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Description

Field of the invention

[0001] The invention relates to controlling streaming
of content, and, in particular, though not exclusively, to
methods for enabling network-initiated control of stream-
ing of segmented content, a client for use in a content
processing device for controlling reception of segmented
content, a control channel server function and a data
structure for enabling network-initiated control of stream-
ing of segmented content and a computer program prod-
uct using such method.

Background of the invention

[0002] Currently an increasing number of video
streaming techniques make use of so-called content seg-
mentation wherein content data, e.g. video data, are log-
ically or virtually split into several segment files or
streams, thus generating segmented content. A segment
file may relate to a file comprising content data, which
may be retrieved by a file retrieval protocol, e.g. HTTP
or FTP. Similarly, a segment stream may relate to a
stream comprising content data which may be retrieved
by a streaming protocol, e.g. RTSP/RTP or HAS. Seg-
ment files or streams (hereafter in short also referred to
as segments) can be delivered to a client separately, but
when recombined at the client they provide a seamless
video stream.
[0003] During the content segmentation process a so-
called manifest file is generated that identifies segments
and describes the relation between the different seg-
ments and the location(s) where the segments may be
retrieved. Segmented content can be provided in several
representations, e.g. alternative versions of the same
content that differ for example in resolution, the number
of audio channels and/or a different bitrate. All represen-
tations are temporally aligned such that segments of dif-
ferent representations can be interchanged seamlessly.
Streaming of segmented content in different representa-
tions is referred to as adaptive streaming wherein an
adaptive streaming protocol such as HTTP adaptive
streaming (HAS) and related protocols may be used.
[0004] HAS enables the delivery of (live) video by
means of the HTTP protocol, by transmitting the video in
segments that are independently requested by the client
from a web server. Various commercial and standardized
HAS protocols exist, such as Apple HTTP Live Streaming
http://tools.ietf.org/html/draft-pantos-http-live-stream-
ing-07, Microsoft Smooth Streaming ht-
tp://www.iis.net/download/ SmoothStreaming, Adobe
HTTP Dynamic Streaming http://www.adobe.com/prod-
ucts/ httpdynamicstreaming, 3GPP-DASH TS 26.247
Transparent end-to-end Packet-switched Streaming
Service (PSS); Progressive Download and Dynamic
Adaptive Streaming over HTTP] and MPEG Dynamic
Adaptive Streaming over HTTP MPEG DASH ISO/IEC

23001-6).
[0005] Segmented content may be used to dynamical-
ly adapt to changing bandwidth requirements, e.g. by
switching from a high to a low quality video stream. More-
over, segmented content may also allow for discriminat-
ing between popular and less popular (video) segments.
For example, typically content associated with the begin-
ning of a video (such as trailers) will be watched more
often (and thus more popular) than content at the end.
Similarly for some use cases, low-bitrate lower-quality
video content (e.g. the lowest resolution HAS segments)
will likely be downloaded more frequently than high qual-
ity content (e.g. higher-resolution HAS segments), which
may be more expense or demands more from the receiv-
ing device or requires more bandwidth. The above-men-
tioned properties of segmented content may be advan-
tageously used by a content delivery network (CDN),
which is configured to deliver content to a consumer. A
CDN may for example store popular, more frequently re-
quested content segments at multiple delivery nodes in
the CDN so that bandwidth problems may be reduced
and efficient delivery is guaranteed. A CDN control func-
tion (CDNCF) may centrally manage the locations within
the CDN, hereafter referred to as delivery nodes, where
content segments associated with a content item (such
as a video or movie) may be retrieved (get).
[0006] Although a lot of different streaming protocols,
such as RTP/RTSP or RTMP, may be used for imple-
menting streaming of (segmented) content to a client,
HTTP or HTTP-based streaming protocols are the most
widely used within a CDN. These streaming protocols
use standard HTTP - a stateless, client-server protocol
- to request and receive content segments from a server
not requiring new functionality and allowing for segments
to be cached transparently. Moreover, unlike most other
streaming solutions, HTTP traffic as such is usually not
automatically blocked by firewalls or network address
translators (NATs).
[0007] Moreover, HTTP-based streaming is not ses-
sion-based. This means that the HTTP server does not
need to maintain sessions for the various clients it is serv-
ing. This way the HTTP server architecture can be kept
simple. However, this session-less nature combined with
the fact that HTTP is a client-initiated protocol also means
that an HTTP server, e.g. a delivery node in a CDN, is
not able to initiate communication with a client.
[0008] In order to enable a client to access (down-
load/retrieve) segments stored in a CDN, the client is
provided with a so-called manifest file comprising a list
of segments each being identified by a segment identifier
(e.g. a segment file name) and segment locations (seg-
ment locators), e.g. URLs, pointing to a network node
where the segments may be accessed (retrieved). De-
pending on the particular CDN and/or implementation, a
pre-defined manifest file may be stored on one or more
(delivery) nodes of the CDN, together with the associated
segments, or a manifest file may be dynamically gener-
ated by the CDN upon user request.
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[0009] This way, when a consumer (client device) re-
quests a particular segmented content item (such as a
video), the CDN may, on request, identify a manifest file
stored on a (delivery) node that is suitable for enabling
the delivery of the requested content item to the customer
(device). Alternatively, the CDN may generate a new
manifest file identifying one or more delivery nodes
which, taken together, are suitable for delivering the re-
quested content segments to the customer. Subsequent-
ly the CDN may send the generated manifest file in a
response to the requesting client (device) of the consum-
er.
[0010] During streaming of the content segments, the
network configuration or load distribution in the CDN may
change. For example, a failure or overload in a node of
a CDN may result in a situation wherein one or more
delivery nodes in a CDN are no longer able to deliver
content segments identified in the manifest file. Also in
other situations, e.g. in an impending overload situation,
it may be required to prevent an overload situation by
transferring the task of delivering a particular content seg-
ment to a particular consumer (content receiving device)
during the streaming process from one delivery node to
another delivery node of the CDN or even to a delivery
node in another CDN. One can even imagine that when
a client device of a particular consumer changes its po-
sition, it may also be more advantageous to have another
delivery node, now being the more closer one, take-over
the streaming from the original node. Other events in the
delivery network that may require or warrant a change in
the delivery of segments to a client (i.e. trigger load bal-
ancing mechanisms in the network) are planned outages,
a Server Migration, a CDN Migration and so on.
[0011] In known methods such change in the delivery
of segments to a client may be realized in several ways.
In some cases a CDN may use for example an HTTP
redirect scheme in order to redirect the request for a seg-
ment to the desired delivery node. Such scheme however
may require and trigger a separate redirect response
message (simply referred to as a redirect) for every seg-
ment the client will request in the future, or even multiple
redirect response messages per requested segment,
thereby introducing a substantial increase of the signal-
ling load in the network. This is especially relevant in the
case when a large amount of consumers is dependent
on the same delivery node and is simultaneously request-
ing and retrieving the same content. Not only may the
additional signalling load flood parts or all of the CDN,
the redirects may cause unacceptable service interrup-
tions at the client-side, since the delivery of the individual
content segments is suddenly delayed as a result of the
redirects. Hence the redirect scheme may not be able to
effectively prevent service interruptions due to changes
in the network configuration (as a result of for instance a
delivery node failure). The service interruptions may be
more pronounced, in situations were for example little
content is buffered at the client device, in situations were
multiple redirects occur, or were the new target delivery

node is located at a considerable larger distance to the
client device, compared to the previous one.
[0012] Alternatively, the CDN may generate a newly
updated manifest file for the client on the basis of the
new network configuration. However due to its very na-
ture, the HTTP protocol does not allow the server-side
(e.g. the CDN) to directly and or pro-actively initiate the
transmission of such newly updated manifest file to the
client or, alternatively, initiate a client request for such a
newly updated manifest file. Whether the client receives
an updated manifest file or not is completely dependent
on the initiative of the client (which however is not aware
of (pending) changes in the network configuration) to re-
quest such update. Likewise, if for example a segmented
content stream would be made available by the CDN in
a higher representation than present in the manifest file
previously provided to the client, the client has no way
of knowing this and cannot profit from such higher quality
stream. Even if the client would be configured to e.g.
periodically request manifest file updates, such update
schemes cannot effectively (quickly) an on ad-hoc basis
react to changes in the network configuration and avoid
service interruptions due to such changes. It would be
merely coincidental if such update frequency would pre-
cisely coincide with a suddenly needed configuration
change. Furthermore, implementing a very high update
frequency, (which makes use of a HTTP based request-
response signalling mechanism), has the disadvantage
of causing a considerable overhead signalling load in the
network and processor load on the client and network
side, even during periods that no configuration changes
(e.g. changes in the delivery of segmented content to a
client) are needed or recommendable.
[0013] Document US 2011/0264727 published on
27-10-2011 discloses a method for providing a client with
a playlist of content segments accessible in a live stream-
ing service provided in a HTTP adaptive streaming for-
mat. Hence, there is a need in the art for methods and
systems, which enable improved control of streaming
content to a client.

Summary of the invention

[0014] It is an objective of the invention to reduce or
eliminate at least one of the drawbacks known in the prior
art. The scope of the invention is defined by the appended
claims. Preferred embodiments are covered by the de-
pendent claims.
[0015] The invention will be further illustrated with ref-
erence to the attached drawings, which schematically
will show embodiments according to the invention. It will
be understood that the invention is not in any way re-
stricted to these specific embodiments.

Brief description of the drawings

[0016]
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Fig. 1 depicts an overview of a conventional HAS
session between a client and a server.
Fig. 2 depicts a protocol flow between a client and
a server according to one embodiment of the inven-
tion.
Fig. 3 depicts a client-side process flow according
to an embodiment of the invention.
Fig. 4 depicts a sever-side process flow according
to an embodiment of the invention.
Fig. 5A-5C depict protocol flows between a client
and a server according to various embodiments of
the invention.
Fig. 6 depicts a content streaming system according
an embodiment of the invention.
Fig. 7 depicts a message flow for use in a content
streaming system according an embodiment of the
invention.
Fig. 8 depicts a process-flow associated with a De-
livery Continuity Node (DCN) function according to
one embodiment of the invention.
Fig. 9 depicts a message flow for use in a content
streaming system according another embodiment of
the invention.
Fig. 10 depicts a message flow for use in a content
streaming system according yet another embodi-
ment of the invention.
Fig. 11 depicts a message flow for use in a content
streaming system according a further embodiment
of the invention.
Fig. 12 depicts a content streaming system accord-
ing an embodiment of the invention.
Fig. 13 depicts a message flow for use in a content
streaming system according yet a further embodi-
ment of the invention.
Fig. 14 depicts a manifest file according to one em-
bodiment of the invention.

Detailed description

[0017] Fig. 1 depicts an overview of a conventional
HAS protocol flow between a client 130 in a terminal and
a media server 132 which are configured to communicate
through a streaming protocol, such as the HAS streaming
protocol, comprising response and request protocol mes-
sages 134,136. Here, a terminal may generally relate to
a content processing device, e.g. a (mobile) content play-
out device such as an electronic tablet, a smart-phone,
a notebook, a media player, etc. In some embodiment,
a terminal may be a set-top box or content storage device
configured for processing and temporarily storing content
for future consumption by a content play-out device. Sim-
ilarly, the media server may be part of or associated with
a content provider or a content delivery network (CDN).
[0018] The protocol flow may start by a user selecting
a link to a video on a website (step 102) wherein the URL
may point (e.g. through redirection) to a manifest file. The
manifest file may relate to a special data structure com-
prising segment identifiers, e.g. segment file names,

building a segmented video file and associated location
information, e.g. URLs, for locating one or more network
nodes, which are configured to deliver the segments to
a client (delivery nodes); or, alternatively, to a network
node that is able to determine one or more network nodes
which may be able to deliver an identified segment. In
yet another embodiment, the location information may
also point to locations on a network node. For example,
URLs associated segments may point to different folders
defined in one delivery node.
[0019] A reference to a segment, preferable comprised
in a manifest file, may comprise a segment identifier
and/or location information associated with the segment
identifier for locating the segment.
[0020] The manifest file may further comprise informa-
tion describing the temporal and/or spatial relation be-
tween the segments. Such file may be stored and iden-
tified using a specific file name extension, e.g..mf, .xml
and .m3u8. The client may then send a HTTP GET re-
quest to obtain the manifest file from the server (step
104). In response, the server may respond by sending
the manifest file to the client (step 106). The client there-
after parses the manifest file to obtain the locations of
the segments associated with the requested video (step
108).
[0021] The client requests the first segment of the vid-
eo from the location described in the manifest file and
the server responds to the request by sending the re-
quested segment to the client (steps 110, 112). On the
basis of the manifest file, several segments may be re-
trieved (steps 114,116). Then, after a certain amount of
time, the client may determine (e.g. based on a pre-de-
fined timer running out, or the client almost reaching the
end of the manifest file in a live stream) that it is time to
update the manifest file and may send a request to the
same location it has acquired the initial manifest from
(step 118). An updated manifest file is thereafter sent to
the client (step 120), which again can be processed by
the client by starting the parsing of the updated manifest
file (step 122).
[0022] As already discussed earlier, such conventional
HAS content streaming system does not allow server-
based control of the streaming process between the cli-
ent and the server. It does not allow control in ad-hoc
situations, which are difficult to predict and wherein direct
adaptation of the streaming configuration is required.
[0023] Fig. 2 depicts a protocol flow between a client
and a server according to one embodiment of the inven-
tion. In particular, Fig. 2 depicts a protocol flow associ-
ated with a streaming protocol such as the HTTP adaptive
streaming (HAS) protocol for streaming content from a
media server 232 to a client 230.
[0024] The client may comprise a streaming client
function 248, which processes the stream for play-out by
a video play-out function 246, and a control channel client
function 244 (CCCF). Similarly, the media server may
comprise a streaming server function 242 for streaming
media to the streaming client function 248. The media
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server may further comprise a control channel server
function (CCSF), e.g. a HAS control channel server func-
tion 234, in or associated with the server 232, which is
configured to initiate the establishment of a streaming
control channel 236 between the CCSF and the CCCF
244, wherein the streaming control channel may be used
to exchange streaming control information between the
client and the server, in particular streaming control in-
formation originating from the server to the client, during
the streaming of segmented content 238 to the client.
[0025] Here, the process may start in the same way
as in Fig. 1, i.e. a user clicking a link to a video on a
website wherein the URL may points (e.g. through redi-
rection) to a manifest file (step 200). The client may send
an HTTP GET request to obtain the manifest file from
the server and the server may respond thereto by sending
the manifest file (in this case an XML file) to the client
(step 202,204), which subsequently parses the manifest
file to obtain the locations of the segments making up the
requested content stream (step 206). In this particular
case however, the CCSF in the server is configured to
insert channel set-up information in the manifest file,
which allows the CCCF in the client and the CCSF in the
server to set up a streaming control channel.
[0026] On the basis of the channel-set up information
embedded in the manifest file, the CCCF in the client
may for example send a channel setup request to the
CCSF in the server (step 208) for setting up a server-to-
client streaming control channel. In one embodiment, the
CCCF and the CCSF may comprise an HTTP WebSock-
et API configured to use the WebSocket protocol and the
channel set-up information to set up a streaming control
channel between the client and the server. The Web-
Socket connections typically use standard HTTP ports
80 and 443 so that data may easily transfer firewalls and
NATs, but also other ports may be used.
[0027] The use of the WebSocket protocol has several
advantages within the context of CDN and HAS, such as
a low message overhead for scalability, the use of the
HTTP for protocol convergence and traversal of firewalls,
and possibility for tunnelling of other protocols. In another
embodiment, the Session Initiation Protocol (SIP) (ht-
tp://tools.ietf.org/html/rfc3261) is used, where the client
may comprise a SIP User Agent and the server is a SIP
Application Server.
[0028] In yet another embodiment, the Extensible Mes-
saging and Presence Protocol (XMPP) (ht-
tp://www.ietf.org/rfc/ rfc3920.txt) is used, where the client
may comprise an XMPP client and the server comprises
an XMPP server. Both the SIP and XMPP protocol mes-
sages may be tunnelled over a WebSocket according to
draft-ibc-rtcweb-sip-websocket-00 and draft-moffitt-
xmpp-over-websocket-00. A more detailed description
of embodiments for the different protocols is provided in
Fig. 5A-5C.
[0029] During set-up of the streaming control channel,
channel parameters may be exchanged between the
CCCF and CCSF (step 210). Furthermore, in order to

handle messages originating from the client, the CCSF
may create a dedicated channel handling process
(thread) (step 212). Once the streaming control channel
is established 214, the client may start the process of
streaming segments identified in the manifest file. The
streaming process may be based on a HAS-type stream-
ing protocol and start with a HTTP GET request compris-
ing an URL associated with the first segment
segment_low-1.avi (step 216). Once the delivery of the
first segment is confirmed by a HTTP 200 OK response
(step 218), the client may request a subsequent segment
segment_high-2.avi (steps 220,222).
[0030] Then, the CCSF in the media server may decide
that it is necessary for the client to update its manifest
file. For example, the CCSF may detect a possible server
overload or failure. It therefore may send a manifest up-
date signal over the streaming control channel (step 224)
optionally including an URL pointing to a new manifest
file). Upon receiving the manifest file update signal, the
CCCF may request the new manifest file. Upon reception
of the new manifest file, the client may continue streaming
on the basis of the new manifest (not shown).
[0031] In one embodiment, instead of transferring the
channel set-up information in the manifest file, the chan-
nel set-up information may be pre-installed into the ter-
minal or may be retrieved via a separate communication
channel from another (network) source. In that case,
when the client receives the manifest file, it triggers the
streaming control channel client function to retrieve the
channel set-up information in order to establish a stream-
ing control channel as described with reference to Fig 2
steps 208-214.
[0032] In another embodiment, the media server may
be configured to stream segments to multiple clients,
wherein each client is associated with its own streaming
control channel in order to enable network-initiated, e.g.
server-initiated, control as described with reference to
Fig. 2. This way, the server may control the streaming
of segmented content to multiple clients on the basis of
a network parameter, e.g. the network traffic or the
processing load of the server. For example, in one par-
ticular embodiment, different clients may be associated
with different subscriptions, e.g. a premium subscription
and a normal subscription. When a load-balancing func-
tion 240 associated with the media server detects an in-
crease in the load, it may pre-emptively reduce its load
by signalling the CCSF to initiate a manifest file update
wherein (at least part of the) normal clients are provided
with a new manifest file causing these clients to request
segments associated with a low-rate and/or low(er) qual-
ity.
[0033] A manifest file update may be realized in various
ways. In one embodiment, the whole or at least part of
an updated manifest file may be sent via the streaming
control channel to the client. In a further embodiment,
the CCSF may send a manifest update trigger to a client,
in particular the CCCF, which responds by requesting an
updated or new manifest file from a (default) location,
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e.g. the original media server, or from a new location,
e.g. a further media server, as identified in the manifest
file update trigger (e.g. using an URL).
[0034] Fig. 3 depicts a client-side process flow accord-
ing to an embodiment of the invention. In particular, Fig.
3 depicts a process flow associated with processes ex-
ecuted on a client for retrieval and play-out of segments
and for providing server-initiated control of streaming
through a streaming control channel as e.g. depicted in
Fig. 2. The process may start with a client requesting a
manifest file associated with a particular segmented con-
tent item (step 300). The manifest file may comprise the
segment locations but also channel set-up information
used by the client to set up the streaming control channel
(such as a WebSocket URL and possibly some param-
eters for indicating e.g. the use of WebSocket sub-pro-
tocols, WebSocket version, etc. Upon receipt of the man-
ifest file from the server, the client may parse the manifest
file (step 301 and 302) and start at least two separate
processes/threads in the client: at least a first process
executed by the media streaming client function in the
client for handling segment retrieval and playback of the
segments and a second process executed by the CCCF
in the client for handling the streaming control channel.
The client may use the segment locations described in
the manifest file to periodically retrieve segments and
play them out (step 303) until the end of the video is
detected (step 304). Further, the client may use the chan-
nel set-up information embedded in the manifest file to
send a channel setup request to the server on the basis
of a URL described in the manifest file (step 305) and to
establish a streaming control channel, between the client,
in particular the CCCF in the client, and the server (step
306), in particular the CCSF associated with the server.
Then, during the streaming and play out of the segments,
the CCCF listens to the streaming control channel for
incoming messages from the server (step 307). The
streaming control channel may also be used for data
transmission from the client to the server.
[0035] In case of an incoming message from the serv-
er, the CCCF may check whether a manifest update sig-
nal (manifest update trigger) has been received (step
308). If such manifest update signal has been received,
the CCCF may request an updated manifest (either from
the location it received the original manifest from or from
an URL specified in the manifest update trigger message)
(step 309). After receiving the updated manifest file, the
client parses it (see step 302) and updates the list of
segment identifiers and associated location information.
[0036] Fig. 4 depicts a server-side process flow ac-
cording to an embodiment of the invention. In particular,
Fig. 4 depicts a process flow of processes executed on
a media server for streaming segments to a client and
for providing network-initiated control of the streaming
using a streaming control channel. The processes may
be executed by the various functions hosted on media
server as e.g. described with reference to Fig. 2, i.e. a
streaming server function, a control channel server func-

tion and, optionally, a load-balancing function. The func-
tions may be configured to execute one or more proc-
esses for monitoring server load, responding to segment
requests from the client and setting up and maintaining
a streaming control channel with the client.
[0037] For example, a first process may be executed
by an CCSF in the media server monitoring the reception
of a request for a channel set-up sent by a client to the
server (step 402). If such request is received, the CCSF
may set-up a streaming control channel and initiate a
channel handling process wherein information originat-
ing from or sent to the client, e.g. is properly processed.
A second process may be executed by a media streaming
server function handling the reception of requests from
a client for a manifest file and/or segments (step 400). If
such request is received, the server may send the re-
quested information (segments and/or a manifest file) to
the requesting client (step 401). A third process may re-
late to a load balancing function monitoring for network
load information and/or server load information. If the
load reaches or approaches a certain (maximum) thresh-
old value, it may signal the CCSF to select one or more
clients for a manifest file update (step 405). In response,
the CCSF may send manifest update triggers to the se-
lected clients (step 406).
[0038] For example, in one embodiment, the load-bal-
ance function associated with the server may signal the
CCSF to initiate a manifest file update in order to reduce
the processing load of the server. The updated manifest
file instructs the client to continue streaming on the basis
of segments of lower quality. In another embodiment, the
CCSF may detect a server overload or a server failure
and in response initiate a manifest file update for instruct-
ing one or more clients to retrieve segments from another
network server.
[0039] The manifest update process may be realized
in several ways. In one embodiment, the updated man-
ifest file may be sent by the CCSF via the streaming con-
trol channel to the CCCF in the clients. In another em-
bodiment, the CCSF may send a manifest file update
trigger to the CCCF in the client, which in response re-
quests an updated or new manifest file from the media
server. In a further embodiment, the manifest file update
trigger may comprise location information, e.g. an URL,
of a further media server so that the client may request
- on the basis of that location information - an updated
or new manifest file from that further media server (step
406).
[0040] Fig. 5A-5C depict various non-limiting protocol
flows for establishing a streaming control channel for en-
abling network-initiated streaming control. In particular,
Fig. 5A depicts a message flow similar to Fig. 2, wherein
the HTTP WebSocket protocol is used for setting the
streaming control channel. The process may start with a
user selecting a link to a video on a website wherein the
URL may point (e.g. through redirection) to a manifest
file (step 500a). In response, the client may send a HTTP
GET request to obtain the manifest file from the server
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(step 501a), which is sent by the server (in this case in
the form of an XML file) to the client (step 502a).
[0041] The client may parse the manifest file to obtain
the locations of at least part of the segments building the
video (step 503a) and use the information embedded in
the manifest file to send a WebSocket setup request (HT-
TP GET /WS ws://...) to the server (step 504a). After per-
forming the mandatory WebSocket handshake (as de-
scribed in detail in the WS draft draft-ietf-hybitheweb-
socketprotocol-17), the server may accept the WebSock-
et request from the client using a HTTP 101 SWITCHING
PROTOCOLS message (step 505a). Then, in order to
handle incoming messages over the to be created Web-
Socket, the server may create a dedicated proc-
ess/thread (step 506a) thereby establishing a WebSock-
et streaming control channel which may be used to pro-
vide server-initiated streaming control (step 507a).
[0042] The WebSocket protocol allows for full-duplex,
bi-directional communication over a best-effort Internet
connection. Both the server and client may send data at
any time, or even at the same time over the streaming
control channel. Only the data is sent without the over-
head of HTTP headers thereby drastically increasing the
bandwidth. Moreover, as WebSocket is an HTTP-based
protocol it is usually not automatically blocked by firewalls
or network address translators (NATs).
[0043] Fig. 5B depicts a message flow for setting up
a streaming control channel similar to Fig. 2 using the
SIP protocol. The process may start with a user selecting
a link to a video on a website wherein the URL may point
(e.g. through redirection) to a manifest file (step 500b).
In response, the client may send a HTTP GET request
to obtain the manifest file from the server (step 501 b),
which is sent by the server (in this case in the form of an
XML file) to the client (step 502b).
[0044] The client may parse the manifest file to obtain
the locations of the segments making up the video (step
503b) and use the information embedded in the manifest
file to send a SIP INVITE message to the SIP Application
Server (step 504b). This information may be formatted
as a Session Description Protocol message [ht-
tp://www.ietf.org/rfc/rfc4566.txt]. The server may accept
the INVITE message and respond with a SIP 200 OK
message (step 505b). Then, in order to handle incoming
messages over the to be created SIP session, the server
may create a dedicated process/thread (step 506b)
thereby establishing a SIP-based streaming control
channel which may be used to provide server-initiated
streaming control (step 507b).
[0045] Fig. 5C depicts a message flow for setting up
a streaming control channel similar to Fig. 2 using the
XMPP protocol. The process may start with a user se-
lecting a link to a video on a website wherein the URL
may point (e.g. through redirection) to a manifest file (step
500c). In response, the client may send a HTTP GET
request to obtain the manifest file from the server (step
501c), which is sent by the server (in this case in the form
of an XML file) to the client (step 502c).

[0046] The client may parse the manifest file to obtain
the locations of the segments making up the video (step
503c) and use the information embedded in the manifest
file, such as the Jabber Identifier (JID) of the XMPP server
to send an XMPP session request message in the form
of one or more XML Stanzas over an XML stream to the
XMPP server (step 505c). The XMPP server may accept
the session request message and respond with a session
creating result message (step 506c). Then, in order to
handle incoming messages over the to be created XMPP
session, the server may create a dedicated proc-
ess/thread (step 507c) thereby establishing an XMPP-
based streaming control channel which may be used to
provide server-initiated streaming control (step 508c).
[0047] Fig. 6 depicts a content streaming system 600
for delivering segmented content to a client according to
one embodiment of the invention. In particular, Fig. 6
depicts an architectural overview of a content delivery
system comprising a CDN, which is configured to provide
network-initiated control of streaming processes be-
tween one or more delivery nodes in the CDN and one
or more clients. The network-initiated control may be re-
alized on the basis of the streaming control channel func-
tionality as described with reference to Fig. 2-5.
[0048] In this embodiment, the content delivery system
may comprise at least one content delivery network
(CDN) 602, a content source (CS) 601 connected via a
transport network 600 to one or more clients 603. The
content source may relate to a content provider system
(CPS), a content preparation system or another CDN. A
CPS may be configured to offer content, e.g. an audio
item or video title, to customers, which may purchase
and receive the content using a client.
[0049] The client may be implemented a software pro-
gram running on a terminal, i.e. content processing de-
vice, e.g. a (mobile) content play-out device such as an
electronic tablet, a smart-phone, a notebook, a media
player, etc. In some embodiment, a terminal may be a
set-top box or content storage device configured for
processing and temporarily storing content for future con-
sumption by a content play-out device.
[0050] A CDN may comprise delivery nodes
(DN1,DN2) 611,612 and at least one central CDN node
(CCN) 610. Each delivery node may comprise or be as-
sociated with a controller 630,631 and a cache 632,633
for storing and buffering content. Each CCN may com-
prise or may be associated with an ingestion function (or
content origin function, COF) 620 for controlling ingestion
of content from an external source, e.g. a content provider
or another CDN, a content location database 622 for
maintaining information about where content is stored
within a CDN and a CDN control function (CDNCF) 621
for controlling the distribution of one or more copies of
the content to the delivery nodes and for redirecting cli-
ents to appropriate delivery nodes (a process also known
as request routing). The distribution may be controlled
such that throughout the CDN sufficient bandwidth for
content delivery to a client is guaranteed. In one embod-
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iment, the CDN may relate to a CDN as described in ETSI
TS 182019.
[0051] A customer may purchase segmented content,
e.g. video titles, from a CPS 660 by sending a request
to a web portal (WP) 661, which is configured to provide
title references identifying purchasable video titles. In re-
sponse to the request, a client may receive at least part
of the title references from the WP and location informa-
tion, e.g. an URL, of a CDNCF of a CDN, which is able
to deliver the selected content.
[0052] The CDNCF may send the client location infor-
mation associated with one or more delivery nodes,
which are configured to deliver the selected content to
the client. The segments may be hosted on one delivery
node in the CDN or, alternatively, on different delivery
nodes in the CDN. For example, more popular segments
may be hosted on multiple delivery nodes in the CDN so
that timely delivery can be guaranteed. Typically, the CD-
NCF may select delivery nodes in the CDN, which are
best suited for delivering the selected content to the cli-
ent. Criteria for selecting one or more delivery node may
be based on the processing load of the delivery nodes
and/or contextual information associated with the client:
e.g. location of the client (the IP address) and/or the sub-
scription of the client (e.g. a premium subscription or a
normal subscription as described above with reference
to Fig. 2). Hence, this way, the CDNCF may dynamically
generate a manifest file, which is optimized for efficiently
delivering segments to the client.
[0053] A client may contact the delivery node in the
CDN using e.g. a conventional DNS system. Further, var-
ious streaming protocols may be used to deliver the con-
tent to a media streaming function 652 which processes
the stream for play-out by a video play-out function 651.
Such protocols may include HTTP and RTP/RTCP type
streaming protocols. In a preferred embodiment an adap-
tive streaming protocol such as HTTP adaptive streaming
(HAS) and related protocols such as Apple HTTP Live
Streaming, Microsoft Smooth Streaming, Adobe HTTP
Dynamic Streaming, 3GPP-DASH and MPEG Dynamic
Adaptive Streaming over HTTP may be used.
[0054] The CDNs are configured to ingest and distrib-
ute segmented content. Known segmented streaming
systems may be based on time segmentation, such as
HTTP adaptive streaming (HAS), where content may be
organized in a number of segments (pieces or parts),
which may be formatted according to a known transport
container format such as MPEG or AVI.
[0055] The relation between the segments may be de-
scribed in a manifest file, which may be stored and iden-
tified using a specific file name extension, e.g..mf, .xml
and .m3u8. The manifest file may further describe the
locations and names (segment identifiers)of the different
segments on one or more delivery nodes. Segments, in
particular popular segments, may be retrieved from more
than one delivery node in a CDN. Moreover, in certain
situations, segments should be retrieved from delivery
nodes in another CDN domain. That situation will be de-

scribed in more detail with reference to Fig. 12, and 13.
The CDNCF may manage the locations where segments
may be retrieved. To that end, the CDNCF may use the
content location database 622. In one embodiment, the
content location database may relate to an Asset Loca-
tion Function (ALF), as described in ETSI TS 182 019.
[0056] Further, the CDN may comprise a Delivery Con-
tinuity Node (DCN) 613 that is configured to set-up and
manage streaming control channels associated with cli-
ents and to maintain a database comprising the clients
and the delivery node(s) these clients are connected to.
The DCN may comprise a delivery continuity manage-
ment function (DCMF) 640. This function may execute a
process for monitoring notifications originating from the
request-routing (RR) function of the CDNCF. The DCN
may further comprise a control channel server function
(CCSF) 641 in the DCN for monitoring channel set-up
requests from clients and to set-up a streaming control
channel with a control channel client (CCCF) function
650 in the client.
[0057] Further, a delivery continuity (DC) database
642 in or associated with the DCN may store client infor-
mation (e.g. its IP address) and manifest file information
(i.e. segment identifiers (e.g. file names) and at least part
of the delivery nodes hosting these segments). A delivery
continuity management function (DCMF) may monitor for
network notifications, e.g. (over)load notifications or fail-
ure notifications, originating from the CDNCF or from a
separate network monitoring function in the CDN and to
start a manifest file update process in response to the
reception of such network notification. Details about the
processes and functions in the DCN are described with
reference to Fig. 8.
[0058] Although in Fig. 6 the functions in the DCN, i.e.
the DCMF and the CCSF, are implemented on a separate
node (the DCN), in further embodiments, these functions
may be also fully or partly implemented on the CCN 610
comprising the CDNCF and the ingestion function.
[0059] Fig. 7 depicts a message flow for use in a con-
tent streaming system according to an embodiment of
the invention. In particular, Fig. 7 depicts a message flow
for use in a CDN-type content streaming system config-
ured to provide network-initiated control of streaming
processes between one or more delivery nodes in the
CDN and one or more clients. In this embodiment, the
CDN may comprise at least first and second delivery
nodes (DN1, DN2) and a CCN comprising a CDNCF,
DCMF and a CCSF as described with reference to Fig. 6.
[0060] The process in Fig. 7 may start with a user se-
lecting a link to a video on a website wherein an URL
may point (e.g. through redirection) to a manifest file (step
700). Upon selection, a client may send a HTTP GET
request to the CDNCF to obtain the manifest file (step
701). The CDNCF may respond to the request by sending
a manifest file to the client (step 702). In this case, on
the basis of information from a load-balancing function,
the CDNCF may select and/or generate a manifest file
that contains references (e.g. segment identifiers and/or

13 14 



EP 2 798 816 B1

9

5

10

15

20

25

30

35

40

45

50

55

associated location information)to segments stored on a
first delivery node DN1. Further, the CDNCF makes a
note of the fact that it has sent the particular client (defined
e.g. by its IP address) a manifest file containing referenc-
es to a particular (set of) delivery node(s) (in this example
delivery node DN1). To that end, the CDNCF may store
client information (e.g. the IP address of the client) and
manifest file information (e.g. the manifest file identifier
Manifest ID), associated with at least part of a video title,
and the location information of the particular (set of) de-
livery node(s) hosting the segments that are referenced
by the manifest file in the delivery continuity (DC) data-
base for further use (step 703).
[0061] Here, the manifest file identifier may be identi-
fied by a number and the delivery nodes may be identified
by delivery nodes identifiers known within the CDN. The
client may parse the manifest file to obtain the locations
of the segments (e.g. URLs) making up the video (step
704). Further, the CCCF in the client may use the channel
set-up information in the manifest file to setup a streaming
control channel between the CCCF and the CCSF in the
CDN (step 705a) (the process of setting up the streaming
control channel between a CCCF and a CCSF is de-
scribed with reference to Fig. 2 and 3, and is not repeated
here).
[0062] During establishment of the streaming control
channel, the CCSF may correlate the channel setup re-
quest with a specific client and one or more associated
delivery nodes by using the information stored in the DC
database (step 705b). In particular, the CCSF may query
the DC database for the client for which the streaming
control channel is set up (wherein the client may be iden-
tified e.g. its IP address) and assign a unique streaming
channel identifier, or Channel ID, (e.g. the port number
or, in case WebSocket is used, a WebSocket ID) to the
database entry belonging to the client. This way, the
CCSF is able to relate a specific client-channel combi-
nation to a particular (set of) delivery node(s) and/or man-
ifest file.
[0063] Once the streaming control channel is setup,
the client may start the streaming process by requesting
a first segment (in this case segment_low-1) from the
first delivery node DN1 (as referred to in the manifest file)
(step 706). Delivery node DN1 may respond by streaming
the requested segment to the client (step 707).
[0064] During the streaming process, at some point in
time, the CDNCF (comprising or associated with a load
balance function for monitoring the load of delivery nodes
in the CDN) may notice that the load on the first delivery
node DN1 approaches a (maximum) threshold level (step
708). The CDNCF may inform the DCMF to check which
clients are using the first delivery node DN1 by checking
the information stored in the DC database (step 709).
The DCMF may then decide to redirect some (or all) cli-
ents away from the first delivery node DN1 to another,
second delivery node DN2 so that the processing load
of the first delivery node D1 is reduced. To that end, the
DCMF may instruct the CCSF to send a manifest update

trigger over the streaming control channels of the clients
selected by the DCMF (step 710) using the information
in the DC database.
[0065] Upon receiving the manifest update trigger, the
CCCF in the client is triggered to request a new or up-
dated manifest file by sending a manifest request to the
CDNCF (step 711)(in a similar way as described with
reference to step 701). The CDNCF may receive the
manifest request and select or generate a new or updated
manifest file for the client and send this manifest file to
the client.
[0066] In one embodiment, when generating a new or
updated manifest file, the CDNCF may use information
from the load-balancing function in order to select a new
delivery node (see also step 702). Further, the new or
updated manifest file may contain links to segments
stored on the second delivery node DN2.
[0067] In one embodiment, the manifest update trigger
may comprise location information, e.g. an URL, identi-
fying a further node comprising the new or updated man-
ifest file. In another embodiment, instead of sending a
manifest update trigger to signal the client to retrieve a
new or updated manifest file, the new or updated manifest
file may be transmitted directly via the streaming control
channel to the client. After the updated manifest file is
sent back to the client, it uses the new or updated man-
ifest file to resume streaming of segments from the sec-
ond delivery node (not shown).
[0068] Since the client has received a new or updated
manifest file, the CDNCF may update the manifest file
information associated with that client in the DC database
by performing the step as described with reference to
703. This way, if at some point in the future an overload
problem occurs, the CDNCF may be able to redirect the
client again to another delivery node.
[0069] Fig. 8 depicts a process flow associated with a
Delivery Continuity Node (DCN) according to one em-
bodiment of the invention. In particular, Fig. 8 provides
an overview of on or more functions that may be hosted
on a Delivery Continuity Node (DCN) as described with
reference to Fig. 6. The DCN may be configured to set-
up and manage streaming control channels associated
with clients and to maintain a table listing the clients and
the delivery node(s) they are connected to. In another
embodiment, all or at least part of the functions associ-
ated with a DCN may be hosted on the CCN (see Fig.
7, 9, 11 and 13).
[0070] The DCN may comprise a delivery continuity
management function (DCMF). This function may exe-
cute a process for monitoring notifications originating
from the request-routing (RR) function of the CDNCF
(step 800). Whenever a CDNCF sends a manifest file to
a client, or redirects a client to a particular delivery node,
the CDNCF may inform the DCN which delivery nodes
the client is expected to retrieve segments from (i.e. the
delivery nodes that are referenced in the manifest file
sent the client, or the delivery node the client is redirected
to). Upon receiving the notification, the DCN may add an
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entry into a delivery continuity (DC) database that as-
signs the particular client (identified by e.g. its IP address)
to at least part of the delivery nodes referenced in the
manifest file sent to that client (step 801).
[0071] Further, a control channel server function
(CCSF) may monitor for channel set-up requests from a
CCCF in a client (step 802). If it receives a request, it will
start a process to set up a streaming control channel on
the basis of a suitable protocol, e.g. WebSocket, SIP or
XMPP.
[0072] During establishment of the streaming control
channel, the CCSF may query the DC database for the
client for which a streaming control channel is set up
(wherein the client may be identified e.g. its IP address)
and assign a unique streaming channel identifier (e.g.
the port number or, in case WebSocket is used, a Web-
Socket ID) to the database entry belonging to the client
(step 803). The DCMF may then execute a monitoring
process for monitoring network notifications, e.g. network
overload notifications or failure notifications from the CD-
NCF, a load-balancing function associated with the CD-
NCF (step 804) or a separate network monitoring func-
tion. In one embodiment, an overload or failure notifica-
tion may include information regarding the number of cli-
ents the CDNCF wants redirect.
[0073] Once the DCMF receives an such notification
(either relating to a delivery node in its own CDN or de-
livery node in another CDN (not shown)) from the CD-
NCF, it may query the DC database to check for clients
that are expected to retrieve segments from the delivery
node associated with the overload or failure notification
(step 805). The DCMF may then select one or more cli-
ents to be redirected (step 806) (this selection may be
based on the number of clients to be redirected as de-
scribed above with reference to step 804). Thereafter,
the DCMF may query its database in order to identify the
streaming channels (using e.g. the streaming channel
identifier) associated with the selected clients and send
a manifest update trigger over each of these channels.
[0074] The DMCF may be further configured to monitor
for messages originating from the client. In one embod-
iment, the DMCF may send a new or updated manifest
file over the streaming control channel to the client.
[0075] Fig. 9 depicts a message flow for use in a con-
tent streaming system according another embodiment of
the invention. In particular, Fig. 9 shows a message flow
for use with a content delivery system similar to Fig. 7.
In this embodiment however manifest files are not deliv-
ered by the CDNCF to the clients, but by the delivery
nodes themselves. To that end, a delivery node, e.g. first
delivery node DN1, may comprise manifest files that only
comprise references to segments on that delivery node.
[0076] The process in Fig. 9 may start with a user se-
lecting a link to a video on a website wherein the URL
points (e.g. through redirection from a Content Provider)
to a Request Routing (RR) function of a CDNCF (step
900). After the clients has send a HTTP GET request to
the CDNCF (step 901), the RR-function of the CDNCF

may select, based on e.g. information obtained from the
load balancing function, a delivery node which is suitable
for delivering the requested manifest file and the associ-
ated segmented content to the client. The CDNCF may
then send the client a HTTP REDIRECT message con-
taining the URL to the manifest file on the selected de-
livery node (in this particular example first delivery node
DN1) (step 902).
[0077] When redirecting the HTTP GET request, the
CDNCF may store the client information (e.g. the IP ad-
dress of the client) and manifest file information (e.g. the
manifest file identifier, or Manifest ID, associated with at
least part of a video title, and the location information of
the particular (set of) delivery node(s) hosting the seg-
ments that are referenced by the manifest file) in the de-
livery continuity (DC) database for further use (step 903).
Here, the manifest file identifier may be identified by a
number and the delivery nodes may be identified by de-
livery node identifiers known within the CDN.
[0078] Upon receiving the HTTP REDIRECT message
from the CDNCF, the client may send a new HTTP GET
message to the URL in the REDIRECT message asso-
ciated with the first delivery node (step 904). The delivery
node DN1 subsequently responds by sending the re-
quested manifest file to the client (step 905).
[0079] After having received the manifest file, the client
may parse the manifest file to obtain the locations of the
segments making up the video (step 906). The CCCF in
the client may use the channel set-up information in the
manifest file to setup a streaming control channel be-
tween the CCSF and the client (step 907a) (The process
of setting up the channel is described in Fig. 2 and 3 and
is not repeated here).
[0080] During establishment of the streaming control
channel, the CCSF may correlate the channel setup re-
quest with a specific client and associated delivery notes)
by using the information stored in the DC database (step
907b). In particular, the CCSF may query the DC data-
base for the client for which a streaming control channel
is set up (wherein the client may be identified e.g. its IP
address) and assign a unique streaming channel identi-
fier (e.g. the port number or, in case WebSocket is used,
a WebSocket ID) to the database entry belonging to the
client. This way, functions in the CDN can check which
client/channel combinations are using which (set of) de-
livery node(s) (for example in this case, the CDNCF may
check that the particular client is using the first delivery
node DN1 and has received a specific manifest file).
[0081] Once the streaming control channel is set up
(as e.g. described in Fig. 2 and 3), the client may start
requesting, receiving and playing out segments obtained
from the first delivery node DN1 (step 908). During the
streaming process, at some point in time, the CDNCF
(which comprises or is associated with a load-balancing
function for monitoring the load delivery nodes in the
CDN) may notice that the load on the first delivery node
DN1 reaches a predetermined (maximum) threshold lev-
el (step 909). The CDNCF may then trigger the DCMF
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to determine which clients are associated with the first
delivery node DN1 by checking the information stored in
the DC database (step 910). On the basis of this infor-
mation, the DCMF may decide to redirect some (or all)
clients away from the first delivery node DN1.
[0082] To that end, it may trigger the CCSF to send a
manifest update trigger over the control channels of these
clients (step 911). In order to make sure that clients do
not receive their updated manifest from the first delivery
DN1 (as a default), the manifest update trigger may in-
clude a URL associated with the new or updated manifest
file (pointing for example to a second delivery node DN2).
The reception of the manifest update trigger signals the
client that a new manifest file should be requested. It may
then send a manifest file request to the URL associated
with the second delivery node DN2 referred to in the man-
ifest update trigger (step 912). The second delivery node
DN2 may respond by sending the requested manifest file
to the client.
[0083] Upon receiving this manifest file, the client may
continue the streaming process by requesting subse-
quent segments from the second delivery node DN2 in-
stead of the first delivery node DN1 (step 913). Since the
client has received a new or updated manifest file, the
CDNCF may update the manifest file information asso-
ciated with that client in the DC database by performing
the step as described with reference to 903. This way, if
at some point in the future an overload problem occurs,
the CDNCF may be able to redirect the client again to
another delivery node.
[0084] Hence, in the embodiment depicted in Fig. 9, a
manifest file comprising the channel set-up information
for setting up a streaming control channel between the
client and the CCSF is stored at the delivery node where
the segments are stored. This implementation provides
the advantage that some of the load and complexity of
the CDNCF is offloaded to the delivery nodes. In Fig. 7
the CDNCF hosts and/or generates the manifest files so
that for every time a manifest file is updated load is added
to the CDNCF. In certain implementations, e.g. in case
for live content, client-initiated manifest updates may oc-
cur quite often, e.g. once every 30 seconds, thereby sub-
stantially increasing the load on the CDNCF. Hence, by
delegating the task of responding to client-initiated man-
ifest requests to the delivery node considerable load re-
duction of the CDNCF may be realized.
[0085] Fig. 10 depicts a message flow for use in a con-
tent streaming system according yet another embodi-
ment of the invention. In particular, Fig. 10 depicts a mes-
sage flow similar to Fig. 7, however instead of having the
DCN functionality added to the CDNCF, the DCN is lo-
cated in a separate node.
[0086] The process in Fig. 10 may start with the user
selecting a link to a video on a website wherein the URL
may point (e.g. through redirection) to a manifest file host-
ed on the CDNCF (step 1000) and the transmission of a
HTTP GET request by the client to obtain the manifest
file from the CDNCF (step 1001). The CDNCF may re-

spond to this request by sending the manifest file to the
client. In this example, on the basis of information ob-
tained from a load-balancing function, the CDNCF may
select a manifest file that contains references to seg-
ments stored on the first delivery node DN1 (step 1002).
[0087] The CDNCF may send a notification to the DCN,
in particular the DCMF in the DCN, indicating that a par-
ticular client (identified by e.g. its IP address) has been
provided with a new or updated manifest file comprising
references to a particular (set of) delivery node(s) (step
1003). The DCMF may store the client information (e.g.
the IP address of the client) and the manifest file infor-
mation (e.g. the manifest file identifier, or Manifest ID,
associated with at least part of a video title, and the lo-
cation information of the particular (set of) delivery
node(s) hosting the segments that are referenced by the
manifest file) for future use (step 1004) in the DC data-
base. Here, the manifest file identifier may be identified
by a number and the delivery nodes may be identified by
delivery node identifiers known within the CDN.
[0088] The client may parse the manifest file to obtain
the locations (e.g. URLs) of the segments making up the
video (step 1005). Further, the client may use the channel
set-up information in the manifest file to setup a channel
to the DCN (step 1006a). (The process of setting up the
channel is described in Fig. 2 and 3 and is not repeated
here).
[0089] During establishment of the streaming control
channel, the CCSF may correlate the channel setup re-
quest with a specific client and associated (set of) delivery
node(s) by using the information stored in the DC data-
base (step 1006b). In particular, the CCSF may query
the DC database for the client for which a streaming con-
trol channel is set up (wherein the client may be identified
e.g. its IP address) and assign a unique streaming chan-
nel identifier (e.g. the port number or, in case WebSocket
is used, a WebSocket ID) to the database entry belonging
to the client. This way, functions in the CDN, e.g. the
CDNCF, DCMF and the CCSF, are able to relate a spe-
cific client-channel combination to a particular (set of)
delivery node(s).
[0090] Once the streaming control channel is estab-
lished, the streaming client function may start requesting,
receiving and playing out segments obtained from the
first delivery node DN1 (step 1007). During the streaming
process, the DCMF may execute a monitoring process
for monitoring network notifications, e.g. network over-
load or failure notifications from the CDNCF, a load-bal-
ancing function associated with the CDNCF or a network
monitoring function. For example, at some point in time,
the CDNCF comprising or associated with a load-balanc-
ing function for monitoring the load of all delivery nodes
may notice that the load on DN1 reaches a predetermined
(maximum) threshold value (step 1008).
[0091] The CDNCF may then send an overload notifi-
cation to the DCMF indicating that the load on the first
delivery node DN1 is approaching a predetermined (max-
imum) threshold value. In one embodiment, an overload
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notification may comprise information regarding the
number of clients to be redirected (step 1009). The DCMF
may determine the clients that are using the first delivery
node DN1 by checking the manifest file information in
the DC database (step 1010).
[0092] The DCMF may then select the clients to be
redirected and trigger the CCSF to send a manifest up-
date trigger over the streaming control channels of those
clients (step 1011). The reception of the manifest update
trigger may signal the client to request a new manifest
file by sending a manifest request to the CDNCF in a
similar way as described with reference to step 1001)
(step 1012).
[0093] The CDNCF may receive the manifest request
and generate or select a new manifest file suitable for
the client (step 1013) (e.g. by consulting the load-balanc-
ing function). In this case, the selected manifest file may
for example contain links to segments stored on a second
delivery node DN2. The selected manifest file may then
be sent to the client. Upon receiving the new manifest
file, the client may continue the streaming process by
requesting subsequent segments from the second deliv-
ery node DN2 instead of the first delivery node DN1.
[0094] Since the client has received a new or updated
manifest file, referring to segments hosted on a different
delivery node (i.e. the second delivery node DN2 instead
of the first delivery node DN1), the CDNCF may update
the entry or entries in the DC database associated with
the client. To do so, the CDNCF may send a notification
to the DCMF in the DCN that a client has been provided
with a new or updated manifest file (in a similar way as
described with reference to step 1003). After receiving
the notification, the DCMF may store the client informa-
tion and the manifest file information in the DC database
(in a similar way as described with reference to step
1004). This way the CDNCF is able to handle possible
further load problems associated with the second deliv-
ery node DN2.
[0095] Hence, the embodiment depicted in Fig. 10 the
functions for establishing and managing a streaming con-
trol function is implemented on a separate network node,
the DCN, so that the required changes to the CDNCF in
the CCN are very limited and existing CDNCF implemen-
tations can be re-used, thereby limiting the cost involved
when adding streaming control channel functionality to
a CDN. Further, if the number of clients and associated
active streaming control channels increases, only the ca-
pacity of the DCN, and not of the entire CDNCF needs
to be upgraded. This embodiment thus provides a scal-
able solution for managing large numbers of streaming
control channels associated with a CDN.
[0096] Fig. 11 depicts a message flow for use in a con-
tent streaming system according a further embodiment
of the invention. In particular, Fig. 11 shows a message
flow similar to Fig. 7, however instead of having each
manifest file only comprising references to a single de-
livery node, a manifest file may contain references to
multiple delivery nodes. In this embodiment, the CDNCF

may be configured to create and host the manifest file.
[0097] The process may start with a user selecting a
link to a video on a website wherein the URL points (e.g.
through redirection) to a manifest file (step 1100) and
transmission of a HTTP GET request by the client to ob-
tain the manifest file from the CDNCF (step 1101). Having
received the manifest request from the client, the CDNCF
may create a new manifest file or select an existing one
that comprises references to segments on different de-
livery nodes (1102). For example in one embodiment,
the manifest file may comprise a reference to low-quality
segments hosted on a first delivery node DN1, and to
high quality segments hosted on a second delivery node
DN2. The CDNCF may use load information (generated
by a load-balancing function) associated with the delivery
nodes in the CDN and, optionally, the location information
of the client (e.g. the IP address) in order to select delivery
nodes, which are best suited for delivering (part of) the
requested segments to the client. In this case, the man-
ifest file may comprise references to at least a first deliv-
ery node DN1 and a second delivery node DN2.
[0098] The CDNCF may send the manifest file to the
client (step 1103) and store the client information (e.g.
its IP address) and the manifest file information (e.g. the
IP address of the client) and manifest file information (e.g.
the manifest file identifier, or Manifest ID, associated with
at least part of a video title, and the location information
of the particular (set of) delivery node(s) hosting the seg-
ments that are referenced by the manifest file), in this
case first and second delivery node D1 and D2) in the
DC database (step 1104). Here, the manifest file identifier
may be identified by a number and the delivery nodes
may be identified by delivery node identifiers known with-
in the CDN.
[0099] The client may parse the manifest file to obtain
the locations of the segments making up the video (step
1105) and use the channel set-up information in the man-
ifest file to setup a streaming control channel between
the client and the CCSF (step 1106a). (The process of
setting up the channel is described in Fig. 2 and 3, and
is not repeated here.)
[0100] During establishment of the streaming control
channel, the CCSF may correlate the channel setup re-
quest with a specific client and associated (set of) delivery
node(s) by using the information stored in the DC data-
base (step 1106b). In particular, the CCSF may query
the DC database for the client for which a streaming con-
trol channel is set up (wherein the client may be identified
e.g. its IP address) and assign a unique streaming chan-
nel identifier (e.g. the port number or, in case WebSocket
is used, a WebSocket ID) to the database entry belonging
to the client. This way, the functions in the CDN may
relate a specific client-channel combination to a particular
(set of) delivery node(s).
[0101] Once the streaming control channel is set up,
the client may start the streaming process by requesting,
receiving and playing out segments originating from the
first and second delivery node (step 1107). During the
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streaming process, at some point in time, the CDNCF
comprising or associated with a load-balancing function
for monitoring the load of delivery nodes within the CDN,
may notice that the load on the first delivery node DN1
reaches or approaches a predetermined (maximum)
threshold value (step 1108). The CDNCF may then trig-
ger the DCMF to check which clients are associated with
the first delivery node DN1 by checking the manifest file
information in the DC database (step 1109). The DCMF
may then determine which clients require a manifest up-
date and trigger the CCSF to send a manifest update
trigger over the control channels of those clients (step
1110).
[0102] The manifest update trigger may signal the cli-
ent that it needs to request a new or updated manifest
file (step 1111) by sending a manifest request to the CD-
NCF (see step 1101). The CDNCF receives the manifest
request and creates or selects a new manifest file suitable
for the client (see step 1102) (step 1012). In this case,
the new or updated manifest file may for example replace
the URLs associated with the first delivery node DN1 with
URLs associated with another delivery node DN hosting
the same segments (e.g. third delivery node DN3). The
URLs associated with delivery node DN2 are not re-
placed since only the first delivery node DN1 was in dan-
ger over becoming overloaded. The CDNCF may send
the new or updated manifest file to the client (step 1113),
which may update its (internal) list of segments and con-
tinue the streaming process by requesting segments list-
ed in the new or updated manifest.
[0103] Since the client has received a new or updated
manifest file, the CDNCF may update the manifest file
information associated with that client in the DC database
by performing the step as described with reference to
1104. This way, if at some point in the future an overload
problem occurs, the CDNCF may be able to redirect the
client again to another delivery node.
[0104] Hence, the embodiment depicted in Fig. 11 pro-
vides the advantage that segments referenced by a sin-
gle manifest can be distributed over multiple delivery
nodes, where each delivery node hosts only a subset of
all the segments. One advantage of this is that it allows
a CDN to distinguish between different types of seg-
ments. In segmented content certain segments are more
popular (more often requested) than other segments. For
example in a temporal segmented video title, earlier seg-
ments are typically more often requested than the later
segments. In another example, a video title may have
segments related to different video qualities, where some
qualities will be more popular than other. In such case,
a CDN might host the more popular segments at more
delivery nodes than the less popular segments, providing
for additional scalability and higher efficiency.
[0105] Fig. 12 depicts a content streaming system ac-
cording another embodiment of the invention. In partic-
ular, Fig. 12 illustrates a CDN-based content delivery
system which is similar to the one described with refer-
ence in Fig. 6. In this embodiment however the system

comprises at least two interconnected CDNs. In particu-
lar, the content streaming system comprises a first CDN
1202 (also referred to as the upstream CDN) intercon-
nected via an CDN interconnect interface 1264 to at least
a second CDN 1204 (also referred to as the downstream
CDN) wherein each CDN is configured to provide net-
work-initiated control of streaming processes between
one or more delivery nodes in the CDN and one or more
clients. The network-initiated control may be realized on
the basis of the streaming control channel functionality
as described with reference to Fig. 2-5.
[0106] The content delivery system may further com-
prise at a content source 1201 connected via a transport
network 600 to one or more terminals 1204 hosting a
client 1203. The content source may relate to a content
provider system CPS, a content preparation system or
another CDN. A CPS may be configured to offer content,
e.g. a video title, to customers, which may purchase and
receive the content using a client which comprises a me-
dia streaming function 1252 which processes the stream
for play-out by a video play-out function 1251.
[0107] Similar to Fig. 6, a CDN may comprise delivery
nodes 1211,1212,1215 and at least one CCN 1210,1223.
Each delivery node may comprise or be associated with
a controller 1230,1231,1234 and a cache
1232,1233,1235 for storing and buffering content. Each
CCN may comprise or may be associated with an inges-
tion node (or content origin function, COF) 1220,1223 for
controlling ingestion of content from an external source,
e.g. a content provider or another CDN, a content location
database 1222,1225 for maintaining information about
where content is stored within a CDN and a CDN control
function (CDNCF) 1221,1224 for controlling the distribu-
tion of one or more copies of the content to the delivery
nodes and for redirecting clients to appropriate delivery
nodes (a process also known as request routing). A cus-
tomer may purchase content, e.g. video titles, from a CPS
1260 by sending a request to a web portal (WP) 1261,
which is configured to provide title references identifying
purchasable content items in a similar way as described
with reference to Fig. 6.
[0108] The CDNCF may manage the locations where
segments may be retrieved using the content location
database 1222,1225. Further, a CDN may comprise a
Delivery Continuity Node (DCN) 1213,1216 that is con-
figured to set-up and manage streaming control channels
associated with clients and to maintain a database com-
prising client information and manifest file information the
delivery node(s) these clients are connected to. The DCN
may be configured as a stand-alone DCN or integrated
in a CDNCF.
[0109] The DCN may comprise a delivery continuity
management function (DCMF) 1240,1243 for monitoring
notifications originating from the request-routing (RR)
function of the CDNCF, a control channel server function
(CCSF) 1241,1244 monitoring for channel set-up re-
quests from clients and to set-up a streaming control
channel with a control channel function 1250 in the client;
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and, a delivery continuity (DC) database 1242,1245 in or
associated with the DCN for storing client information
(e.g. IP address of a client) and manifest file information
(i.e. segment identifiers (e.g. file names) and location in-
formation (e.g. URLs) associated with at least part of the
delivery nodes hosting these segments).
[0110] The DCMF may monitor for network notification,
e.g. overload or failure notifications originating from the
request-routing (RR) function of the CDNCF, a separate
overload-function in the CDN or a network monitoring
function, and to start a manifest file update process in
response to the reception of such notification. The details
of the manifest file update process will be described here-
under in more detail with reference to Fig. 13.
[0111] In the content delivery system of Fig. 12, the
upstream CDN may outsource part of the delivery of seg-
ments to a client to the downstream CDN. For example,
in one embodiment, low-quality segments may be locat-
ed and delivered by a first CDN A (configured e.g. for
delivery of content to mobile devices) and high quality
segments may be located and delivered by a second
CDN B (configured e.g. for delivery of high-quality seg-
ments to home media devices supporting HDTV technol-
ogy).
[0112] When outsourcing part of the delivery of the
segments to a downstream CDN, the upstream CDN (or
in particular the CDNCF of the upstream CDN) may start
a process for generating a manifest file comprising ref-
erences to one or more delivery nodes in the first CDN
A and references to one or more delivery nodes in the
second CDN B. Such manifest file may be referred to as
an inter-CDN manifest file. The inter-CDN manifest file
may further comprise channel set-up information for set-
ting up a streaming control channel between the client
and the upstream CDN A.
[0113] During the process of generating the inter-CDN
manifest file, information may be exchanged between
CDNs via interconnection interface 1264. In particular,
during the generation of the inter-CDN manifest file, the
upstream CDN may request the downstream CDN for
location information regarding one or more segments
which where outsourced to the downstream CDN. In re-
sponse, the downstream CDN may select a delivery node
hosting the requested segments on the basis of contex-
tual information regarding the client. For example, the
downstream CDN may select a delivery node, which is
geographically closest to the location of the client. This
information is subsequently sent to the CDNCF of the
upstream CDN for generation of the inter-CDN manifest
file. Hence, the content delivery system in Fig. 13 is con-
figured to dynamically generate a "personalized" inter-
CDN manifest file.
[0114] Once an inter-CDN manifest file is generated
and forwarded to a client, the control channel function in
the client, may set up a streaming control channel with
the CCSF in the DCN of the upstream CDN using the
channel set-up information in the inter-CDN manifest file
and start requesting and play-out segments.

[0115] During the streaming process, the DCMF may
receive an network notification, e.g. an (over)load notifi-
cation or failure notification, from the CDNCF and deter-
mine that the client should be redirected to one or more
other delivery nodes. A network notification may be re-
lated to a network problem situation in the upstream CDN
or downstream CDN. In the latter case, the CDNCF of
the downstream CDN may send an network notification
via the interconnect interface 1264 to CDNCF of the up-
stream CDN.
[0116] Fig. 13 depicts a message flow for use in a con-
tent streaming system according yet a further embodi-
ment of the invention. In particular, Fig. 13 shows a mes-
sage flow for use in a content delivery network as depict-
ed in Fig. 12, wherein the manifest file may comprise
references to segments hosted on different delivery
nodes associated with different CDNs.
[0117] The process may start with a user selecting a
link to a video on a website wherein the URL points (e.g.
through redirection) to a manifest file hosted on a first
CDNCF associated with a first CDN A (step 1300). This
CDN may also be referred to as the upstream CDN. Upon
selection, the client may send a HTTP GET request to
obtain the manifest file from the CDNCF of CDN A (step
1301).
[0118] After having received the manifest request from
the client, the first CDNCF may start a process for cre-
ating a new manifest file or updating an existing manifest
file, wherein the manifest file may comprise references
to segments on different delivery nodes associated with
different CDNs (step 1302). For example, in one embod-
iment, low-quality segments may be located and deliv-
ered by a first CDN A (configured e.g. for delivery of con-
tent to mobile devices). This CDN may be referred to as
the upstream CDN. Further, high quality segments may
be located and delivered by a second CDN B (configured
e.g. for delivery of high-quality segments to home media
devices supporting HDTV technology). This CDN may
be referred to as the downstream CDN. A manifest file
comprising references to at least a first delivery node
DN1 associated with first CDN A and a second delivery
node DN2 associated with CDN B may be referred to as
an inter-CDN manifest file. The inter-CDN manifest file
may further comprise channel set-up information for set-
ting up a streaming control channel between the client
and the first CDNCF associated with upstream CDN A.
[0119] In one embodiment, an inter-CDN manifest file
may be generated on the basis of a process wherein the
first CDNCF of the upstream CDN A requests the second
CDNCF of the downstream CDN B to provide references
to locations of a predetermined number of segments
which should be delivered to the client by CDN B.
[0120] The first CDNCF may then send the inter-CDN
manifest file to the client (step 1303) wherein the first
CDNCF may store client information (e.g. its IP address)
and manifest file information, comprising the manifest file
identifier, or Manifest ID, associated with at least part of
a video title, and the location information of the particular
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(set of) delivery node(s) hosting the segments that are
referenced by the manifest file) associated with the first
CDN A and a (particular set of) delivery node(s) associ-
ated with the second CDN B, in the DC database asso-
ciated with the first CDNCF (step 1304). Here, the seg-
ments may be identified by a file name and the delivery
nodes may be identified by delivery node identifiers.
Here, the manifest file identifier may be identified by a
number and the delivery nodes may be identified by de-
livery node identifiers known within the CDN.
[0121] Hence, during the generation of the inter-CDN
manifest file, communication between the first and sec-
ond CDNCF takes place so that - although the second
CDNCF is not aware of all segments in the inter-CDN
manifest file -, the second CDNCF is aware that a pre-
determined number of segments located on a (particular
set of) its delivery node(s) may be requested by a client
in the (near) future. Therefore, the second CDNCF may
store inter-CDN information comprising the delivery
nodes in the downstream CDN (in this example the sec-
ond delivery node DN2) together with a reference to the
upstream CDN (in this case the first CDNCF) in the DC
database associated with second CDN B so that it is able
to notify any network problems, e.g. load or failure prob-
lems with on of these delivery nodes to the first CDNCF
(step 1305).
[0122] The client may parse the inter-CDN manifest
file in order to obtain the locations of the segments mak-
ing up the video (step 1306) and use the channel set-up
information in the manifest file to setup a streaming con-
trol channel between the first CDNCF and the client (step
1307) (The process of setting up the channel is described
in Fig. 2 and 3, and is not repeated here.)
[0123] During establishment of the streaming control
channel, the CCSF associated with the first CDN may
correlate the channel setup request with a specific client
and associated (set of) delivery node(s) by using the in-
formation stored in the first DC database (step 1309). In
particular, the CCSF may query the DC database for the
client for which a streaming control channel is set up
(wherein the client may be identified e.g. its IP address)
and assign a unique streaming channel identifier (e.g.
the port number or, in case WebSocket is used, a Web-
Socket ID) to the database entry belonging to the client.
This way, functions in the first CDN1 are able to relate a
specific client-channel combination to a particular (set
of) delivery node(s). After establishment of the streaming
control channel, the client may start the streaming proc-
ess by requesting, receiving and playing out segments
obtained from both the first delivery node DN1 associated
with the first (upstream) CDN A and the second delivery
node DN2 associated with the second (downstream)
CDN B (step 1308).
[0124] During the streaming process, at some point in
time, the second CDNCF, which is monitoring its own
delivery nodes, may notice a network problem, e.g. a
network failure in the second delivery node DN2 or that
the load on the second delivery node DN2 reaches or

approaches a predetermined (maximum) threshold value
(step 1309). Then, on the basis of the inter-CDN infor-
mation in the DC database, the second, CDNCF may
notify the network problem to the first CDNCF by sending
a network notification, e.g. an (over)load notification or a
failure notification to the first CDNCF. The overload no-
tification may signal the first CDNCF that at least part of
the references to the delivery nodes in the second CDN,
in particular references to the delivery nodes listed in the
inter-CDN manifest file, need to be updated (step 1310).
[0125] Hence, upon receiving a network notification
from the second CDNCF, the first CDNCF trigger the
DCMF to check which clients have been sent an inter-
CDN manifest file that contains references to the second
delivery node DN2 (step 1311) on the basis of the man-
ifest file information stored in the DC database associat-
ed with the first CDN A. The DCMF may then determine
which clients to redirect and to trigger the CCSF to send
a manifest update trigger via the control channels of the
clients, which need to be redirected (step 1312). Upon
receiving the manifest update trigger, the client will re-
quest a new manifest file (step 1313) by sending a man-
ifest file request to the first CDNCF (similar to step 1301).
[0126] The first CDNCF receives the manifest request
and will generate a new or an updated manifest file suit-
able for the client (step 1314) in cooperation with the
second CDNCF in a similar ways as described above
with reference to step 1302. For example, in one embod-
iment, the second CDNCF may replace the URLs refer-
ring to the (almost) overloaded delivery nodes in the sec-
ond CDN (in this case the second delivery node) with
URLs to another delivery node, e.g. a fourth delivery node
DN4 hosting the same segments, and send these refer-
ences to the first CDNCF. The URLs referring to the de-
livery node DN 1 in the first CDN A are not replaced since
for that delivery node no overload signalling was received
by the first CDNCF. The first CDNCF may send the up-
dated inter-CDN manifest file to the client (step 1315),
which may update it internal list of segments on the basis
of the updated manifest file and continue streaming by
requesting requests the subsequent segments from the
URLs listed in the new manifest.
[0127] Since the client has received a new or updated
manifest file, the first CDNCF may update the manifest
file information associated with that client in the DC da-
tabase by performing the step as described with refer-
ence to 1304. Furthermore, the second CDNCF may up-
date the inter-CDN information comprising the delivery
nodes in the downstream CDN (in this example the fourth
delivery node DN4) together with a reference to the up-
stream CDN (in this case the first CDNCF) in the DC
database associated with second CDN B in a similar was
as described with reference to step 1305. This way, if at
some point in the future an overload problem in CDN B
occurs, the second CDNCF may be able to redirect the
client again to another delivery node.
[0128] Hence, the embodiment depicted in Fig. 13 pro-
vides the advantage that it allows for segmented content
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to be distributed over multiple CDNs, where each CDN
hosts only a subset of all segments. This embodiment
provides the same type of advantages as discussed in
reference to Fig. 11, however in this case different de-
livery nodes may be distributed over multiple CDNs. One
further advantage of this is that it allows an upstream
CDN to outsource some workload to another down-
stream CDN. This embodiment further allows the use of
specialized CDNs. For example, in one embodiment a
first CDN may be configured and optimized for delivery
to mobile devices, hosting mostly lower quality segments,
while a second CDN may be configured and optimized
for delivery to HD play-out device, hosting mostly higher
quality segments.
[0129] It is submitted that in the above-described CDN
embodiments, instead of sending an update manifest
trigger to a client which responses by requesting an up-
dated or new manifest file, (part of) the new or updated
manifest file may be sent directly to the client via the
streaming control channel to the client.
[0130] Fig. 14 depicts a manifest file according to one
embodiment of the invention. In particular, Fig. 14 shows
an embodiment of a manifest file comprising references,
e.g. URLs, to a delivery node configured to delivery a
particular set of segments. In this particular example, the
manifest file may comprise references to two different
sets of segments, e.g. low and high-bitrate segments,
related to the same content stored at a delivery node.
The manifest file may further comprise channel set-up
information. In one embodiment, the channel set-up in-
formation may comprise a channel target parameter
1400 providing a reference to the network node compris-
ing a streaming control function (or in the CDN case a
control channel server function). Further, in another em-
bodiment, the channel set-up information may comprise
channel parameters 1402, i.e. parameters used by the
streaming control function/control channel server func-
tion. For example, in the case of WebSocket the param-
eters may refer to the use of WebSocket sub-protocols,
WebSocket version, etc.
[0131] It is to be understood that any feature described
in relation to any one embodiment may be used alone,
or in combination with other features described, and may
also be used in combination with one or more features
of any other of the embodiments, or any combination of
any other of the embodiments. One embodiment of the
invention may be implemented as a program product for
use with a computer system. The program(s) of the pro-
gram product define functions of the embodiments (in-
cluding the methods described herein) and can be con-
tained on a variety of computer-readable storage media.
Illustrative 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, flash mem-
ory, ROM chips or any type of solid-state nonvolatile sem-
iconductor memory) on which information is permanently
stored; and (ii) writable storage media (e.g., 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. The invention is not
limited to the embodiments described above, which may
be varied within the scope of the accompanying claims.

Claims

1. Method for enabling network-initiated control of
streaming of segmented content from a delivery
node (232) to at least one client (230), said method
comprising:

receiving a first manifest file (204) comprising
one or more segment identifiers and location in-
formation for locating one or more content de-
livery nodes configured to transmit one or more
segments associated with said one or more
identifiers to said at least one client;
providing the client with channel set-up informa-
tion (210); and,
establishing at least one streaming control chan-
nel between said at least one client and a control
channel server function associated with said de-
livery node on the basis of said provided channel
set-up information, said at least one client being
configured for receiving at least one manifest
file update message (224) via said streaming
control channel.

2. Method according to claim 1, wherein said establish-
ing is in response to the reception of said first man-
ifest file at the client.

3. Method according to claim 1 or 2, comprising:

monitoring said streaming control channel for at
least one manifest file update message.

4. Method according to any of claims 1-3, comprising:

detecting a manifest file update message;
retrieving at least part of a second manifest file
in response to the detection of said manifest file
update message;

5. Method according to any of claims 1-4, wherein at
least part of said channel set-up information is pro-
vided to said client in said first manifest file.

6. Method according to any of claims 1-5, wherein said
channel set-up information comprises server loca-
tion information for locating said control channel
server function in the network.

7. Method according to any of claims 1-6 wherein said
manifest file update message comprises at least part
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of a second manifest file or wherein said manifest
file update message comprises manifest file location
information for locating and requesting at least part
of said second manifest file.

8. Method according to any of claims 1-7 wherein said
segmented content is delivered to said at least one
client on the basis of an HTTP-based streaming
protocol ; and/or, wherein said streaming control
channel is established on the basis of a WebSocket
protocol, a SIP protocol, an XMPP protocol and/or
combinations thereof.

9. Method according to claim 1, wherein at least part
of said channel set-up information is provided to said
client in a message which is separate from the man-
ifest file.

10. A content processing device comprising a client
(230) for controlling reception of segmented content
transmitted from at least one delivery node, said first
delivery node (234) being associated with a first con-
trol channel server function, said client being config-
ured for:

transmitting (202) to said at least one delivery
node a request for delivering segmented con-
tent;
receiving (204) a manifest file comprising one
or more segment identifiers and location infor-
mation for locating one or more content delivery
nodes configured to transmit one or more seg-
ments associated with said segment identifiers
to the client;
being provided with channel set-up information
(210); and,
establishing a streaming control channel be-
tween the client and said first control channel
server function on the basis of said channel set-
up information
receiving at least one manifest file update mes-
sage (224) from said first control channel server
function via said streaming control channel.

11. A content processing device according to claim 10,
wherein said channel set-up information is com-
prised in said manifest file.

12. A control channel server function associated with at
least one delivery node (234) for enabling network-
initiated control of streaming of segmented content
from said delivery node to one or more clients, said
control channel server function being configured for:

receiving (202) at least one request for deliver-
ing segmented content to said one or more cli-
ents;
generating at least a manifest file comprising

one or more segment identifiers and location in-
formation for locating one or more content de-
livery nodes configured to transmit one or more
segments associated with said segment identi-
fiers to said one or more clients and channel set-
up information;
transmitting (204) said first manifest file to at
least one of said one or more clients; and,
participating in the set-up (208, 210) of at least
a first streaming control channel between said
at least one client and said control channel serv-
er function, said set-up being based on said
channel set-up information; and, said control
channel server function being further configured
for generating a manifest file update message
and for transmitting (224) said message via said
first streaming control channel to said client.

13. A control channel server function according to claim
12, wherein generating said at least one manifest
file comprises:

providing one or more first segment identifiers
and first location information for locating one or
more content delivery nodes in a first content
delivery network (CDN1
requesting a second content delivery network
one or more second segment identifiers and
second location information for locating one or
more content delivery nodes in said second con-
tent delivery network (CDN2);
generating said manifest file on the basis of at
least part of said one or more first and second
segment identifiers and first and second location
information respectively.

14. A computer program product comprising software
code portions configured for, when run in the mem-
ory of a computer, executing the method steps ac-
cording to any of claims 1-9.

Patentansprüche

1. Verfahren zum Ermöglichen von netzwerkinitiierter
Steuerung des Streamings von segmentiertem In-
halt aus einem Zustellungsknoten (Delivery-Knoten)
(232) an mindestens einen Client (230), wobei das
Verfahren umfasst:

Empfangen einer ersten Manifestdatei (204),
die ein oder mehrere Segmentidentifikatoren
und Ortsinformationen zum Lokalisieren von ei-
nem oder mehreren Inhaltszustellungsknoten
(Content Delivery-Knoten) umfasst, die konfigu-
riert sind, um ein oder mehrere Segmente, die
einem oder mehreren Identifikatoren zugeord-
net sind, an den mindestens einen Client zu
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übertragen;
Bereitstellen von Kanaleinrichtungsinformatio-
nen (210) an den Client; und
Aufbauen von mindestens einem Streaming-
steuerungskanal zwischen dem mindestens ei-
nen Client und einer Steuerungskanalserver-
funktion, die dem Delivery-Knoten auf der Basis
der bereitgestellten Kanaleinrichtungsinformati-
onen zugeordnet ist, wobei der mindestens eine
Client zum Empfangen von mindestens einer
Manifestdateiaktualisierungsnachricht (224)
über den Streamingsteuerungskanal konfigu-
riert ist.

2. Verfahren nach Anspruch 1, wobei das Aufbauen in
Reaktion auf den Empfang der ersten Manifestdatei
beim Client erfolgt.

3. Verfahren nach Anspruch 1 oder 2, umfassend:

Überwachen des Streamingsteuerungskanals
auf mindestens eine Manifestdateiaktualisie-
rungsnachricht.

4. Verfahren nach einem der Ansprüche 1-3, umfas-
send:

Erkennen einer Manifestdateiaktualisierungs-
nachricht;
Abrufen mindestens eines Teils einer zweiten
Manifestdatei in Reaktion auf die Erkennung der
Manifestdateiaktualisierungsnachricht.

5. Verfahren nach einem der Ansprüche 1-4, wobei
mindestens ein Teil der Kanaleinrichtungsinformati-
onen dem Client in der ersten Manifestdatei bereit-
gestellt wird.

6. Verfahren nach einem der Ansprüche 1-5, wobei die
Kanaleinrichtungsinformationen Serverortsinforma-
tionen zum Lokalisieren der Steuerungskanalser-
verfunktion in dem Netzwerk umfassen.

7. Verfahren nach einem der Ansprüche 1-6, wobei die
Manifestdateiaktualisierungsnachricht mindestens
einen Teil einer zweiten Manifestdatei umfasst, oder
wobei die Manifestdateiaktualisierungsnachricht
Manifestdateiortsinformationen zum Lokalisieren
und Anfordern mindestens eines Teils der zweiten
Manifestdatei umfasst.

8. Verfahren nach einem der Ansprüche 1-7, wobei der
segmentierte Inhalt dem mindestens einen Client auf
der Basis eines HTTP-basierten Streamingproto-
kolls zugestellt wird;
und/oder wobei der Streamingsteuerungskanal auf
der Basis eines WebSocket-Protokolls, eines SIP-
Protokolls, eines XMPP-Protokolls und/oder Kombi-

nationen davon aufgebaut wird.

9. Verfahren nach einem der Ansprüche 1, wobei min-
destens ein Teil der Kanaleinrichtungsinformationen
dem Client in einer Nachricht bereitgestellt wird, die
getrennt von der Manifestdatei vorliegt.

10. Inhaltverarbeitungsvorrichtung, umfassend einen
Client (230) zum Steuern des Empfangs von seg-
mentiertem Inhalt, der von mindestens einem Deli-
very-Knoten übertragen wird, wobei der erste Deli-
very-Knoten (234) einer ersten Steuerungskanalser-
verfunktion zugeordnet ist, wobei der Client konfigu-
riert ist zum:

Übertragen (202) einer Anfrage nach Zustellung
von segmentiertem Inhalt an den mindestens ei-
nen Delivery-Knoten;
Empfangen (204) einer Manifestdatei, die ein
oder mehrere Segmentidentifikatoren und Ort-
sinformationen zum Lokalisieren von einem
oder mehreren Content Delivery-Knoten um-
fasst, die konfiguriert sind, um ein oder mehrere
Segmente, die einem oder mehreren Segmenti-
dentifikatoren zugeordnet sind, an den Client zu
übertragen;
Bereitgestellt bekommen von Kanaleinrich-
tungsinformationen (210); und
Aufbauen eines Streamingsteuerungskanals
zwischen dem Client und der ersten Steue-
rungskanalserverfunktion auf der Basis der Ka-
naleinrichtungsinformationen, Empfangen von
mindestens einer Manifestdateiaktualisierungs-
nachricht (224) von der ersten Steuerungska-
nalserverfunktion über den Streamingsteue-
rungskanal.

11. Inhaltsverarbeitungsvorrichtung nach Anspruch 10,
wobei die Kanaleinrichtungsinformationen in der
Manifestdatei enthalten sind.

12. Steuerungskanalserverfunktion, die mindestens ei-
nem Delivery-Knoten (234) zugeordnet sind, um
netzwerkinitiierte Steuerung des Streamings von
segmentiertem Inhalt aus dem Delivery-Knoten an
einen oder mehrere Clients zu ermöglichen, wobei
die Steuerungskanalserverfunktion konfiguriert ist
zum:

Empfangen (202) von mindestens einer Anfor-
derung zur Zustellung von segmentiertem Inhalt
an den einen oder die mehreren Clients;
Generieren mindestens einer Manifestdatei, die
ein oder mehrere Segmentidentifikatoren und
Ortsinformationen zum Lokalisieren von einem
oder mehreren Content Delivery-Knoten um-
fasst, die konfiguriert sind, um ein oder mehrere
Segmente, die einem oder mehreren Segmenti-
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dentifikatoren zugeordnet sind, an den einen
oder die mehreren Clients zu übertragen, und
Kanaleinrichtungsinformationen;
Übertragen (204) der ersten Manifestdatei an
mindestens einen des einen oder der mehreren
Clients; und
Teilnehmen an der Einrichtung (208, 210) von
mindestens einem ersten Streamingsteue-
rungskanal zwischen dem mindestens einen
Client und der Steuerungskanalserverfunktion,
wobei die Einrichtung auf den Kanaleinrich-
tungsinformationen basiert und die Steuerungs-
kanalserverfunktion ferner konfiguriert ist, um
eine Manifestdateiaktualisierungsnachricht zu
generieren und die Nachricht über einen ersten
Streamingsteuerungskanal an den Client zu
übertragen (224).

13. Steuerungskanalserverfunktion nach Anspruch 12,
wobei das Generieren der mindestens einen Mani-
festdatei umfasst:

Bereitstellen von einem oder mehreren ersten
Segmentidentifikatoren und ersten Ortsinforma-
tionen zum Lokalisieren von einem oder meh-
reren Content Delivery-Knoten in einem ersten
Content Delivery-Netzwerk (CDN1);
Anfordern von einem zweiten Content Delivery-
Netzwerk von einem oder mehreren zweiten
Segmentidentifikatoren und zweiten Ortsinfor-
mationen zum Lokalisieren von einem oder
mehreren Content Delivery-Knoten in einem
zweiten Content Delivery-Netzwerk (CDN2);
Generieren der Manifestdatei auf der Basis min-
destens eines Teils des einen oder der mehre-
ren ersten und zweiten Segmentidentifikatoren
beziehungsweise ersten und zweiten Ortsinfor-
mationen.

14. Computerprogrammprodukt, das Softwarecodeab-
schnitte umfasst, die konfiguriert sind, um bei Aus-
führung in dem Arbeitsspeicher eines Computers die
Verfahrensschritte gemäß einem der Ansprüche 1-9
auszuführen.

Revendications

1. Procédé destiné à permettre un contrôle à l’initiative
du réseau de la diffusion en flux de contenu segmen-
té d’un noeud (232) de distribution à au moins un
client (230), ledit procédé comportant les étapes
consistant à :

recevoir (204) un premier fichier de manifeste
comportant un ou plusieurs identifiants de seg-
ments et des informations de localisation ser-
vant à localiser un ou plusieurs noeuds de dis-

tribution de contenu configurés pour envoyer un
ou plusieurs segments associés audit ou auxdits
identifiants audit ou auxdits clients ;
fournir (210) des informations d’établissement
de canal au client ; et
établir au moins un canal de contrôle de diffusion
en flux entre ledit ou lesdits client et une fonction
de serveur pour canaux de contrôle associée
audit noeud de distribution d’après lesdites in-
formations d’établissement de canal fournies,
ledit ou lesdits client étant configuré pour rece-
voir (224) au moins un message de mise à jour
du fichier de manifeste via ledit canal de contrôle
de diffusion en flux.

2. Procédé selon la revendication 1, ledit établissement
ayant lieu en réaction à la réception dudit premier
fichier de manifeste au niveau du client.

3. Procédé selon la revendication 1 ou 2, comportant
l’étape consistant à :

surveiller l’apparition sur ledit canal de contrôle
de diffusion en flux d’au moins un message de
mise à jour du fichier de manifeste.

4. Procédé selon l’une quelconque des revendications
1 à 3, comportant les étapes consistant à :

détecter un message de mise à jour du fichier
de manifeste ;
récupérer au moins une partie d’un deuxième
fichier de manifeste en réaction à la détection
dudit message de mise à jour du fichier de ma-
nifeste.

5. Procédé selon l’une quelconque des revendications
1 à 4, au moins une partie desdites informations
d’établissement de canal étant fournie audit client
dans ledit premier fichier de manifeste.

6. Procédé selon l’une quelconque des revendications
1 à 5, lesdites informations d’établissement de canal
comportant des informations de localisation de ser-
veur servant à localiser ladite fonction de serveur
pour canaux de contrôle dans le réseau.

7. Procédé selon l’une quelconque des revendications
1 à 6, ledit message de mise à jour du fichier de
manifeste comportant au moins une partie d’un
deuxième fichier de manifeste ou ledit message de
mise à jour du fichier de manifeste comportant des
informations de localisation de fichier de manifeste
servant à localiser et à demander au moins une par-
tie dudit deuxième fichier de manifeste.

8. Procédé selon l’une quelconque des revendications
1 à 7, ledit contenu segmenté étant distribué audit
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ou auxdits clients d’après un protocole de diffusion
en flux basé sur HTTP ;
et/ou ledit canal de contrôle de diffusion en flux étant
établi d’après un protocole WebSocket, un protocole
SIP, un protocole XMPP et/ou des combinaisons de
ceux-ci.

9. Procédé selon la revendication 1, au moins une par-
tie desdites informations d’établissement de canal
étant fournie audit client dans un message qui est
distinct du fichier de manifeste.

10. dispositif de traitement de contenu comportant un
client (230) servant à contrôler la réception de con-
tenu segmenté émis à partir d’au moins un noeud
de distribution, ledit premier noeud (234) de distri-
bution étant associé à une première fonction de ser-
veur pour canaux de contrôle, ledit client étant con-
figuré pour:

envoyer (202) audit ou auxdits noeud de distri-
bution une demande de distribution de contenu
segmenté ;
recevoir (204) un fichier de manifeste compor-
tant un ou plusieurs identifiants de segments et
des informations de localisation servant à loca-
liser un ou plusieurs noeuds de distribution de
contenu configurés pour envoyer au client un ou
plusieurs segments associés auxdits identi-
fiants de segments ;
se voir fournir (210) des informations d’établis-
sement de canal ; et
établir un canal de contrôle de diffusion en flux
entre le client et ladite première fonction de ser-
veur pour canaux de contrôle d’après lesdites
informations d’établissement de canal ;
recevoir (224) au moins un message de mise à
jour du fichier de manifeste provenant de ladite
première fonction de serveur pour canaux de
contrôle via ledit canal de contrôle de diffusion
en flux.

11. Dispositif de traitement de contenu selon la reven-
dication 10, lesdites informations d’établissement de
canal figurant dans ledit fichier de manifeste.

12. Fonction de serveur pour canaux de contrôle asso-
ciée à au moins un noeud (234) de distribution pour
permettre un contrôle à l’initiative du réseau de la
diffusion en flux de contenu segmenté dudit noeud
de distribution à un ou plusieurs clients, ladite fonc-
tion de serveur pour canaux de contrôle étant con-
figurée pour:

recevoir (202) au moins une demande de distri-
bution de contenu segmenté audit ou auxdits
clients ;
générer au moins un fichier de manifeste com-

portant un ou plusieurs identifiants de segments
et des informations de localisation servant à lo-
caliser un ou plusieurs noeuds de distribution
de contenu configurés pour envoyer un ou plu-
sieurs segments associés auxdits identifiants de
segments audit ou auxdits clients et des infor-
mations d’établissement de canal ;
envoyer (204) ledit premier fichier de manifeste
à au moins un dudit ou desdits clients ; et
participer à l’établissement (208, 210) d’au
moins un premier canal de contrôle de diffusion
en flux entre ledit ou lesdits clients et ladite fonc-
tion de serveur pour canaux de contrôle, ledit
établissement étant basé sur lesdites informa-
tions d’établissement de canal ; et
ladite fonction de serveur pour canaux de con-
trôle étant en outre configuré pour générer un
message de mise à jour du fichier de manifeste
et pour envoyer (224) ledit message audit client
via ledit premier canal de contrôle de diffusion
en flux.

13. Fonction de serveur pour canaux de contrôle selon
la revendication 12, la génération dudit ou desdits
fichiers de manifeste comportant les étapes consis-
tant à :

mettre en place un ou plusieurs premiers iden-
tifiants de segments et des premières informa-
tions de localisation servant à localiser un ou
plusieurs noeuds de distribution de contenu
dans un premier réseau de distribution de con-
tenu (CDN1) ;
demander à un deuxième réseau de distribution
de contenu un ou plusieurs deuxièmes identi-
fiants de segments et des deuxièmes informa-
tions de localisation servant à localiser un ou
plusieurs noeuds de distribution de contenu
dans ledit deuxième réseau de distribution de
contenu (CDN2) ;
générer ledit fichier de manifeste d’après au
moins une partie dudit ou desdits premiers et
deuxièmes identifiants de segments et des pre-
mières et deuxièmes informations de localisa-
tion respectivement.

14. Produit de programme d’ordinateur comportant des
parties de code logiciel configurées, lorsqu’elles sont
exécutées dans la mémoire d’un ordinateur, pour
exécuter les étapes du procédé selon l’une quelcon-
que des revendications 1 à 9.
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