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(57) Abstract: The invention relates to a mobile telecommunication device (22) comprising: - a receiver (40) for receiving content
data via a mobile telecommunication network; - a play-out butfer (41) for holding downloaded but yet un-played content data; - a
media reader (42) for reading content data at a media rate from the play-out buffer and for sending content to a display or speaker for
rendering; - a segment request controller (46) for sending media segment requests to a remote server; - a butfer fill monitor (45) for
checking a fill level of the play-out buffer, continuously or at least at the end of a media segment download. The segment request
controller (46) is contigured switch between a state of continuously requesting media segments and a state of not requesting any me -
dia segments. This switching is depending on the fill level. By restricting the download of segments, more and longer idle period are
created which increases the chance that the radio state is switched down, so as to save battery and resources.
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Media streaming in mobile networks with improved efficiency

Technical field
The invention relates to media streaming techniques in telecommunication networks,

using adaptive media rate and/or non-adaptive media rate.

Background

There is an increased interest in HTTP streaming of media, in particular video. This has
evolved beyond simple progressive download to give two new features: bit-rate
adaptation and live content. The way this is achieved is that the content is partitioned
into multiple segments, or files, each corresponding to a small time-interval of content,
for example 5 or 10 seconds. A client device is provided with a manifest file (also known
as a Media Presentation Description, MPD) which lists the different segments and
where to fetch them and the client fetches them one by one. Alternative representations
of the content (e.g. different bit-rates or qualities) can be provided in different segments
so that a client can adapt the bit-rate dynamically by choosing one of several alternative
segments for each time interval. The segments are typically formatted as MPEG-2
transport streams or MP4 files (including 3GP files and other file formats based on the
ISO base media file format). The split into different segments/files that are fetched via a
standard web protocol like HTTP is also said to be cache-friendly, or CDN (Content
Distribution Network) friendly, since it does not require any state in the server or cache,

in contrast to streaming servers based on protocols like RTSP.

3GPP has standardized a solution for HTTP streaming called Adaptive HTTP Streaming
(AHS) in Release 9 of PSS. The Motion Picture Experts Group (MPEG) has extended
AHS to a new standard called Dynamic Adaptive Streaming over HTTP (DASH) which
is currently finalized and also being used as a basis for the Release 10 version of HTTP
streaming in 3GPP called 3GP-DASH 10. Other (non-standardized) solutions for HTTP
streaming include HTTP Live Streaming by Apple and Smooth Streaming by Microsoft.
Mobile broadband radio networks typically employ a state machine in the radio

interface. A higher radio state is used to provide a high throughput channel to the
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mobile device, but staying in that state also costs resources in the radio network (e.g.
associated control signaling) as well as in the battery of the device. Therefore, it is more
efficient to transmit a given data volume with as high speed as possible, and then switch
down to a lower radio state to save network resources and battery. Due to the delay and
cost of switching radio state, this only makes sense if the idle period is long enough, so

that a substantial time can be spend in the lower radio state before switching up again.

Typically, down-switching of radio state is triggered by detecting an idle period of data

traffic with an inactivity timer. Other mechanisms can however also be used.

Video for Smart phones require media bitrates between 200kbps (low quality for
iPhones) and 600kbps (low quality for iPads). Shared bearers such as HSPA and LTE

can offer peak bitrates of 6Mbps and more.

In order to save battery and use system resources efficiently, the radio channel offers a
number of states. In a 3G WCDMA network, the highest state corresponds to
Cell_DCH/HSPA. The Cell-DCH radio state allows the highest peak-bitrates, but
requires also high system resources and drains the mobile phone battery the most. The
Cell-FACH radio state requires less system resources any battery, but also does allow
for moderate bitrates. Typically, the radio network moves the radio channel into a
“lower” state after a certain bearer idle period (meaning no data transmitted). Most
operators use a timeout in the order of 2 seconds. When the radio channel is idle for
another period, e.g. 10 seconds, the radio network moves the radio channel state to
URA-PCH, which is more battery efficient, but requires up-switching to a higher state in
order to transmit/receive data. There is also a device-initiated procedure to down-switch
state from Cell-DCH or Cell-FACH directly down to Idle or URA-PCH, which is
commonly referred to as “Fast dormancy”. The timer is typically in the order of 2-5
seconds. The timers described can vary between networks based on operator
configuration, and between devices based on device vendor’s configurations. There
may also be networks and devices with other algorithms to down switch state, not only

using a static timer.
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In an LTE network, the highest state corresponds to the Active sub-state of Connected
mode. Down switch to the idle mode state is typically initiated after an inactivity timer
expires. There are also battery-saving states within the Connected mode state (called
DRX sub states).

Adaptive HTTP streaming is becoming the dominant content streaming technique. A
number of different techniques exist such as Apple’s HTTP Live Streaming (HLS),
Microsoft Smooth-streaming (ISM) and 3GP / MPEG DASH. Those adaptive HTTP
streaming technique have common principles: The client receives the content stream as
a sequence of files, which are locally merged into a continuous media stream. The
URLs of the file sequence are described in the manifest file, which is an .m3u8 playlist

in case of HLS, an .ismc in case of Microsoft ISM and an .MPD in case of DASH.

The client fetches one media segment (file) after each other as described in the
manifest. During file download, the client measures the available link bit-rate (download
speed). Depending on the different between available link bit-rate and needed bit-rate
for the media, the client selects an according quality representation (slightly lower than

the measured link bit-rate).

The continuous media stream is segmented into media segments (files) on the server
side. These media segments are fetched by the client one-by-one as independent files.
The client merges the media segments of possibly different quality levels into a

continuous stream again.

In adaptive bit-rate streaming, a number of representations are defined in the manifest
file. These may correspond to different media bitrates. The client is typically tasked to
estimate what media bit rate can be delivered safely, and then request a corresponding
representations. If the available throughput decreases, a down-switch of media rate is
needed. If the available throughput increases, an up-switch of media rate can be done

to maximize the end-user experience.
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A problem with current media streaming technologies (both adaptive and non-adaptive)
is that they do not account for the radio state machine described above, and do not
provide a desired traffic pattern. Consequently, there is a chance that data is
transmitted with no or short idle periods between bursts, where either no down switch of

radio states is triggered, or an up switch is triggered too soon after a down switch.

Summary of the invention

It is an object to the invention to improve the telecommunication networks of the state of

the art.

According to a first aspect, there is provided a mobile telecommunication device
comprising:

- a receiver for receiving content data via a mobile telecommunication network;

- a play-out buffer for holding downloaded but yet un-played content data;

- a media reader for reading content data at a media rate from the play-out buffer and
for sending content to a display or speaker for rendering;

- a segment request controller for sending requests for new content segments to a
remote server,

- a buffer fill monitor for checking a fill level of the play-out buffer.

The segment request controller is configured to switch between a state of continuously
requesting content segments and a state of not requesting any content segments
depending on the fill level. The segment request controller may switch to the state of
continuously requesting new content segments when the fill level is below a minimum fill
value, and switches to the state of not requesting any content segments when the play-
out buffer fill level is above a maximum fill value. By switching to a state of not
requesting further segments, the chance increases that relatively long idle periods in the
communication between the network node and the device are created. During these
relatively long idle periods, the communication can be switch down to a lower radio

state, so as to save battery in the mobile device.
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In an embodiment the minimum fill level and the maximum fill level are locally
configured in the mobile telecommunication device or received from a remote server via
the mobile telecommunication network.

In a further embodiment, the device is configured for adaptive media streaming and
further comprises:

- a throughput estimator for estimating a current throughput;

- a media rate selector for selecting, out of a plurality of possible media rates, a
requested media rate for a next requested media segment,

- a memory for storing a manifest data file comprising information on the possible media
rates.

In yet another embodiment the buffer fill monitor is configured to use a predefined low
start value for the maximum value at the start of the download session, and then
increase the maximum value during the media download session, based on at least one
of: a content type, viewing or listening statistics collected for a specific media clip, user
ratings of a media clip, a length of a media clip, user context or inferred mood of the
user, and charging.

In an embodiment, the media rate selector is configured to calculate a ratio p between
the current throughput and the requested media rate, and instruct the segments request
controller to request a media rate higher than a predefined breakpoint media rate level
only if the ratio p is above a predefined ratio py, where py, > 1. The ratio py may be a

constant or it may be a function of the requested media rate.

According to a further aspect a network node for a telecommunication network,
comprises:

- a manifest file modifier configured to modify a manifest file so as to force a mobile
device to request a relatively large segment;

- a client request parsing module configured to receive a request for a media segment
from the device;

- a segment formatter and retriever configured to retrieve original media segments from
a remote server or a local storage, and reformat the media segments into a larger

segment; and
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- a content data delivery function configured to transfer the larger segment to the mobile
device.

The network node according may further comprise:

- a memory for storing a manifest data file comprising information on possible media
rates;

- a media rate decider configured to calculate a ratio p between the current throughput
and the requested media rate, and instruct the segment retriever to request a media
rate higher than a predefined breakpoint media rate level only if the ratio p is above a
predefined ratio pw, where pi, > 1;

- an unsuccessful response function for sending a rejection response to the mobile

communication device if the requested media rate was not accepted.

According to a further aspect a method of operating a mobile communication device is
provided, the method comprising:

- receiving content data via a mobile telecommunication network;

- holding in a play-out buffer downloaded but yet un-played content data;

- reading content data at a media rate from the play-out buffer and sending content to a
display or speaker for rendering;

- checking a fill level of the play-out buffer, continuously or at least at the end of a media
segment download, and

- switching between a state of continuously requesting new content segments and a

state of not requesting any segments.

According to a further aspect, a method of operating a network node in a
telecommunication network, the method comprising:

- delivering a manifest file to a mobile device, the manifest file being modified to present
larger media segments than in original format;

- receiving a request for a media segment from the mobile telecommunication device;

- retrieving original media segments from a remote server or a local storage (71);

- reformatting the media segments into a larger segment;

- transferring the larger media segment to the mobile device.
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Brief description of the drawings

Fig. 1 schematically shows a network architecture in which the embodiments of the
invention can be implemented;

Fig. 2A schematically shows an implementation of a client according to an embodiment
of the invention;

Fig. 2B schematically shows an implementation of a network node configured to
communicate with the client of Figure 2A;

Fig. 3 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using non-adaptive media rate video streaming according to
the state of the art;

Fig. 4 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using non-adaptive media rate video streaming according to
an embodiment of the invention;

Fig. 5 is a flow chart of a method of operating a mobile communication device,
according to the embodiment of Figure 2A,;

Fig. 6 shows an example of the client according to an embodiment in which the client is
configured to process an adaptive media rate media stream;

Fig. 7 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using an adaptive media rate video streaming according to
the state of the art;

Fig. 8 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using an adaptive media rate video streaming according to
an embodiment of the invention;

Fig. 9 schematically shows an implementation of a network node according to a further
embodiment of the invention;

Fig. 10 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using adaptive media rate video streaming using the
embodiment of Figure 9;

Fig. 11 is a flow chart showing a method of operating a network node in a

telecommunication network, according to an embodiment;
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Fig. 12 shows an example of an up switch policy according to an embodiment;

Fig. 13 shows a network node according to an embodiment;

Fig. 14 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using an adaptive media rate video streaming according to

an embodiment of the invention.

Detailed description of the embodiments

Figure 1 schematically shows a network architecture in which the embodiments of the
invention can be implemented. The network architecture comprises a mobile network 20
connecting a client 25 to a data network 21, e.g. the Internet. A mobile communication
device 22 is shown which communicates with the mobile network 20 by means of
wireless communication. In this example the mobile network 20 comprises a core
network 23 in communication with a radio access network (RAN) 24. The mobile device
22 is configured to communicate via a radio connection 26 to the RAN 24. The mobile
device 22 is configured to execute the client 25 which may at least partly, be a software
program stored in a memory of a processor (not shown). The client 25 is responsible for
the play-out of the video or other content. The client 25 may execute on the device 22
itself, or may execute on yet another device (not shown) which is connected via the first
device 22 using e.g. Bluetooth, a local WiFi hotspot (“tethering”) or a cable. Figure 1
also shows a first origin server 31 and a second origin server 32 which both are
connected to the data network 21. A third origin server 33 is shown which is connected
to the core network 23. Furthermore, a proxy or edge server 324 is shown which

connects the second origin server 32 to the core network 23.

The client 25 may fetch video content from a server, using the mobile network 20 (RAN
24 and core network 23) as a communication channel. There are different alternatives
for to which server the client 25 will connect. The client 25 may be connected to the first
origin server 31 on the Internet 21, or any other server on the Internet hosting the video
content, from which the client fetches the content. Alternatively, the client 25 fetches
video content from the proxy server 34 connected to second origin server 32. The proxy

server 34 functions as an intermediate server between the original content providers
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server (i.e. server 32) and the client 25. This intermediate server can be a proxy with
various degree of video functionality, or it can be an Edge server of a Content
Distribution Network, actually caching the content to be served. The proxy or edge
server may be located within the mobile network, or on the Internet. As a further
alternative, the client 25 may fetch video content from the third origin server 33 within

the mobile network 20. This is typical for operator provided video services.

Note that Figure 1 considers also a “local break-out” in RAN, where a PDN gateway to
terminate all mobility management functions is located in RAN. In that case, the origin

server 33 or the proxy/edge server 34 will appear as RAN nodes.

Video, or other streaming media content, is delivered to the client 25 in the form of
segments that correspond to a specific time-interval of the original video content. In
some cases, such a segment may represent a predefined amount of playback time,
typically in the order of 2-10 seconds. In other cases, the segment can represent a
variable amount of playback time. In order to minimize real-time delay, shorter
segments are preferred for live content, whereas for on-demand content longer
segments can also be used. In general one can say that the shorter the segment, the
quicker the client 25 can adapt bit rate. However, advanced clients and/or clients using
advanced protocols (such as DASH) can also choose to download partial segments by
using byte-range requests of segments. This way an advanced client can also switch

between bitrates at time points that do not correspond to segment boundaries.

Figure 2A schematically shows an implementation of the client 25 according to a first
embodiment of the invention. In this embodiment, the client 25 is configured to
download and process media with a non-adaptive (i.e. fixed) media rate. The client 25
comprises a receiver 40 for receiving content from a server, see arrow 39. The client 25
further comprises a play-out buffer 41 configured for holding downloaded but yet un-
played content data. A media reader 42 is configured to read data at a media rate (also
referred to as play-out rate) from the play-out buffer 41 and to send content to a display

(video) or a speaker (audio) 43 for rendering, see arrow 44. The play-out buffer 41 is
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filled up with a buffer fill rate, which is either zero (idle period) or the throughput (link bit
rate) available for the device 22. A buffer fill monitor 45 checks a fill level of the play-out
buffer 41 continuously or at least at the end of a segment download, and provides input
to a segment request controller 46. The segment request controller 46 formats a
request message for the selected media representation of the next segment, and sends
the request to a remote server, see arrow 47. In the embodiment of Figure 2A, the
segment request controller 46 of the client 25 is configured to switch between a state of
continuously requesting new content segments and a state of not requesting any
content segments depending on the buffer fill level. In an embodiment, the segment
request controller 46 switches to the state of continuously requesting new segments
when the buffer fill level is below a minimum fill value, and switches to the state of not
requesting new content segments when the play-out buffer fill level is above a maximum
fill value. The minimum fill level and the maximum fill level may be locally configured in
the mobile telecommunication device 22 or may be received from a remote server via
the mobile telecommunication network 20. The buffer fill levels may be defined in terms

of seconds of media stream.

Figure 2B shows a server 60 which is configured to communicate with the client 25
shown in Figure 2B. The server 60 may be any of the following: an origin server, a proxy
or edge server, on the Internet 21, or within the mobile network 20, see Figure 1. The
server 60 comprises a content data delivery function 61 for delivering the content to the
client 25, typically using HTTP/TCP, see arrow 39. The server 60 further comprises a
client request parsing module 64 configured to receive requests from the client, see
arrow 47. The server 60 also comprises a segment retriever and formatter 70, also
referred to as segment retriever 70, which is invoked by the client request parsing
module 64. The segment retriever and formatter 70 sends requests to an upstream
server (ultimately the origin server), if being a proxy or edge server without the content
in a cache, see arrow 73. It then receives the content from the server, see arrow 62.
The server 60 may also comprise a local storage 71 configured to store the actual
media content in case the server 60 itself is an origin server, or a proxy or edge server

with caching functionality.
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The following method steps may be performed by the client 25:

1. receive one segment from the server 60, at highest possible data speed

2. check whether the play-out buffer 41 contains more video for playback than the
maximum fill level, in terms of seconds of video content

a. if “false”. go to step 1 to retrieve another segment from the server,

b. if “true”. go to step 3,

3. playback the video from the play-out buffer 41 without downloading further
segments,

4. continuously check for the play-out buffer 41 to decrease below the minimum fill
level, in terms of seconds of video

a. as long as “false”: continue playback without downloading more segments of video.
At some point in time, the radio system (from device or network side) will trigger down-
switch to a more battery and resource saving radio state (a “lower” radio state)

b. when “true”. go to step 1 to download another set of segments.

Note that except for the initial buffering when a video clip is started, the video is

continuously played back also during step 1 (in parallel to downloading a segment).

The effect of this method is a traffic pattern where periods of data activity is interleaved
with long periods of data inactivity (idle periods), enabling the radio system to save
battery and other resources by switching radio state. The long periods of inactivity are
possible to create by downloading, at highest possible speed, enough content during

the data activity period.

In step 2 preferably a request for a next segment is sent slightly before the previous
segment is fully downloaded, in order to fully utilize the data capacity of the connection.
This can be done on a parallel TCP connection, or on the same TCP connection using
HTTP pipelining or other multiplexing protocols. It is further noted that preferably the

same TCP connection is reused to avoid another slow start.

Figure 3 shows a graph of an example of a play-out buffer fill level of a mobile

telecommunication device using non-adaptive media rate video streaming according to
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the state of the art. In this example a dashed line 1 indicates a possible throughput as
read on the left y-axis. The throughput 1 changes over time as a result of varying radio
conditions for the mobile device. Please note that in reality the throughput varies more
stochastically, but here it is simplified to illustrate the embodiments better. The solid
lines 2 indicate the downloaded segments as a function of time. Each segment
corresponds to 10 seconds of video content and is represented by a vertical rectangular
box. A dashed line 3 indicates the media rate, in this case a non-adaptive rate of 500
kbps. Figure 3 also shows a buffer fill level 5 (read on the right y-axis) which increases if
segments are downloaded, and decreases in periods where no segments are
downloaded, the so-called idle period. In the example of Figure 3 (at t=375 sec) the
throughput 1 is decreased to 500 kbps which equals the media rate. This means that
the buffer is emptied as fast as it is filled, resulting in a constant play-out buffer level 5
with a value of 15 seconds. As can be seen from Figure 3, the method according to the
state of the art will create no or too short idle times to move the radio channel into a low

state where network resource and battery can be saved.

Figure 4 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using non-adaptive media rate video streaming according to
the first main embodiment of the invention. In this example a dashed line 6 indicates a
possible throughput. The throughput 6 changes over time in the same way as in Figure
3 so that the advantages of the embodiment will be clear to the reader. The solid lines 7
indicate the downloaded segments as a function of time. Each segment corresponds to
10 seconds of video content and is represented by a vertical rectangular box. A dashed
line 8 indicates the media rate, in this case the non-adaptive rate of 500 kbps as was
used in Figure 3. Figure 4 also shows a buffer fill level 9 which increases if segments
are downloaded, and decreases in periods where no segments are downloaded, the so-
called idle period. The buffer fill level 9 is very different from the line 5 shown in Figure
3. This is caused by the use of a minimum buffer fill level equal to 15 and a maximum
buffer fill level of 65 sec. The client requests a new segment if the buffer fill level is <=
65 sec. It then downloads the full segment, which contains 10 sec of video. This means

that the peaks could be between 65 and 75 sec, depending on how close to 65 sec the
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fill level was before downloading the last segment. The segment request controller 46
continues to request for new media segments, see Figure 2A, only if the fill level 9 is
below a maximum fill value and then stop requesting new media segments until the fill
level is below a minimum fill value. As a result of this method several relatively large idle
periods are created, see for example between 10-65 sec, 140-190 sec. These idle
periods are long enough to move the radio channel into a lower state where network

resource and battery can be saved.

Figure 5 is a flow chart of a method of operating a mobile communication device,
according to an embodiment. The method may be performed by the client 25 shown in
Figure 2A. The method starts with a step 701 in which the client 25 requests a segment
of content from the server (i.e. network node 60). Next, in a step 702 the client 25
receives content via the mobile network into its play-out buffer 41, and in parallel reads
the content from play-out buffer for rendering. The client 25 checks a fill level of the
play-out buffer 41 in a step 703. If the play-out buffer fill level is not yet larger than a
max fill value, the method returns to step 701. If the play-out level is larger than the max
fill value, a step 704 follows in which the client 25 reads content from the play-out buffer
for rendering (without downloading content data). Next in a test step 705 it is checked if
the play-out buffer fill level is less than min fill value. If the answer is “No” then the
method proceeds with the step 704. If the answer is “Yes” the method proceeds to the
step 701. Here, steps 701-703 correspond to a so-called “Data activity” (or
“‘Downloading Active” or “continuously requesting”) state, and step 704-705 correspond

to a so-called “Data inactivity” (or “Downloading paused”) state.

Figure 6 shows an example of the client 25 according to a further embodiment in which
the client 25 is configured to process an adaptive media rate media stream. Next to the
modules already discussed with reference to Figure 2A, the client 25 further comprises
a throughput estimator 48, a rate decider function 49 and a manifest file storage 50. The
throughput estimator 48 is configured to estimate the current throughput (link bit rate)
e.g. by measuring the download time for a segment with a given data volume. The

throughput estimator 48 provides input for the rate decider function 49. The rate decider
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function 49 decides what media rate, or in general, representation of content, shall be
requested for a next media segment. Based on the estimated throughput and a switch
policy 51, received from a remote server or configured locally, it selects an appropriate
media rate (representation) from the available media rates for the given content as
described in the manifest file. As in the embodiment of Figure 2A, the segment request
controller 46 is configured to switch between a state of continuously requesting new

segments and a state of not requesting any segments depending on the buffer fill level.

The server-side companion of Figure 6 could be the one shown in Figure 2B. The
server is still only serving the segments as requested from the client (even if segments

could correspond to different media rates).

Figure 7 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using an adaptive media rate video streaming according to
the state of the art. In this example a dashed line 80 indicates a possible throughput.
The throughput 80 changes over time as a result of varying radio conditions for the
mobile device. Itis illustrated as stepwise changes to simplify the figure and indicate
varying average throughput. The solid lines 81 indicate the downloaded segments as a
function of time. Each segment corresponds to 10 seconds of video content and is
represented by a vertical rectangular box. A mobile telecommunication device will, as a
matter of procedure, request a media rate which is as close as possible to the available
throughput (but not higher). This includes requests to up switch the media rate when the
available throughput increases. The up switch request will be accepted and as a
consequence, the media rate, indicated with the dashed line 82, will be near to the
throughput 80. There is no limitation on the media rate selected other than that it should
be less than or equal to the current throughput. This leads to a situation where, when
the throughput 80 is very high, the media rate 82 is also very high, which means a
continuous delivery of video content. As can be seen in Figure 8, line 82 is almost
continuously close to the line 80. Figure 7 also shows a buffer fill level 83 which
increases if segments are downloaded, and decreases in periods where no segments

are downloaded, the so-called idle period. The media segments in the beginning of the
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graph are big, but at around 380 seconds, the media rate has been further reduced and
is about half the available throughput. In this example it is assumed that no media rate
closer to (but less than) the throughput of 500 kbps is available in the manifest file. As a

consequence, each media segment is downloaded in half the time.

As can be seen from Figure 7, the method according to the state of the art will not
create long enough idle times to move the radio channel into a low state where network
resource and battery can be saved. Especially when a large throughput is available, this
is not utilized to create battery saving idle gaps. Also, this means that the available cell
capacity will always be fully allocated to video traffic, if video users are present in the

cell, which can impact the performance of other (e.g. web browsing) traffic.

Figure 8 shows a graph of an example of a play-out buffer fill level of a mobile
telecommunication device using an adaptive media rate video streaming according to
the second main embodiment of the invention. In this example a dashed line 91
indicates the throughput similar to line 80 in Figure 7. Line 94 indicates the adaptive
media rate and lines 92 indicate the segments. Furthermore, the line 95 indicates the
buffer level of the media buffer 41. As a consequence of the specific buffering behavior
on the device side, the segments are downloaded continuously until the device buffer
41 is full, exceeding the maximum fill level of 65 seconds. Once this maximum level has
been reached, no additional segments are requested at that time. As a consequence a
relatively long idle period of about 60 seconds is created which is indicated by reference
number 100 in Figure 8. In this idle period 100, the radio network (or device) is able to
move the radio channel state to a lower state in order to save battery.

For either non-adaptive or adaptive video streaming, the segments are preferably
downloaded in sequence. If the segments would be downloaded in parallel, the amount

of data wasted if the user aborts watching would be higher.

When selecting the values for the minimum and maximum buffer fill level, the following
must be noted. The minimum level should be selected high enough to avoid risks of

buffer under-runs if the connectivity suddenly experiences problems. The maximum fill
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level should be selected high enough above the minimum fill level to ensure a long
enough idle period for efficient use of down-switching to a lower radio state. In the
example described later on with reference to Figure 14, the idle period is 50 seconds,
which allows good battery saving even if it takes 10-15 seconds for the radio network to
down-switch the device. The average buffer fill level (for a long video clip) would be the
average of the maximum fill level and the minimum fill level. This reflects the statistically
expected wasted bytes, if a user aborts watching a video. So the maximum fill level and
the minimum fill level should not be too high. Wasting of 15 — 65 seconds of video is

deemed acceptable. Whereas wasting a full 8-minute video might not be acceptable.

According to a specific embodiment for either non-adaptive or adaptive rate media
streaming, the maximum fill level is variable during a media download session. Initially
the maximum fill level may have a conservative (fairly low) value for the first chunk or
interval, and then may be increased. This is favorable in cases where the probability of
the user aborting the video play-out is very high in the beginning. The maximum fill level
may be increased over time based on one or more of the following information:

. the content type, e.g. for user-generated content, initial abandonment rate is
high, but not for TV series,

. viewing statistics collected for a specific video clip (e.g. some clips may have so

poor quality that most people stop watching after 10 seconds),

. user ratings of a video clip,
o a length of a video clip,
. user context or inferred mood of the user (e.g. user is browsing between video

clips and has aborted the last 5 clips within 10 seconds, the user is detected to be in a
“zapping mode”),
. charging, e.g., for free content, initial abandonment rate is high, but not for paid

content.

In a particular embodiment, shown in Figure 9, the network node 60”comprises a
manifest file storage 67, a manifest file modifier 72, and a segment retriever and

formatter 70”. The segment formatter and retriever 70” is configured to modify the
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segments in such a way that it takes multiple original segments and creates one larger
segment. Optionally, the network node 60" comprises a client capability checker (not
shown) to check if the client supports the embodiment described in Figure 2A or not. If it
appears that the network node is communicating to a client not supporting the
embodiment of Figure 2A, the larger segments are created and sent to the client. The
manifest modifier 72 is configured to modify the manifest file to present larger media
segments than in original format. The network node 60" will deliver the modified
manifest file to the mobile device 22, e.g. by means of the content data delivery function
61. The modified manifest file will force the device 22 to request the larger segment.
The client request parsing module 64 will receive such a request for a media segment
from the device 22. The network node 60™will then retrieve original media segments
from a remote server or its local storage 71. Next, the segment formatter and retriever
70" will reformat the media segments into a larger segment, and then the larger media
segment will be transferred to the mobile device 22. It is noted that the manifest file
itself may follow the same procedure as the segments. l.e. there is a request from the
client 25, and the server 60”will check if it is cached locally, if not it will we downloaded
from an origin server, and modified on the fly. So the manifest file may not always be

stored locally in storage 67.

As an example the server 60" may reformat a media stream from small segments e.g.
2-10 sec. into larger segments, e.g. 60 sec. The client 25 only downloads one segment
at a time, and the server 60” only delivers relatively long segments, e.g. 60 sec. of
media content in each segment. Simulations have shown that this will result in idle times
in the communication between the server 60” and the client 25, so that the radio system
is able to down switch the radio state. Figure 10 shows a graph of an example of a play-
out buffer fill level of a client in communication with the server shown in Figure 9. In
Figure 10, the line 9 indicates the play-out level. This again provides long enough idle
gaps to ensure radio efficient down switching of radio state. There can still be
adaptation of the media rate, as shown, but it will be less responsive (unless the client

25 can switch rate during media segments, which is assumed to not be the case in the
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figure). Please note that this server implementation could also be used in the non-

adaptive media streaming.

Figure 11 is an example of a flow chart showing the method of operating the network
node 60” shown in Figure 9. The methods start at a step 901 wherein the server
receives from the client a request for a manifest file for a video or other media.
Optionally, the server checks, if possible, whether the client is capable of requesting
multiple segments. (If yes, then the server 60” can behave like a state of the art server.
Otherwise proceed.) In a step 902, the server 60” downloads the manifest file from the
origin server (if not stored locally). In a step 903, the server 60" modifies the manifest
file such that only fewer but longer media segments are available to be requested from
the client, and sends this as a response to the client, see step 904. The server 60” may
also keep a mapping between the modified segment structure and the original segment
structure. In a step 905, for each segment of video that the client 25 requests from the
server 607, the server 60” maps to a set of original segments. The server 60" downloads
those segments from the origin (if needed) and reformats (e.g. concatenate) those into
a format described by the client requested segment, see step 906. In a step 907 the

server sends the modified (client requested) segment to the client 25.

In a further embodiment the media rate selection is done according to a specific up
switch policy. The policy is stored either locally or it may be downloaded dynamically
from a remote server. An example of an up switch policy will be described with
reference to Figure 12. In Figure 12, a line 101 indicates the line where the ratio p =
throughput/media_rate equals 1. A line 102 indicates the line where the ratio p equals N
with N>1 and constant. A line 103 indicates the up switching of the media rate as a
function of throughput. In the example of Figure 12, there are 5 possible representations
with media rates R1, R2, R3, R4 and R5. In this example, R3 is the so-called
‘breakpoint media rate level’ above which a more conservative up switch policy is
applied. The conservative policy is to allow an up switch to R4 only if the estimated
throughput is at least N*R4. N could be any value above 1, but tests have shown that

values between 2-4 are preferable. When using rate R4 a radio efficient traffic pattern is
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possible, with relatively long idle periods, wherein the ratio between staying in a high
radio state and a low radio state would be approximately N, thus saving battery and
radio resources. It is noted that ratio p which is used to decide for the up switching could

also be a function of the requested media rate, instead of being constant.

In the embodiment described with reference to Figure 12, the client uses the breakpoint
media rate level and the factor N to make more conservative up switch decisions. The
remote server may provide the breakpoint media-rate level and the factor N to the client
e.g. by using extra parameters in existing HTTP messages such as HTTP headers or
query string parameters, or by the client sending a separate HTTP GET to retrieve
those parameters. Alternatively, these parameters are stored in the client by other
means, such as storage in a local memory. Please note that instead of implementing
the up switch policy in the client, as was described above, it is also possible to

implement the method in the server 60.

Figure 13 shows a server 60 according to an embodiment of the invention. The server
60 is configured to communicate with a client device. The server 60 may be any of the
following: an origin server, a proxy or edge server, on the Internet 21, or within the
Mobile network 20. The server 60 comprises a content data delivery function 61 for
delivering the content to the client, typically using HTTP/TCP, see arrow 39. A
throughput estimator 63 is comprised which estimates the current throughput, with
feedback from the content data delivery function 61, e.g. measuring the download time
of the last media segment. Other more advanced mechanisms are possible, e.g. looking
at rate of TCP ACKs. Optionally, for a server deployed in the mobile network or
integrated with it, direct information from the network on available throughput, see arrow
65, can be used. The server 60 further comprises a client request parsing module 64
configured to receive requests from the client, see arrow 47. Furthermore the server
comprises a rate decider 66 and a manifest file storage 67. The rate decider 66 is
configured to decide which media rate (i.e. representation) or media to deliver (or not to

deliver), given the client request for a media segment, the estimated throughput, the
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available media bit rates of the content (from the manifest file) and a received media
rate switch policy, see arrow 59.
The server 60 also comprises an unsuccessful response function 68 which is invoked
by the rate decider 66 if the client-requested media rate (representation) is different
from the one decided by the rate decider 66 according to the switch policy.
The server 60 can send an unsuccessful response, see arrow 69, to the client 25 (such
as “Resource not found”, “Redirect” or “404 File not found”) to trigger another request
from the client 25 for a media rate that is lower. The server 60 also comprises a
segment retriever and formatter 70 which is invoked by the rate decider 66 if not
sending an unsuccessful response to the client. Finally, the server 60 may comprise a
local storage 71 configured to store the actual media content (in case of being an origin
server, or a proxy or edge server with caching functionality). According to an
embodiment, the retriever and formatter 70 is configured to perform the following steps:
o Get the content from the local storage 71 (if the server is the edge server 34
with a cache filled with the content, or if it is one of the origin servers 31-33),
o Send a request to and receive the content from an upstream server
(ultimately the origin server), if being a proxy or edge server without the content in a
cache, see arrow 73,
o Optionally reformatting the request to request rate (representation) decided
by the rate decider 66, if different from the original client request,
. Optionally, dynamically reformat the content to another media rate
(representation),

Optionally, dynamically reformat the content to a different segment length
(preferably longer),

o Send the content to the content data delivery function 61.

By combining the above described restrictions for the up switch policy and the buffer fill
levels, a further improvement is obtained as compared to the state of the art. This will
be discussed with reference to Figure 14. In Figure 14 a dashed curve 110 shows the
available throughput as read on the left y-axis. It is initially high, then degrading in steps,

and in the end becomes high again. A dotted curve 111 shows the media rate. In this
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example the three highest media rates require a throughput at least 4 times higher than
the media rate to be selected. Thus, the high throughput situations are exploited by not
increasing the media rate aggressively, but rather for saving network resources and
battery. Thin solid lines 112, 113 indicate the download of segments of video. The solid
lines 112, 113 form small bars, each bar representing one segment containing 10
seconds of video. A solid curve 115 having triangular shaped tops shows the play-out
buffer fill level in terms of seconds of video, and is read on the right y-axis. In this
example, 600 kbps is the breakpoint media rate that should be sustained if possible.
The available media rate above the breakpoint level is 1000 kbps, and the policy for this
is to require a throughput 4 times this rate (N=4). l.e. only when the throughput is at

least 4000 kbps, the highest media rate is selected.

Initially the throughput 110 is high, and the video segments 112 are downloaded fast,
and the play-out buffer level 115 quickly reaches above the “high threshold”, which in
this example is 65 seconds of video content. After that there is no traffic on the radio for
a long time, while the client plays out the video. Eventually, the buffer reaches below the
“low threshold” value, in this example 15 seconds, which triggers the download of
another set of segments at about time t = 75 sec. As the throughput 110 decreases, the
time to fill up the play-out buffer 41 above the “high threshold” increases, as does the
interval between downloading of these chunks of segments. However, the idle time
between the chunks of segments remains constant, long enough to allow down
switching of radio state. When the throughput 110 reaches 650 kbps, i.e. nearly the
same level as the current media rate 111 of 600 kbps, the buffer fill level 115 will slowly
increase. At about t=380 sec, the throughput drops below 600 kbps and the media rate
111 is down switched to 256 kbps. In the end, the throughput 110 is again very high,
see Figure 14, which creates an idle gap again. This idle gap is due to the filled buffer,
which is due to that the throughput was about twice the media rate before that. But
there is an idle gap after the data burst downloaded with very high bit-rate, since the

throughput is much higher than the media rate.
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As can be seen from Figure 14, the relative gain of the idle periods, and the related
radio state down-switch, is proportional to the ratio between the throughput and the
media rate. At a low ratio, the proposed method provides less benefit than at a high

ratio.

Preferably, the segments are downloaded in sequence. If the segments would be
downloaded in parallel, the amount of data wasted if the user aborts watching would be

higher.

It is noted that in case the media rate streaming is done with an adaptive media rate
streaming protocol, the switching between media rates (or representations) can be
triggered at different moments. In some streaming protocols or implementations media
rate switching happens between segments. In that case, it is preferable to limit the size
of the segments. That is why it is preferable to download multiple segments to create
the desired traffic pattern with a long enough idle gap. In other streaming protocols or
implementations, the media rate switching can also occur during the download of a
segment. In that case, it is conceivable to define very long segments and only download
one at a time. An extreme case would also be to use only one or a few segments only

per bit-rate alternative and download one partial segment at a time.

Please note that the device 22 can be implemented to perform only the restrictive
method described with reference to Figure 12 without the dependency on the buffer fill
level. In that case the buffer fill monitor 45 can be absent. The same accounts for the
network node implementation of the method described with reference to Figure 12.

As discussed above the method according to the described embodiments can be

performed in the client or on the server side.

Server-side implementations may be performed in any server involved in delivering the
content, including the origin server 31, 32, 33, the edge server 34 of the core network

20, or in a proxy or other intermediate server, or in a combination.
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The policy of limiting up-switch to certain media rates can be enforced by the server in
different ways. Examples are:

Removing representations from the manifest file (assuming that manifest
is re-evaluated dynamically),
. Redirecting requests for representations with a too high media rate to
lower rate representations using HTTP 3xx messages,
. Indicating that content is not available using HTTP 404 response, and
assuming the client will then request another representation,
. Serving requests for representations with a too high media rate but with
a lower rate content instead,
. Rewriting the request to refer to another representation than what the

client requested (in a proxy server, edge server, or other intermediate server).

It is noted that client-side and server-side implementations can coexist. The client 25
can limit up-switches for the purpose of saving battery if needed, while the server 60
(origin server or proxy server or similar) can limit up-switches with the purpose of saving
resources in the radio network (policy basis). In general the advantage is provided that
is limiting video users to use up all the cells capacity for delivering highest possible bit
rate. In particular, when combined with a radio-efficient traffic pattern, this allows

retaining a radio and battery efficient radio traffic pattern at very high throughput levels.

The above described embodiments provide a good balance between user experience,

battery and radio efficiency, for video streaming with adaptive media bit rate protocols.
Although video streaming has been given as an example to explain the embodiments,

the methods disclosed may however be applied to every media stream that is provided
in segmented files. Examples of that are live audio files, IP-radio, special languages or
subtitles streams in parallel to the video stream. From this it might be apparent that the
client 25 might have more than one buffer working in parallel. In that the buffers might

be multiple but the control function can be singular. This provides the possibility to

synchronize parallel loading of buffers in burst mode and obtain an even better traffic
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pattern. The above described embodiments can be implemented for 3G WCDMA

networks, but are also applicable to LTE and other radio technologies.

Those skilled in the art will also appreciate that the various features and functionalities
described above may be performed by a combination of analogue and digital circuits,
and/or one or more processors configured with software and/or firmware (e.g., stored in
memory) that, when executed by the one or more processors, perform as described
above. One or more of these processors, as well as the other digital hardware, may be
included in a single application-specific integrated circuit (ASIC), or several processors
and various digital hardware may be distributed among several separate components,

whether individually packaged or assembled into a system-on-a-chip (SoC).
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Abbreviations

AHS
CDN
DASH
HLS
HTTP
MPEG
MPD

Adaptive HTTP Streaming

Content Distribution Network

Dynamic Adaptive Streaming over HTTP
HTTP Live Streaming

Hyper Text Transport Protocol

Moving Picture Experts Group

Media Presentation Description
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Claims:

1. A mobile telecommunication device (22) comprising:

- a receiver (40) for receiving content data via a mobile telecommunication network;

- a play-out buffer (41) for holding downloaded but yet un-played content data;

- a media reader (42) for reading content data at a media rate from the play-out buffer

and for sending content to a display or speaker for rendering;

- a segment request controller (46) for sending requests for new content segments to a
remote server,

- a buffer fill monitor (45) for checking a fill level of said play-out buffer,

wherein the segment request controller (46) is configured to switch between a state of

continuously requesting content segments and a state of not requesting any content

segments depending on said fill level.

2. Mobile telecommunication device according to claim 1, wherein the segment request
controller (46) switches to the state of continuously requesting new content segments
when said fill level is below a minimum fill value, and switches to the state of not
requesting any content segments when the play-out buffer fill level is above a maximum

fill value.

3. Mobile telecommunication device according to any of the preceding claims, wherein
the minimum fill level and the maximum fill level are locally configured in the mobile
telecommunication device or received from a remote server via said mobile

telecommunication network.

4. Mobile telecommunication device according to any of the preceding claims, wherein
the device comprises:

- a throughput estimator (48) for estimating a current throughput;

- a media rate selector (49) for selecting, out of a plurality of possible media rates, a

requested media rate for a next requested media segment,
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- a memory (50) for storing a manifest data file comprising information on said possible

media rates.

5. Mobile telecommunication device according to any of the preceding claims, wherein
said buffer fill monitor (45) is configured to use a predefined low start value for said
maximum value at the start of said download session, and then increase said maximum
value during the media download session, based on at least one of:

- a content type;

- viewing or listening statistics collected for a specific media clip;

- user ratings of a media clip;

- a length of a media clip;

- user context or inferred mood of the user;

- charging.

6. Mobile telecommunication device according to any of the claims 2-5, wherein

said media rate selector (49) is configured to calculate a ratio p between said current
throughput and said requested media rate, and instruct said segments request
controller (46) to request a media rate higher than a predefined breakpoint media rate

level (R3) only if said ratio p is above a predefined ratio pi, where py > 1.

7. Mobile telecommunication device according to claim 5, wherein where the ratio pw, is

a function of the requested media rate.

8. Network node (60’) for a telecommunication network, said network node comprising:
- a manifest file modifier (72) configured to modify a manifest file so as to force a mobile
device to request a relatively large segment;

- a client request parsing module (64) configured to receive a request for a media
segment from said device;

- a segment formatter and retriever (70”) configured to retrieve original media segments
from a remote server or a local storage (71), and reformat the media segments into a

larger segment; and
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- a content data delivery function (61) configured to transfer the larger segment to the

mobile device.

9. Network node according to claim 8, wherein said network node further comprises:

- a memory (67) for storing a manifest data file comprising information on possible
media rates;

- a media rate decider (66) configured to calculate a ratio p between said current
throughput and said requested media rate, and instruct said segment retriever (70) to
request a media rate higher than a predefined breakpoint media rate level only if said
ratio p is above a predefined ratio py, where py > 1;

- an unsuccessful response function for sending a rejection response to the mobile

communication device if said requested media rate was not accepted.

10. Method of operating a mobile communication device, said method comprising:

- receiving content data via a mobile telecommunication network;

- holding in a play-out buffer downloaded but yet un-played content data;

- reading content data at a media rate from the play-out buffer and sending content to a
display or speaker for rendering;

- checking a fill level of said play-out buffer, continuously or at least at the end of a
media segment download, and

- switching between a state of continuously requesting new content segments and a

state of not requesting any segments.

11. Method of operating a network node in a telecommunication network, said method
comprising:

- delivering a manifest file to a mobile device, said manifest file being modified to
present larger media segments than in original format;

- receiving a request for a media segment from said mobile telecommunication device;
- retrieving original media segments from a remote server or a local storage (71);

- reformatting said media segments into a larger segment;

- transferring said larger media segment to the mobile device.
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FIG. 14
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