receiver has to wait until a
request for a repair session may be started, are supported and
when each error threshold then corresponds to a respective
backoil mode. The entrance of receivers into a repair session
then may be controlled depending on the magmtude of the
reception errors, so that, for instance, receivers with large
reception errors enter said repair session at first or at last.

According to the method of the present invention, it may be
preferred that said communication protocol contains a back-
off-mode attribute that provides information on when a
receiver that did not correctly receive said common data from
said sender within said transmission session can start a
request for said repair session.

According to the present invention, 1t may be preferred that
said communication protocol contains a backoff-mode
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attribute that specifies a backolil mode, wherein said backoif
mode provides imnformation on when a receiver that did not
correctly recerve said common data from said sender within
said transmission session can start a request for said repair
session, wherein a plurality of backoil modes 1s used for said
transmission session, and wherein at least one of said error
thresholds 1s linked to at least one of said backoif modes,
respectively. For instance, each error threshold may then be
linked to a respective backoil mode. This linking may for
instance be achieved by labelling both the error thresholds
and the backoll modes, so that corresponding labels are
understood to represent a link.

According to the present invention, 1t may be preferred that
said backoll modes are assigned to a receiver in dependence
on the relationship between a reception quality of said com-
mon data as received by said receiver during said transmis-
s1on session and a reception quality as demanded by said error
thresholds. Based on the error rate that 1s experienced by a
receiver during the reception of said common data within said
transmission session, and the linking between said error
thresholds and said backoil modes, 1t may then be possible to
assign a backoll mode to said recerver. In this way, for
instance recervers with a high error rate (above a first error
threshold) are assigned to a first backoil mode, and receivers
with a lower error rate, below the first error threshold but
above a second error threshold, are assigned to a second
backoil mode. The receivers 1n the first backoil mode then
may be allowed to transmit before or after the after the rece1v-
ers 1n the second backoll mode, thus allowing for a Quality of
Service ((QoS) control.

According to the method of the present invention, itmay be
preferred that said information 1s represented by a backoil
unit, a backolt value and a backofl window. Said backoff unit
may for instance be a relative time 1n seconds, an absolute
Network Time Protocol (N'TP) time, bytes, bits or packets.
Said backoil value may for instance be a real-valued number.
Said backoil window may for instance be a real-valued num-
ber with a unit that may be the same as the unit specified by
said backofl unit. Said information may be related to an
absolute or relative time basis. As an example, 11 said backoif
unit 18 seconds, said backoil value 1s 60 and said backoit
window 1s 120, this may indicate that a recetver may start a
request for a repair session between 60 and 180 (=60+120)
seconds from the end of the transmission session, wherein
said starting time may be randomly chosen from said interval
between 60 and 120 seconds, for instance based on a uniform
distribution.

According to the method of the present invention, itmay be
preferred that said information is represented by a variable
that indicates 11 absolute or relative timing 1s used, and a time
value. For instance, 11 said variable indicates that an absolute
timing 1s used, said time value may specily an absolute NTP
time at which a request for a repair session may be started (or
around which or starting from which a starting time may be
randomly chosen). Alternatively, 11 said variable indicates
that a relative timing 1s used, said time value may for instance
specily that said request may be randomly started 1n an inter-
val starting with the end of the transmission session and
ending after a duration as indicated by said time value. Said
time value may also be defined as a maximum repair avail-
ability time, 1.¢. the time until the repair operation 1s possible,
and then may be preferably expressed in NTP time, enabling
a so-called lazy repatr.

According to the method of the present invention, itmay be
preferred that said information comprises an error threshold
and three values X, Y and 7, and that at least one of said
plurality of recervers, if a reception quality of said common
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data as recetved by said at least one recerver from said sender
within said transmission session 1s better than a reception
quality dictated by said error threshold, said request for said
repair session 1s started randomly within a time interval of
duration X, wherein said interval starts at the end of said
transmission session; and otherwise starting said request for
said repair session randomly within a time period between'Y
and Y+7, wherein'Y 1s counted from the end of said transmis-
1011 SeSS101.

According to the method of the present invention, it may be
preferred that said communication protocol can be used to
communicate the number of said plurality of receivers to said
plurality of receivers. Information on the number of receivers
may be advantageously used by said receivers when deter-
mining backoll times for said repair session.

According to the method of the present invention, it may be
preferred that said communication protocol contains a repair
type parameter attribute that specifies 1f said repair session
can be a point-to-point session, a point-to-multipoint session,
or both.

According to the method of the present invention, it may be
preferred that said communication protocol contains a repair
token attribute that specifies the type of said repair session,
and/or information on which parts of said common data that
1s not correctly received at least one of said plurality of
receivers within said transmission session will be transmitted
from said repair server to said at least one receiver within said
repair session. Said information on said parts may for
instance specily a file identifier, a Source Block Number
(SBN) and/or Encoding Symbol 1D (ESI) of said common
data, or pairs or ranges based on these values.

According to the method of the present invention, it may be
preferred that said communication protocol contains a con-
tent description attribute that specifies how said sender indi-
cates to said plurality of recervers the URI where a content
description of said common data 1s stored. Said URI may for
instance be an Extended Markup Language (XML) scheme
such as an File Delivery Table (FDT) XML schema, or an
entry point to an Internet Media Guide (IMG) data model, or
another entry point to a schema or model.

According to the method of the present invention, itmay be
preferred that said transmission of said common data from
said sender to said plurality of receivers 1s at least partially
controlled by a File Delivery Over Unidirectional Transport
FLUTE protocol. Said FLUTE may represent a protocol for
the unidirectional delivery of files over the Internet, which
may be particularly suited to multicast networks. Said
FLUTE protocol may be based on Asynchronous Layered
Coding (ALC).

According to the method of the present invention, it may be
preferred that said commumication protocol contains a
FLUTE channel attribute that specifies how many channels
are used by the sender to transmit said common data to said
plurality of recetvers within said transmission session.

According to the method of the present invention, itmay be
preferred that said communication protocol contains a
FLUTE Transmission Session Identifier TSI attribute that
specifies the value of a TSI within said transmission session.

According to the method of the present invention, it may be
preferred that said communication protocol contains a media
description that specifies a media that 1s used within said
transmission session. This media description may also be
referred to as “m-line”. For instance, said media may be
audio, video, application, data and control. Said media
description may for instance describe that video data 1s trans-
ported on a channel that uses FLUTE over a User Datagram

Protocol (UDP).
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According to the method of the present invention, itmay be
preferred that said communication protocol contains a con-
nection data that specifies an address of a channel used within
said transmission session. This connection data may also be
referred to a “c-line”. Said connection data may comprise a
network type, an address type and a connection address. This
connection data thus may, for instance. indicate an IPv6
address.

Further proposed 1s a computer program with mnstructions
operable to cause a processor to perform the above-described
method steps. Said processor may for instance be integrated
in said sender, receiver, or both.

Still turther proposed 1s a computer program product com-
prising a computer program with instructions operable to
cause a processor to perform the above-described method
steps.

Further, a system 1s proposed for transmitting data, com-
prising at least one sender and a plurality of receivers,
wherein said at least one sender and said plurality of receivers
comprise means arranged for communicating at least one
session parameter, which 1s related to said transmission of
said common data within said transmission session, from said
at least one sender to said plurality of recervers via a Session
Description Protocol communication protocol; and wherein
said at least one sender and said plurality of receivers com-
prise means arranged for transmitting said common data from
said sender to said plurality of receivers within said transmis-
51011 SeSS101.

Further still, a sender 1s proposed for transmitting common
data to a plurality of recervers within a transmission session,
the sender comprising means arranged for communicating at
least one session parameter, which 1s related to said transmis-
sion of said common data within said transmission session, to
said plurality of recervers via a Session Description Protocol
communication protocol, and means arranged for transmit-
ting said common data to said plurality of receivers within
said fransmission session.

Still further, a receiver 1s proposed for receving common
data that 1s transmitted from one sender to a plurahty of
receivers within a transmission session, COmprising means
arranged for recerving at least one session parameter, which 1s
related to said transmission of said common data within said
transmission session, and which 1s communicated to said
plurality of receivers via a Session Description Protocol com-
munication protocol, and means arranged for receiving said
common data that 1s transmitted from said sender to said
plurality of receivers within said transmission session.

Further still, a Session Description Protocol 1s proposed,
comprising a definition of at least one session parameter that
1s related to a transmission of common data from a sender to
a plurality of recervers within a transmission session.

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE FIGUR.

L.
)

In the figures show:

FIG. 1: atlowchart of a possible embodiment of the method
according to the present invention; and

FIG. 2: a schematic view of a possible embodiment of the
system according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention proposes to deploy a communication
protocol 1n order to communicate session parameters to a
plurality of receivers that are to recerve common data from a
sender via a point-to-multipoint connection. In the descrip-
tion which follows below, without limiting the scope of the
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present invention, as an example for such as communication
protocol, a Session Description Protocol SDP will be used for
this purpose. To this end, said SDP contains attributes, media
descriptions and connection data that are defined to allow for
the communication of said session parameters. In what fol-
lows, the definition of these SDP components will be exem-
planly 1llustrated for a system that offers the Third Genera-
tion Partnership Project (3GPP) Multimedia Broadcast/
Multicast Services for sessions that are controlled by the File
Delivery over Unidirectional Transport (FLUTE) protocol as
defined by the Internet Engineering Taskiorce (IETF). It
should be noted that the application of the present invention to
this system and the following component definitions are by no
means intended to restrict the scope of the invention to this
specific application. The components are defined based on
Augmented Backus-Naur Form (ABNF) syntax description
format.

1. FEC Parameters

The Forward Error Correction (FEC) attribute describes
the FEC encoding scheme used. The FEC attribute describes
also the FEC encoding i1dentifier (and its association with the
FEC encoding scheme used). For example, in the IETF
FLUTE protocol draft, a descrlptlon of the FEC encoding I
for the FLUTE protocol 1s given. There may be multiple
encoding 1dentifiers associated to an FEC encoding scheme.

An example syntax for the FEC attribute according to the

present invention 1s given below as:

a=FEC-Info:”{"value *(”,’value)”’}” CRLF

wherein

value = value-single / value-couple
value-single = %d0-127

value-couple = (" %d128-255 7, %d0-255 )7

Therein, value 1s a numerical value representing the FEC

Encoding scheme used. value-single represents the |
Encoding scheme (with values between 0 and 127 1n thls
example). value- couple represents a (FEC Encoding scheme,
FEC encoding-ID) pair (with values respectively between
128 and 255 for the FEC encoding scheme, and between O and
255 for the encoding-ID 1n this example).

The FEC attribute may preferably be a session level-only
attribute (however, it 1s not excluded to use 1t as media-level
attribute).

The value-single and value-couple examples given may be
the preferred syntax. However, other options, such as value-
single=% d0-235 or wvalue-couple="(*% d0-255”, “%
d0-2557)”, are also 1n scope of this mnvention.

When no such attribute 1s present among the SDP descrip-
tors, then this may indicate that no FEC is being used by the
descriptor (for example, Compact NOCODE FEC is being
used, as stated in the IETF FLUTE protocol draft). This 1s
equivalent to using the descriptor a=FEC-Info: {0}.

An example for the use of the FEC attribute according to
the present invention 1s:
a=FEC-Info: {0, 64, 127, (128.3), (128.,4), (129,3)}

The sender indicates 1n the above example that multiple
FEC IDs are used. The numbers 0, 64, 127 and so on, signily
these FEC IDs. The sender does not need to map these to
specific channels of the FLUTE session.

A Turther example for the use of the FEC attribute accord-
ing to the present mvention 1s:
a=FEC-Info: {0}

The sender 1indicates 1n the above example to the recerver
that 1t 1s using Compact no code FEC. It may also be possible
to use only this parameter to indicate FEC IDs O to 127 (that
are fully specified). However, the sender may also choose to

T] T
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use two parameters to specily that FEC IDs 0 to 127 may be
used, e.g., a=FEC-Info: {0, 0)} describes FEC ID 0 and FEC
Instance O (where the Instance information 1s redundant infor-
mation in the bestmode for FEC IDs 0-127). The limitation of
only a single (FEC encoding ID) parameter for FEC encoding
IDs 0-127 being useful 1s specified by ALC version 1. How-
ever, the use of a second parameter (FEC Instance ID) for
FEC encoding IDs 0-127 may also be envisaged according to
the present invention to further extend the number of fully
specified FEC schemes, which may be signalled.

2. FEC Machine Parameters:

In case a universal FEC machine 1s used (1.¢., a system that
allows to download the FEC scheme or the FEC decoding
matrix to the receivers before starting a session), the sender
must signal the exact location of the FEC decoding matrix or
the FEC bytecode to be downloaded from the receiver in order
to decode the data that are going to be transmitted on the
multicast/broadcast channel.

Downloading of this data advantageously 1s performed in
error iree fashion, preferably (but not limited to) via an
HTTP/TCP point-to-point connection. 11 the bytecode or the
FEC matrix are not delivered error-iree to the recervers, it
might be difficult for the receiver to correctly receive the
common data within a multicast/broadcast session.

According to the present invention, the sender may signal
the location of the FEC file during the SDP session announce-
ment and thus before the session starts. It may be advanta-
geous that the recervers fetch the error-iree FEC file before
the start of the session, 1n order to get the system ready for
decoding the data. In order to avoid network overload due to
the many recerwvers” requests for FEC file downloading, the
receivers may start this point-to-point downloading with a
randomized starting time. This time may for imnstance be com-
puted by the receivers between the time 0 (when the session
descriptionisrecerved via said SDP) and the time indicated as
session start time in the (first) t parameter value contained 1n
the same session description.

An example syntax for an FEC machine attribute according
to the present invention 1s given in below as:

a=FEC-machine: FILE-ID
wherein

FILE-ID = <> textstring <"">

textstring = 1*((0x01..0x09) / 0x0b / 0xOc /
0x0e..0x21)

/ (0x023..0xfD))
;any byte except NUL, CR, LF, >~

The FEC machine attribute may preferably be a session
level-only attribute. It 1s however not excluded to use it as
media-level attribute.

There may be multiple FEC machine attribute definitions
(1.e. a=FEC-machine lines). In this case, the receivers may
randomize not only 1n the time dimension, but also based on
the multiple FEC-machine locations.

An example for the use of the FEC machine attribute
according to the present invention 1s:
a=FEC-machine: “http://www.lec.com/matrix.fec”

In this example, the recerver fetches the FEC matrix {file
from the address above.

3. FEC Buflering Parameters

The FEC butlering attribute describes the requirements or
constraints imposed by a FEC encoding scheme to the receiv-
ers when recerving a multicast/broadcast data stream. These
constraints may for mstance be 1n terms of a first parameter
additional delay (1.e., latency expressed 1n the time dimen-
sion, e.g., 1 milliseconds) and/or a second parameter
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memory requirement (1.e., number of bytes required at the
receivers to perform FEC decoding).

The first parameter 1s advantageously applicable to real-
time sessions (such as multicast media streaming sessions). It
may be used to guarantee real-time and pause-less decoding
of FEC-encoded media data, and playback at the recervers.

The second parameter 1s advantageously applicable to real-
time sessions, but also to non-real-time sessions (e.g., file
download sessions). It may be used by a recerver to determine
its terminal capabilities against the session requirements, and
to allocate an adequate amount of memory to enable efficient
FEC data decoding.

Both parameters may preferably be session level-only
attributes. It 1s however not excluded to use them as media-
level attributes.

It may not be required that both parameters are present 1n
the FEC butifering attribute description. Also, a reference to a
previous FEC attribute may be created, by giving the FEC
encoding scheme used.

An example syntax for an FEC bullering attribute accord-
ing to the present invention i1s given below as:

a=FEC-Buf:”{”(scheme-value)”,” 0*1(delay-value)”,”’
0*1(memory-value)”’}” CRLF

wherein

scheme-value= %d

delay-value=%d

memory-value=%d

Examples for the use of the FEC butifering attribute accord-
ing to the present invention are given in the sequel.

Example 1

a=FEC-Buf: {127, 500, 1000000}

In this example, the sender tells to the recerver(s) that the
FEC scheme 127 produces 500 ms delay and requires
1000000 bytes of memory.

Example 2

a=FEC-Buf: {127, 500,}
In this example, the memory requirement parameter 1s
missing.

Example 3

a=FEC-Buf: {127, 1000000}

In this example, the delay parameter 1s missing.
4. Congestion Control Parameters

The congestion control attribute describes the congestion
control scheme used.

An example syntax for a congestion control attribute
according to the present invention 1s given in below as:

a=Congestion-Control-ID: value CRLF
wherein
value = %d / <> textstring <"">
textstring = 1*((0x01..0x09) / 0xOb / 0x0c /
(Ox0e..0x21)

/(0x023..0x1ih))

;any byte except NUL, CR, LL, *™°

Therein, value may be a numerical or alpha-numerical
value representing the Congestion Control scheme used. This
may be a session level-only attribute.
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5. Repair Parameters

These may preferably be session-level-only attributes. It 1s
however not excluded to use them as media-level attributes.
In the description which follows below, four attributes related
to repair parameters will exemplarily be defined.

5.1 URI of the Repair Server

The URI of the repair server attribute describes the address
of the repair server to be used by the recervers for establishing
a point-to-point or point-to-multipoint repair session.

An example syntax for the repair URI attribute according
to the present invention 1s given below as:

a=repair-URI: "uri=" <">URI <">CRLFE

wherein

URI = as defined 1n Request for Comments (RFC) document
2396

Therein, URI 1s a valid URI for the repair server, which
may be used by the recervers to establish a repair session.

There may be several instances of the “a=repair-URI”
attribute at the session level. The client may select the suitable
server based on the following criteria:

Server’s IP domain (e.g. network topology-wise closest
repair server), or

random.

An example for the use of the repair URI attribute accord-
ing to the present invention is:

a=repair-URI: un="www.repairserver.com”

The sender indicates 1n the above example the repair server
to be used by the receivers to establish a point-to-point repair
session 1n the case that the entire session i1s not received
correctly.

5.2 Error Rate Repair Threshold

The definition of SDP attributes related to an error rate
repair threshold includes two aspects as described below.

5.2.1 First Aspect: Usage of Four Values

The error rate repair threshold attribute may describe a
threshold beyond which the receivers should not request
repair requests.

An example syntax for the repair threshold syntax 1s given
below as

a=repair-threshold:”(”” valuel™,” value2 .’ value3 »,”
valued4 )"
wherein
valuel = %d
value2 = %d / float-value
value3 = %d

valued = %d / float-value
float-value = 1*DIGIT [ . 1*DIGIT]

Therein, valuel 1s the error unit used for the error rate
threshold. An example of the values that could be used for this
pUrpose 1s:

valuel =0;  bytes (per second)

valuel = 1;  bits (per second)

valuel = 2;  packets (per second)

valuel = 3;  percentage (e.g.. of lost bytes or packets) (per second)

Other values of the error unit are also possible. For
example, the same error units could be defined without the
“per second” indication:
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valuel = 0; bytes
valuel = 1; bits
valuel = 2; packets
valuel = 3; percentage (e.g., of lost bytes or packets)

value?2 1s the error value. For 1nstance, a value of 10 minutes,
2 Million bytes or 30 packets could be used for this. This
parameter should be user-defined.

value3 1s the measurement window unit. An example of
values that could be used for this purpose 1s:

value3d = 0; the measurement window unit 1s 1n seconds.
value3 = 1; the measurement window unit 1s in packets.
value3 = 2; the measurement window unit 1s 1n bits.
value3 = 3; the measurement window unit 1s in bytes.

value4 1s the quantity of the measurement window value. This
parameter describes the value of the measurement window.
For instance, it value3=0 and value4=4, this indicates a mea-
surement window of 4 seconds.

Thus, when using the “per second” indication, 1f valuel=0,
value2=10, value3=0 and value4=300, this signifies that the
threshold 1s an error of 10 bytes per second 1n a window o1 300
seconds. ITthe receiver observes errors beyond this threshold,
then 1t may be obliged to react as required.

Also, when not using the “per second” indication, 1f
valuel=0, value2=10, value3=0 and value4=300, this signi-
fies that the threshold 1s an error of 10 bytes 1n a window of
300 seconds. If the recerver observes errors beyond this
threshold, then 1t may be obliged to react as required.

In a preferred operation that uses multiple error thresholds,
these may be implicitly labelled 1n incremental order (0, 1,
2, ... n) according to the most challenging error threshold
criteria (1.€., the lowest error rate threshold) to the least chal-
lenging (1.¢., the highest error rate threshold). Such that, to
experience reception with an error rate below the highest
error rate (e.g., less than a threshold of 0.000001 bits per
second) would be 1dentified as error rate 0, to the next most
challenging criteria (e.g., less than 0.01 bits per second, but
more than 0.000001 ) would be 1dentified as errorrate 1 and so
on until the least challenging reception criteria (exceeding all
the thresholds) earns the label “error rate n”. Note that, the
number of thresholds specified 1s n+1 according to this label-
ling and may be invariable. The significance of this virtual

labelling 1s to map the error thresholds to the different backoif
modes that might be employed.

To anyone skilled in the art, 1t will be clear that several
enumerations of valuel, value2, value3, and value4 are pos-
sible and are within the scope of this invention. For example
value3=0 (measurement window unit 1s in packets); value3=1
(measurement window unit 1s in seconds) 1s a different enu-
meration to the one 1n the example above.

It 1s important to note that several value quadruples may be
given. One example 1s a=repair-threshold: “(A,B,C.D) (W, X,
Y.7Z)”. Another example 1s a=repair-threshold: “(A,B,C,D)”
followed by a=repair-threshold: “(W.,X,Y,Z)”. This may
enable a host to understand multiple threshold values. In a
preferred embodiment using multiple thresholds, the thresh-
old values may be linked to back-oil modes, as will be
explained 1n more detail below. A simple an elegant method
for this would be that the order of the quadruple determines
the mode of behaviour of the recerver. Thus, (exceeding) the
first threshold specified (threshold 1) corresponds to the first
back-oil mode specified (back-oif 1) and so on.
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An example for the use of this repair threshold attribute
according to the present invention 1s:
a=repair-threshold: (0, 10, 0, 300)

In this example, the sender indicates the recervers that the
repair threshold 1s 10 bytes per second with a window of 300

seconds.
5.2.2 Second Aspect: Usage of One Value

It 1s important to point out that the syntax example com-
prising four values 1s not restricting the applicability of the
error threshold attribute for more simple cases. For instance,
also the usage of a single value may be possible, as 1s exem-
plarily depicted below as:

a=repair-threshold: value
wherein
value = %d / float-value

float-value = 1*DIGIT [ 7. 1*DIGIT]

It 1s 1mportant to underline that there exist a mapping
between the first aspect (four values, see above clause 2.1)
and the second aspects (one value, see present clause 2.2), 1n
that the second aspect represents a specialization of the first
aspect. In fact, 1t 1s possible to express simple error rates (such
as 5%) according to both the first and second aspect of this
ivention.

An example for the use of this repair threshold attribute
according to the present invention 1s:
a=repair-threshold: 5

In this example, 11 it 1s clear that the error rate 1s measured
in units of packet loss rate, then the sender imndicates to the
receivers that the repair threshold 1s 5% packet loss rate.

5.3 Back-Off Modes

Three possible definitions for a back-off mode attribute,
depending on the number of parameters, will be presented
below (5.3.1, 5.3.2, and 5.3.3).

5.3.1 First Back-oif Mode Attribute

The back-off mode attribute (equivalent names may be
suppression mode, response timing mode, time dispersion
function, or time spread function) describes the way a sender
tells the recetvers when to start the request for repair opera-
tion, or how to compute this starting time. This may include
the signalling of a single value (in time units) over which the
receivers may randomize the repair request starting time, or a
set ol values that might enable arecerver to compute the repair
starting time (e.g., a more complex set of thresholds or the
number of receivers involved 1n the multicast transmission).

A scheme similar to the one defined for the error rate
threshold may also be used with a set of modes. An example
syntax for a backoil mode attribute according to the present
invention 1s given below as:

a=backoff-mode:*("valuel”, “value2”, “value3™)”
wherein

valuel = %d / float-value

float-value = 1*DIGIT [ =" 1*DIGIT]

value?2 = %d

value3 = %d

Therein, valuel 1s the measurement unit. An example of
values that could be used for valuel 1s:

valuel =0; the unit the relative time 1n seconds,
valuel the unit 1s the absolute NTP time,
valuel = 2; the unit is bytes,

valuel = the unit 1s bits, or

valuel = the unit 1s packets.
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value?2 1s the measurement value. For instance, 10 seconds, 20
bytes, 30 packets. This value may represent an offset value
and may be negative. It should be noted that for a measure-
ment of time, this value can be absolute or relative. Where
session lengths are of finite and relatively short time, the best
mode for relative may be relative to the end of the session (as
advertised 1n the descriptor). For never ending sessions (not

MBMS), the end of another entity (such as the end of a
transmission object signalled by a transport header flag) may
be used.

value3 represents a window. The unit for this may be the
same as for value2, 1.e. that defined by valuel.

In an alternative embodiment of this invention, a smaller
number of parameters than three may also be possible. For
instance, the presence of only 2 parameters may indicate that
it 1s defaulted to relative time. Likewise, just one parameter
could indicate relative time with zero offset.

For example, a=backoilf-mode: (0, 60,120) would indicate
that a device using this mode would calculate the time at
which to send a message (e.g. repair request), preferably
randomized with uniform distribution, between 60 seconds
and 180 (=60+120) seconds from the end of the advertised
session (or another relevant entity).

In a preferred operation, the back-oilf modes may be
implicitly labelled 1n incremental order (O, 1, 2, . . ., m)
according to the order of presentation in the description
instance. Such that, the first mode described (e.g., from the
start of an SDP file) would be 1dentified as mode O, the next to
appear would be 1dentified as mode 0 and so on until the last
mode described earns the label “modem™. The significance of
this virtual labelling 1s to map from the error rate threshold (as
defined above), which may tell the receiver which mode to
employ. Thus, 1t error rate 1 1s experienced, the receiver may
employ back-oif mode 1. Good design may ensure that the
number of modes (m+1) equals the number of error rate
thresholds specified. However, to avert unnecessary error
conditions: where n>m, the mode m may be used for all error
rates m and greater; and where n<m the back-oif modes n+1
to m may be silently 1ignored. Note that, the purpose of mul-
tiple modes depending on error rate criteria 1s to allow quick
and slow repair types of service, which may maximize user
percerved QoS over the whole multicast/broadcast group, by
allowing the users with the least demanding repair require-
ment priority i repair scheduling. Thus, for this case, 1t may
make sense to ensure that mode O provides the most timely-
carly-repair and mode m the least timely. However, this 1s not
mandatory so that alternative schemes are also allowed.

For example, a=backoif-mode: (0, 0, 60), a=backoil-
mode: (0, 60, 120) would indicate that a device using the first
mode would send its message sometime between 0 and 60
seconds from the end of the session and a device using the
second mode would send i1ts message sometime between 60
and 120 seconds from the end of the session. The example
shows non-overlapping message windows, although overlap-
ping windows (across diflerent modes) are also 1n the scope of
this 1nvention.

An alternative operation is to add a 4™ value to each back-
off-mode line which may give the mode label either as an
integer number—which may be mapped to error rate as
above—or as some other label which requires a similar label
to be erther introduced to the error-threshold lines or a sepa-
rate mapping descriptor to also be used.

An example for the use of this back-oil mode attribute
according to the present mvention, in combination with the
use of the repair threshold attribute, 1s
a=backoil-mode: (0, 0, 30)
a=repair-threshold: (1, 10, 0, 100)
a=backoil-mode: (0, 30, 60)
a=repair-threshold: (1, 20, 0, 100)
a=backoil-mode: (0, 60, 240)

[l
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In this example, 1f the error rate 1s less than 10 bits per
second (over a 100 second sliding time window) then the
receivers should randomize the starting time of the repair
request between the end of the delivery session and 30 sec-
onds. I the error rate 1s 10 bits per second or greater but less
than 20 bits per second, then the receivers should wait 30
seconds after the end of the delivery session, and then ran-
domize the repair request between the end of the 30 seconds
waiting time and 60 more seconds (1.e. between 30 and 90
seconds after the end of the session). If the error rate 1s 20 bits
per second or greater, then the receivers should wait 60 sec-
onds after the end of the delivery session, and then randomize
the repair request between the end of the 60 seconds waiting,
time and 240 more seconds (1.¢. between 60 and 300 seconds
alter the end of the session).

Note that, the receiver interpretation of the above example
1s 1dentical to that of this alternative ordering;:
a=repair-threshold: (1, 10, 0, 100)
a=repair-threshold: (1, 20, 0, 100)
a=backofif-mode: (0, 0, 30)
a=backoil-mode: (0, 30, 60)
a=backofif-mode: (0, 60, 240)

5.3.2 Second Back-oif Mode Attribute

An alternative back-oif operation according to the present
invention may obey the following rule:
if below the threshold error rate then

“uniformly randomize the NACK(s) over a time period X,

starting from the end of the mitial delivery session”™
clse

“must wait until after a certain time Y after the initial

session ends, and then randomize the NACK(s) over a
time period Z7.

Therein, a negative-acknowledgement message (NACK)
may for mstance correspond to starting a request for a repair
SESS101.

This alternative back-oif operation requires the description
of some SDP parameters. Here the parameters are ERROR
RATE, X, Y and Z, where ERROR RATE 1s expressed 1n the
same units as the error rate threshold defined above, and X.Y,
/. and expressed in units of time (e.g., 1n seconds). An
example syntax for such a back-oil mode attribute according
to the present invention 1s provided below as:

a=backoff-mode:*("valuel™, “value2™, “value3™,
“valued’)”

wherein

valuel = %d / float-value

float-value = 1*DIGIT [ .7 1*DIGIT]

value? = %d
value3 = %d
valued = %d

Therein, valuel 1s the error rate as defined above 1n the
error rate repair threshold. value2 1s the back-off time i1 the
error rate 1s below value, since the end of the delivery session.
value3 1s the waiting time 1n case the error rate exceed the
threshold given by valuel. value4 1s the back-oil time 1t the
error rate 1s above value. It can be a displacement value
relative from value3 after the end of the delivery session, or a
displacement value relative to the end of the delivery session
(in the latter case value4>value2).

Multiple a-lines with the back-off mode attribute define an
array of conditions and are also possible.

Examples for the use of this back-oif mode attribute are:

Example 1

a=backoil-mode: (35, 10, 20, 30)
In this example, if the error rate 1s less than 5%, the rece1v-
ers should randomize the starting time of the repair request
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between the end of the delivery session and 10 seconds. It the
error rate 1s greater than 5%, the receivers should wait 20
seconds aifter the end of the delivery session, and then ran-

domize the repair request between the end of the 20 seconds
waiting time and 30 seconds.

Example 2

a=backoil-mode: (5, 10, 20, 30)
a=backoil-mode: (10, 20, 30, 60)

This example contains multiple a lines with the same
attribute. In addition to the rule defined in Example 2 for 5%
error rate, the second rule 1s made for handling cases of 10%
error rate, with similar semantics as 1n the previous example.
5.3.3 Third Back-oil Mode Attribute

It 1s important to point out that the above syntax example 1s
not restricting the applicability of the back-off mode attribute
for simple cases. For instance, also the usage of a single value
1s possible, as 1s exemplarily given below as:
a=backoil-mode: “(” [*“+”’] value *)”
wherein
value=% d

Therein, 11 “+” 1s used, a relative time from the reception of
the SDP 1s considered. In this case, the sender may tell the
receivers to start the repair session at a random time between
the end of the session and value (expressed i seconds). IT “+”
1s not used, then an absolute N'TP time unit 1s used.

value may also be defined as the maximum repair avail-
ability time (the time until the repair operation 1s possible),
and 1t may preferably expressed in NTP time. In this case a
lazy repair might be enabled.

Furthermore, the sender may also signal via SDP the num-
ber of recervers that have joined a multicast session, being this
a number that can be given 1n input (together with the random
time above) to the function that calculates the back-ofl time
for the start of the repair session.

Examples for the use of this back-oil mode attribute are:

Example 1

a=backoil-mode: (+500)
In this example the sender tells the receivers to start the

repair session at a random time between the end of the session
and 500 seconds.

Example 2

a=backoil-mode: (+500)
a=backolil-mode-users:5000

In this example the sender tells the recervers to compute the
back-off time taking into account that there are 5000 users
that have joined the multicast session.
5.4 Repair Type Parameter and Repair Token Parameter

This parameter describes both the repair type (1.e. point-
to-multipoint repair, point-to-point repair, both) as well as the
repair token. The first 1s used to describe what type of repair
1s possible. The second describes how a specific object (e.g.,
a file) 1s going to be repaired (1.e., the repair type), and what
parts of the object are going to be repaired (for example, 1T
point-to-multipoint repair 1s used). There may be multiple
repair-token attribute listings. This attribute may be at session
level or media level.

An example syntax for the repair type attribute according
to the present ivention 1s given as:

a=repair-type-param: repair-type
wherein
repair_type —_ iﬁptp!'!' / li"iptl.l.l!':' / iﬁbﬂthﬁﬂ
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and of the repair token attribute according to the present
invention 1s given as:

a=repair-token:”{” repair-type *(*,” entity) }”
wherein
repair-type = “ptp” / ptm” / “both”
entity = (’(” File-ID [ *(,(” SBN *( ,” ESI) )" ) /
(*(, (first_byte_position="
first_byte_position ”,number_of bytes="
number_of bytes ) )" ) ])”)
FILE-ID = <’>textstring <>
SBN = (%d) / (" %d *(,” %d) )”) /(7("%d "— %d *))
ESI = (%d) / (" %d *(, %d) )") /(7 ("%d ”— %d ”’)”)
first_byte_position = %d
number_of bytes = %d
textstring = 1*((0x01. .0x09) / 0xOb / 0x0c /
(0x0e..0x21)
/(0x023. .0xtl))
;any byte except NUL, CR, LLE, * ™~

Therein, SBN 1s the Source Block Number, and ESI i1s the
Encoding Symbol ID. The ESI and SBN may be 1n pairs and
the ESI and SBN may be a range or a list of ranges. However,
the ESI may not be present alone 1n this descriptor.

The repair token may be sent per each object (e.g., file).
Note that, generally the File-ID text string 1s expected to be a
URI or part thereof.

An example for the use of the repair type attribute 1s:
a=repair-type-param: ptm

In this example, 1t 1s told to the recervers that the repair will
be performed via point-to-multipoint.

Examples for the use of the repair token attribute are:

Example 1

a=repair-token: {ptm, (“http://www file.com/file3.3gp”, (10,
20), (12, 134)}
In this example, the repair 1s done via point-to-multipoint
tor the file indicated. The blocks that are going to be repaired

are those with SBN 10 and ESI 20, and SBN 12 and ESI 134.

Example 2

a=repair-token: {ptm, (“http://www.file.com/file3.3 gp”, (10-
14), (16,34))}
In this example, the repair 1s done via point-to-multipoint

tor the file indicated. The blocks that are going to be repaired
are those for SBNs 10 to 14 and ESI 34 of SBN 16.

Example 3

a=repair-token: {ptm, (“http://www.file.com/file3.3gpp”.

“first_byte_position=10,number_of bytes=150")}

In this example, the repair 1s done via point-to-multipoint
tfor the file indicated. The number of bytes to be repaired are
150, starting from byte 10.

6. Multiple Channels

The definition of SDP attributes related to multiple chan-
nels includes three aspects as will be described below.
6.1 First Aspect

The multiple channel attribute describes the number of
channels used by the sender to transmit. It may also be used to
check the number of channels against the SDP m-lines.

An example syntax according to the present imnvention 1s
given below as:
a=flute-ch: value CRLF
wherein
value=% d
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Therein, value 1s the number of channels used by the sender
to transmit data 1n a FLUTE session. This parameter may
indicate to the receivers that the sender i1s using multiple
channels 1n the FLUTE session to transmit data. This may
also indicate the number of channels used by the sender. The
value specified by this descriptor may be used by a receiver to
check that 1t has recerved all the m-lines describing the des-
tinations. For example, if the value of this parameter 1s 2, then
there should be 2 channels specified by the m-lines.

6.2 Second Aspect

Further, the TSI attribute according to the present invention
describes the value of the Transmission Session Identifier
(TSI) for the session. An exemplary syntax for this TSI
attribute 1s given as:
a=flute-ts1: value CRLF
wherein
value=% d
6.3 Third Aspect

In this mvention, also a novel media descriptor (m-line)
and connection data (c-line) used to indicate the presence of
a FLUTE session on a certain channel 1s introduced. This 1s
done by using the m-line 1 an SDP description as shown 1n
the following example:

m=data 12345 FLUTE/UDP 0O
c=IN IP6 FF1E:03AD::7F2E:172A:1E24/1

In the above SDP media descriptor (m-line) and connection
data (c-line), the m-line indicates the media used and the
c-line indicates the corresponding channel. Thus, in the above

example, the m-line indicates that the media 1s transported on
a channel that uses FLUTE over UDP. Further, the c-line
indicates the channel address, which, 1n this case, 1s an IPv6
address.

An example for the use of the attributes related to multiple
channels according to the above-mentioned three aspects 1s

v=0

o=userl23 2890844526 2890842807 IN IP6
2201:056D::112E:144A:1E24

s=Fl1le delivery session example

i=More information

t=2873397496 2873404696

a=source-filter: incl IN IP6 *
2001:210:1:2:240:96FF:FE25:8EC9

a=flute-tsi: 3

a=flute-ch: 2

m=data 12345 FLUTE/UDP 0

c=IN IP6 FF1E:03AD::7F2E:172A:1E24/1

m=data 12346 FLUTE/UDP 0

c=IN IP6 FF1E:03AD::7F2E:172A:1E30/1

The sender indicates 1n the above example that 1t waill
transmit data in the FLUTE session on two channels (a=tlute-
ch:2). The sender then specifies the channels. These channels
are imndicated in the line ¢c=IN IP6 FF1E:03AD::7F2E:172A:
1E30/1. This also shows to the receivers that the channels are
two (maybe more 1n other cases) consecutive channels. The
attribute TSI defined 1n the line a=tlute-ts1:3 describes the TSI
(Transmission Session Identifier) for the session. The
attribute defined 1n the line a=source-filter: incl IN IP6*2001:
210:1:2:240:96FF:FE25:8EC9 describes a source {ilter. In
this example the sender indicates that the receivers should
include the given IP address (2001:210:1:2:240:96FF . FE23:
SEC9) 1mto the session. This pair of the (source IP address,
TSI) together uniquely 1dentifies a session. It should be noted
that although other possibilities may be used, in this case only
the 1ncl and * attributes may be used 1n the above descriptor.

The line m=data 12345 FLUTE/UDP 0 1s a novel addition to
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indicate the media used for the channel. In this example, there
are two ‘m’ lines for the two channels described.

To s1gnal to the receivers the parameters to be used 1n the
situation when a repair session outside of the described
FLUTE session may be required, the sender uses the SDP
attributes defined 1n section 7 for session repair. These param-
cters allow the recervers to locate the correct repair server,
allows the sender to set a pre-defined repair threshold and
allows the sender to define the repair type and other param-
eters.

7. Content Description Pointer

The content descriptor pointer attribute describes how the
sender indicates to the recervers the URI where the content
description 1s stored.

An example syntax for the content descriptor pointer
attribute according to the present invention 1s below as:
a=content-desc: “un="<">URI<">CRLF
wherein
URI=as defined in RFC 2396

Therein, URI 1s a valid URI for the Content Description.
The URI may be an Extended Markup Language (XML)
schema such as a File Description Table (FDT) XML schema,
an entry point to an Internet Media Guide (IMG) data model
or other such entry point to a schema or data model. A person
skilled 1n the art will be able to find other alternatives using
this method.

FIG. 1 depicts a flowchart of a possible embodiment of a
method according to the present invention. In a first step 801,
a physical or logical connection 1s established between the
sender and the receivers. In a second step 802, then session
parameters, as for instance information on an FEC encoding
scheme that will be applied 1n a transmission session or infor-
mation related to the bulfering requirements at the receiver
site, are communicated from the sender to the receivers via
the communication protocol, for istance SDP. In this case,
said session parameters may then be communicated via SDP
attributes as exemplarily defined 1n the above description of
the present mvention. After these session parameters have
been received and processed at said recervers, 1n a step 803,
the point- to-multlpomt transmission of common data from
the sender to the receivers 1s performed, which 1s at least
partially defined by said session parameters.

FIG. 2 schematically depicts a possible embodiment of a
system according to the present invention. The system com-
prises a sender 902, a network 903 and recervers 901-1, 901-2
and 901-3. Said sender 903 may for mstance be an MBMS
server. From a communication unit of said sender 903, data 1s
transmitted to reception units of said receivers 901-1, 901-2
and 902-3 via said network 903, which may for instance be an
IP based broadcast/multicast network, within a point-to-mul-
tipoint session. Prior to said point-to-multipoint session, ses-
s1on parameters are communicated from said sender 903 to
said recetvers 901-1, 901-2 and 901-3 via said communicated
protocol, which may for instance be the SCP.

From the examples presented above, it should be readily
seen that the present invention provides significant advan-
tages at least with respect to the following aspects:

The invention provides methods for sending to the receiv-
ers, outside ol a FLUTE session, parameters required for the
reception of the session at the receivers.

The invention also provides a method of sending param-
eters to receivers that are required for establishing point-to-
point repair sessions 1n a situation where the recerver does not
receive all the required data during the session. Once again,
these parameters are by nature required to be sent outside the
session. The use of SDP for sending these parameters to the
receivers provides an 1deal method to achieve the same.
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Furthermore, the invention enables simple and powertully
scalable multiple-back-ofi-algorithms to be employed
according to diflerential reception recovery demands, 1n par-
ticular by linking different error thresholds to respective
back-oil modes.

The mnvention has been described above by means of
examples and preferred embodiments. It should be noted that
there are alternative ways and variations which will be evi-
dent to a skilled person in the art and can be implemented
without deviating from the scope and spirit of the appended
claims. In particular, the present invention is applicable to all
types ol broadcast/multicast systems over IP networks, and 1t
1s not restricted to mobile networks or 3GPP MBMS systems.
Furthermore, the present invention 1s by no means restricted
to FLUTE sessions, but may equally well be applied to other
types of sessions.

The invention claimed 1s:

1. A method comprising;:

receving, at a receiver, a backoll mode attribute and a
repair threshold attribute, wherein said backoil mode
attribute specifies a backoil mode that provides infor-
mation on when a recerver that did not correctly receive
data sent to a plurality of receivers 1n a transmission
session can start a request for a repair session, wherein
said repair threshold attribute specifies an error thresh-
old related to a reception quality of said data received 1n
said transmission session, wherein a plurality of backoit
modes and a plurality of error thresholds 1s used for said
transmission session, and wherein at least one of said
error thresholds 1s linked to at least one of said backoil
modes, respectively,

determining whether said receiver correctly recerved said
data sent 1n said transmission session; and

in response to determining that case said recerver did not
correctly receive said data sent in said transmission ses-
S101:;

determining an error threshold for said receiver,

determining the backoil mode linked to the determined
error threshold,

requesting a repair session accordmg to the determined
backolil mode, wherein 1n said repair session, at least a
part of said data sent to said plurality of recervers 1n said
transmission session being sent at least to said receiver,
and

recerving data 1n said repair session.

2. The method according to claim 1, wherein said data 1s
transmitted 1n said transmission session to said plurality of
receivers at least partially over a wireless network.

3. The method according to claim 2, wherein said wireless
network 1s a mobile network that at least partially implements
the Multimedia Broadcast/Multicast Service as defined by the
Third Generation Partnership Project.

4. The method according to claim 1, wherein said trans-
mission of said data 1n said transmission session to said plu-
rality of receivers 1s at least partially controlled by the File
Delivery Over Unidirectional Transport protocol.

5. A non-transitory computer readable storage medium
comprising a computer program with instructions operable to
cause a processor to perform the method of claim 1.

6. An apparatus, comprising;

a computer processor configured to cause data to be com-
municated to a plurality of receivers 1n a transmission
session and further configured to cause to be communi-
cated, to said plurality of receivers, a backoil mode
attribute and a repair threshold attribute, wherein said
backoil mode attribute specifies a backoil mode that
provides mformation on when a receiver that did not
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correctly receive said data sent in said transmission ses-
s1on can start a request for a repair session, wherein said
repair threshold attribute specifies an error threshold
related to a reception quality of said data received 1n said
transmission session, wherein a plurality of backoif
modes and a plurality of error thresholds 1s used for said
transmission session, wherein at least one of said error
thresholds 1s linked to at least one of said backoif modes,
respectively, thus allowing said recerver to request said
repair session according to the backoif mode linked to an
error threshold determined by said recerver, and wherein
in said repair session, at least a part of said data sent 1n
said transmission session being sent at least to said
receiver.

7. An apparatus, comprising;

a reception umit comprising a receiver configured to
receive, at [a] the receiver, a backoff mode attribute and
a repaitr threshold attribute, wherein said backoif mode
attribute specifies a backoil mode that provides infor-
mation on when [a] #ze receiver that did not correctly
receive data sent to a plurality of recervers 1n a transmis-
s1on session can start a request for a repair session,
wherein said repair threshold attribute specifies an error
threshold related to a reception quality of said data
received 1n said transmission session, wherein a plural-
ity of backoff modes and a plurality of error thresholds 1s
used for said transmission session, and wherein at least
one of said error thresholds 1s linked to at least one of
said backoll modes, respectively,

said apparatus further comprising:

a processor configured to determine whether said reception
unit correctly recerved said data sent in said transmission
session, 1n response to determining that said reception
umt did not correctly receive said data sent in said trans-
mission session, determine an error threshold for said
recelver, determine the backoif mode linked to the deter-
mined error threshold, and request a repair session
according to the determined backoil mode, wherein 1n
said repair session, at least a part of said data sent in said
transmission session being sent at least to said recerver,
and

wherein said reception unit 1s further configured to receive
data in said repair session.

8. The apparatus according to claim 6, wherein said data 1s
transmitted 1n said transmission session to said plurality of
receivers at least partially over a wireless network, and
wherein said wireless network 1s a mobile network that at
least partially implements the Multimedia Broadcast/Multi-
cast Service as defined by the Third Generation Partnership
Project.

9. The apparatus according to claim 6, wherein said trans-
mission of said data 1n said transmission session to said plu-
rality of receivers 1s at least partially controlled by the File
Delivery Over Unidirectional Transport protocol.

10. The apparatus according to claim 7, wherein said data
1s transmitted 1n said transmission session to said plurality of
receivers at least partially over a wireless network, and
wherein said wireless network 1s a mobile network that at
least partially implements the Multimedia Broadcast/Multi-
cast Service as defined by the Third Generation Partnership
Project.

11. The apparatus according to claim 7, wherein said trans-
mission of said data 1n said transmission session to said plu-
rality of recervers 1s at least partially controlled by the File
Delivery Over Unidirectional Transport protocol.
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12. The apparatus according to claim 7, wherein said back-
off mode attribute and said repair threshold parameter are
communicated before or during an establishment of said

transmission session.

13. The apparatus according to claim 7, wherein said data
1s transmitted 1n said transmission session to said plurality of
receivers at least partially over a wireless network.

14. A method comprising;:

causing data to be communicated to a plurality of recervers

in a transmission session and causing to be communi-
cated, to said plurality of receivers, a backoil mode
attribute and a repair threshold attribute, wherein said
backoil mode attribute specifies a backoil mode that
provides mformation on when a receiver that did not
correctly receive said data sent in said transmission ses-
s1on can start a request for a repair session, wherein said
repair threshold attribute specifies an error threshold
related to a reception quality of said data recerved 1n said
transmission session, wherein a plurality of backoif
modes and a plurality of error thresholds 1s used for said
transmission session, wherein at least one of said error
thresholds 1s linked to at least one of said backoit modes,
respectively, thus allowing said receiver to request said
repair session according to the backoiif mode linked to an
error threshold determined by said receiver, and wherein
in said repair session, at least a part of said data sent 1n
said transmission session being sent at least to said
receiver.

15. A non-transitory computer readable storage medium
comprising a computer program with instructions operable to
cause a processor to perform the method of claim 14.

16. The apparatus according to claim 6, wherein said com-

munication unit 1s configured to communicate said backoil
mode attribute and said repair threshold attribute as attributes
of the Session Description Protocol.

17. The apparatus according to claim 7, wherein said recep-
tion unit 1s configured to recerve said backoil mode attribute
and said repair threshold attribute as attributes of the Session
Description Protocol.

18. The method according to claim 14, wherein said back-
ol mode attribute and said repair threshold attribute are com-
municated as attributes of the Session Description Protocol.

19. The apparatus according to claim 6, wherein said back-
off mode attribute and said repair threshold attribute are com-
municated to said receiver before or during the establishment
ol said transmission session.

20. The method according to claim 14, wherein said back-
ofl mode attribute and said repair threshold attribute are com-
municated to said receiver belfore or during the establishment
of said transmission session.

21. The method according to claim 1, wherein said recerv-
€rs are user equipment.

22. The apparatus according to claim 7, wherein said
receivers are user equipment.

23. The method according to claim 14, wherein said recerv-
€rs are user equipment.

24. The method according to claim 14, wherein said data 1s
transmitted in said transmission session at least partially over
a wireless network, and wherein said wireless network 1s a
mobile network that at least partially implements the Multi-
media Broadcast/Multicast Service as defined by the Third
Generation Partnership Project.

25. The method according to claim 14, wherein said trans-
mission of said data 1n said transmission session 1s at least
partially controlled by the File Delivery Over Unidirectional
Transport protocol.




US RE45,352 E

25

26. The method according to claim 1, wherein said backoif
mode attribute and said repair threshold attribute are commu-
nicated to said plurality of recervers before or during the
establishment of said transmission session.

277. The method according to claim 1, wherein said backoif
mode attribute and said repair threshold attribute are recerved
as attributes of the Session Description Protocol.

28. The method according to claim 1, wherein an entering,
into said repair session by said recerver depends on a rela-
tionship between a reception quality of said data recerved by
said recerver within said transmission session and said error
threshold.

29. The method according to claim 1, wherein said error
threshold 1s quantified in terms of an error unit, an error value,
a measurement window umt and a measurement window
value.

30. The method according to claim 1, wherein said error
thresholds are explicitly or implicitly labelled.

31. The method according to claim 1, wherein at least two
of said error thresholds are linked to at least two of said
backoll modes, respectively.

32. The method according to claim 1, wherein said backodif
modes are assigned to a recerver 1n dependence on a relation-
ship between a reception quality of said data recerved by said
receiver during said transmission session and a reception
quality as demanded by said error thresholds.

33. The method according to claim 1, wherein said infor-
mation 1s represented by a backoll umit, a backoil value and a
backoil window.

34. The method according to claim 1, wherein said infor-
mation 1s represented by a variable that indicates i1 absolute
or relative timing 1s used, and a time value.

35. The method according to claim 1, wherein said infor-
mation comprises an error threshold and three values X, Y and
7., and wherein at said recetver, if a reception quality of said
data as received by said receiver within said transmission
session 1s better than a reception quality dictated by said error
threshold, said request for said repair session is started ran-
domly within a time interval of duration X, wherein said
interval starts at the end of said transmission session; and
otherwise said request for said repair session 1s started ran-
domly within a time period betweenY andY +7, wherein'Y 1s
counted from the end of said transmission session.

36. The method according to claim 1, further comprising
receiving a repair type parameter attribute that specifies 1
said repair session can be a point-to-point session, a point-to-
multipoint session, or both.

37. The method according to claim 1, further comprising,
receiving a repair token attribute that specifies at least one of
the type of said repair session, and information on which parts
of said data that 1s not correctly received at least one of said
plurality of recervers within said transmission session will be
transmitted from said repair server to said at least one receiver
within said repair session.

38. The apparatus according to claim 7, wherein an enter-
ing 1nto said repair session by said receiwver depends on a
relationship between a reception quality of said data received

by said receiwver within said transmission session and said
error threshold.
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39. The apparatus according to claim 7, wherein said error
threshold 1s quantified in terms of an error unit, an error value,
a measurement window unit and a measurement window
value.

40. The apparatus according to claim 7, wherein said error
thresholds are explicitly or implicitly labelled.

41. The apparatus according to claim 7, wherein at least
two of said error thresholds are linked to at least two of said
backoll modes, respectively.

42. The apparatus according to claim 7, wherein said back-
off modes are assigned to a receiver in dependence on a
relationship between a reception quality of said data received
by said recerver during said transmission session and a recep-
tion quality as demanded by said error thresholds.

43. The apparatus according to claim 7, wherein said infor-
mation 1s represented by a backodl umit, a backoil value and a
backoil window.

44 . The apparatus according to claim 7, wherein said infor-
mation 1s represented by a variable that indicates 11 absolute
or relative timing 1s used, and a time value.

45. The apparatus according to claim 7, wherein said infor-
mation comprises an error threshold and three values X, Y and
7., and wherein at said recetver, i a reception quality of said
data as received by said receiver within said transmission
session 1s better than a reception quality dictated by said error
threshold, said request for said repair session 1s started ran-
domly within a time interval of duration X, wherein said
interval starts at the end of said transmission session; and
otherwise said request for said repair session 1s started ran-
domly within a time period between Y and Y+Z, wherein'Y 1s
counted from the end of said transmission session.

46. The apparatus according to claim 7, wherein said recep-
tion unit 1s further configured to receive a repair type param-
cter attribute that specifies 1 said repair session can be a
point-to-point session, a point-to-multipoint session, or both.

4'7. The apparatus according to claim 7, wherein said recep-
tion unit 1s further configured to receive a repair token
attribute that specifies at least one of the type of said repair
session, and information on which parts of said data that 1s not
correctly received at least one of said plurality of recervers
within said transmission session will be transmitted from said
repair server to said at least one receiver within said repair
SESS101.

48. The apparatus according to claim 6, wherein said
receivers are user equipment.

49. The apparatus according to claim 6, wherein an enter-
ing into said vepair session by said receiver depends on a
relationship between a reception quality of said data veceived
by said receiver within said transmission session and said
error threshold.

50. The apparatus according to claim 6, wherein at least
two of said error thresholds arve linked to at least two of said
backolf modes, respectively.

51. The apparatus according to claim 6, wherein said back-
off modes are assigned to a receiver in dependence on a
relationship between a reception quality of said data veceived
by said receiver during said transmission session and a
reception quality as demanded by said error thresholds.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the claims:

Column 22,
Line 34, “that case said receiver” should read --that said receiver--.

Column 25,
Line 51, “received at least” should read --received at at least--.

Column 26,
Line 40, “received at least” should read --received at at least--.
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