
1 MEDIA STREAM PROCESSING TECHNICAL FIELD        The present invention
generally relates to processing and generating media 5streams comprising
media frames with assigned timestamps. BACKGROUND Temporal and spatial
redundancy can be exploited using predictions to make a compact
representation of video and other types of media and multimedia 10
possible. For instance, pixel prediction is an important part of video
coding standards such as H.261, H.263, MPEG-4 and H.264. In H.264 there are
three pixel prediction methods utilized, namely intra, inter and
bi-prediction. Intra prediction provides a spatial prediction of the
current pixels block from previously decoded pixels of the current frame.
Inter prediction gives a 15 temporal prediction of the current pixel block
using a corresponding but displaced pixel block in a previously decoded
frame. Bi-directional prediction gives a weighted average of two inter
predictions. Thus, intra frames do not depend on any previous frame in the
video stream, whereas inter frames, including such inter frames with
bi-directional prediction, use motion 20compensation from one or more other
reference frames in the video stream. User terminals with media players can
only start decoding and rendering the media data at intra frames. In order
to enable tune-in into the video stream 



without too long delays, intra frames are typically sent periodically.
However, 25 intra frames are generally larger in terms of the number of
bits as compared to inter frames, thereby significantly contributing to the
overhead in the video stream. Media frames and their frame-carrying data
packets of a video stream are 30 typically grouped together in the streams.
For instance, in the case of systematic Forward Error Correction (FEC), the
frame-carrying data packets are grouped together into different FEC blocks
and sent along with repair information. Such a FEC block should begin, in
decoding order, with an  2 infra frame so that errors do no propagate
between FEC blocks. This also avoids longer tune in times, i.e. the FEC
tune-in and intra frame tune-in should be aligned. Fig. 1 illustrates such
a division of frames 16, 22-26, 32-34 into FEC blocks 10, 20, 30. In the
drawing 12 22, 13 32 denote the initial intra frame of the FEC block 20, 30
number 2 and 3, respectively. Pij 16, 24, 26, 34 denotes inter frame number
j of FEC block 10, 20, 30 number i. Each media frame 22-26 of a FEC block
20 has a respective timestamp 40 defining the 1 0rendering or play-out time
schedule for the media in the FE,C block 20. Currently, the average tune-in
time for traditional encoded sequence is 1.5x the FEC block size. Firstly,
one must wait a whole FEC block to be able to perform FEC decoding. With a
single infra frame per FEC block one needs to 



15 also wait, on average, an additional half FEC block to get the intra
frame. This is because tuning in after the start of a FEC block prevents,
due to the temporal predictive nature of the inter frames, the decoder and
media player to start decoding and rendering the media data until a next
intra frame of a following FEC block. 20 In the upper part of Fig. 1, a
user terminal tunes in to the stream 1 between inter frames P23 and P24.
This means that the user terminal will only receive the inter frames P2,1
to P27 of the current FEC block 20. The user terminal therefore has to
await the reception of the intra frame 13 32 of the next FEC 2 5 block 30
before the media play-out can be initiated, which is exemplified in the
lower portion of Fig. 1. The user terminal also needs to wait for a whole
FEC block before decoding of packets can be performed. This is because data
packets later on in the FEC block are used to repair earlier packets and
one does not want to pause each time a repairable error occurs. The figure
3 0 represents this by indicating tune-in and indicating the play-out
occurring following buffering of a whole FEC block. The received inter
frames P21 to P27 will, though, be unusable for the user terminal as it has
not correctly received the prior frames 12, ID)] to P23 of the FEC block
20.  It is possible today with the current implementation techniques to
interleave data packets. In such a case, the initial intra frame 12, 22 of
the FEC block 10, 20 can be put towards the end of the FEC block 10, 20,
which is illustrated in Fig. 2. Comparing Fig. 2 with Fig. 1, the order of
media frames 12-16, 22-26, 32-36 inside the respective FEC blocks 10, 20,
30 have been interchanged.      Tuning-in at the same time point in the
transmission order as in Fig. 1, the 1 0user terminal will now receive the
inter frames P21 to P23 and the intra frame 12 of the current FEC block 20.
Thus, part of the FE,C block 20 is decodable. This interleaving, however,
moves part of the tune-in delay a small distance into the sequence. Thus,
frames 12, P2 , P22, P23 are played-out as if the tune- 15 in was at the
beginning of the FEC block 20, which is illustrated in the lower part of
Fig. 2. However, as the next four frames P24 to P27 of the FEC block 20 are
not received, the frame P23 will be displayed until, in this example, the
9th frame 13 32 from the next FEC block 30 can be played out. As a
consequence, the media data of the frame P23 is displayed for a very long
period of time, 



20 which becomes visibly unattractive to the user. This problem is further
abrogated when tuning in towards the end of a FEC block implying that the
delay in the continuation of the rendering can be very large, up to the
length of a FEC block. 25SUMMARY The present embodiments overcome these and
other drawbacks of the prior art arrangements.      It is a. general
objective to provide a stream of media frames that allows 30alternative
processing of the media frames according to different rendering time
schedules.  4 This and other objectives are met by embodiments as defined
by the accompanying patent claims. Briefly, an embodiment involves the
generation of a stream comprising  5 multiple media frames. Each of these
media frames has a respective assigned default timestamp. These default
timestamps define the rendering times of the media data of the media frames
according to a default rendering time schedule. At least one respective
alternative timestamp is assigned to at least a portion of the multiple
media frames in the stream. These alternative 10timestamps define
alternative rendering times of the media data of the media frames according
to at least one alternative rendering time schedule. 



Usage of alternative timestamps is especially advantageous when organizing
media frames in the stream into different frame groupings and in particular
15 organizing the media frames in a hierarchical frame transmission order
in the frame groupings. When tuning into the stream at an intermediate
position in such a frame grouping, i.e. missing at least one or more media
frames of the frame grouping, the alternative timestamps can be used to
achieve an efficient media processing even though tuning in did not occur
at  20 the start of the frame grouping. In such a case, the alternative
timestamps of the media frames received for the tuned-in frame grouping are
used to determine an alternative rendering time schedule for the media data
of these media frames. The effect of any gaps in the media rendering that
otherwise may occur due to the missed media frame or frames of the frame
grouping  25 can therefore be reduced or even be non-existent by conducting
the media rendering according to the alternative timestamps instead of the
traditional, default timestamps.          Embodiments also relate to
devices for generating and processing media 30frames of a stream and to
such a stream. SHORT DESCRIPTION OF THE DRAWINGS  5 The embodiments
together with further objects and advantages thereof, may best be
understood by making reference to the following description taken together
with the accompanying drawings, in which: Fig. 1 is a schematic
illustration of transmission and rendering of a stream of media frames
according to the prior art; 



Fig. 2 is a schematic illustration of transmission and rendering of a
stream of media frames with interleaved media frames; 10 Fig. 3 is a flow
diagram illustrating a method of generating a stream of media frames
according to an embodiment;           Fig. 4 is a schematic illustration of
transmission and rendering of a stream of 15media frames with alternative
timestamps according to an embodiment; Fig. 5 is a schematic illustration
of transmission and rendering of a stream of media frames with alternative
timestamps according to another embodiment; 20Fig. 6 is a schematic block
diagram of a device for generating a stream of media frames according to an
embodiment; Fig. 7 is a flow diagram illustrating a method of processing a
stream of media frames according to an embodiment; 2 5 Fig. 8 is a flow
diagram illustrating an additional optional step of the stream processing
method in Fig. 7;           Fig. 9 is a flow diagram illustrating
additional optional steps of the stream .30processing method in Fig. 7;  



Fig. 11 is a flow diagram illustrating an additional optional step of the
stream processing method in Fig. 7; Fig. 12 is a schematic block diagram of
a device for processing a stream of media frames according to an
embodiment; and Fig. 13 is a schematic overview of a portion of a wireless
communication system, in which the embodiments can be implemented. 10
DETAILED DESCRIPTION Throughout the drawings, the same reference characters
will be used for corresponding or similar elements. The embodiments relate
to the generation and usage of media streams comprising data packets
carrying media frames. As is known in the art, such media frames or more
correctly the data packets carrying the media data of the media frames
comprise assigned timestamps. These timestamps are used during decoding and
rendering or play out for defining a rendering or 20 play-out order and
time of the media. In the prior art arrangements, each media frame has a
single timestamp defining the rendering time of the media of that media
frame. The embodiments of the invention have taken a radically different
approach 2 5 by assigning, to at least some of the media frames in a media
stream, alternative timestamps. As a consequence, each of these media
frames then has multiple assigned timestamps defining different rendering
times of the media in the media frame. Thus, the traditional, default
timestarnp defining the rendering time according to a default rendering
time schedule is 30complemented with at least one alternative timestamp
defining an alternative rendering time according to an alternative
rendering time schedule. 



7 The alternative timestamps of the media stream can be utilized by media
processing terminals, such as media players, transcoders, etc., for
different purposes as disclosed herein. Media or multimedia data refers to
any data that can be provided by a content provider or server to a media
player for rendering of the data. Typical preferred examples include video
data and/or audio data. Media data can also be in the form of scalable
video data and rich media that can be processed and rendered to form
different scenes, including scalable vector 10graphics (SVG). A media
stream according to the embodiments comprises multiple media frames, each
comprising media data. Thus, such a media frame can be a video media frame
carrying video data. Video media frames are traditionally classified as
intra frames (I frames) or inter frames, including predicted frames (P
frames) and bi-directional predicted frames (B frames). A media frame can
also be an audio frame carrying audio data. In the case of scalable video
data, a media frame can correspond to the base layer of the scalable video
data or carry data of an additional enhancement layer applicable to the 2 0
base layer. Rich media traditionally comprises scenes or random access
points and so-called scene updates. A media frame can therefore also carry
such scene data or scene update data. Fig. 3 is a flow diagram illustrating
a method of generating a stream of media 2 5 frames according to an
embodiment, The method starts in step SI where multiple media frames are
provided. This frame provision of step Si can be implemented by fetching
the media data of the frames from an accessible media memory, in which the
media data previously has been entered. Alternatively, the media frames are
received from some other external unit, where the media data has been
stored, recorded or generated. A further possibility is to actually create
the media data, such as recording a video sequence or synthetically
generating the media data.  S The media frames provided in step SI have
respective assigned default timestamps defining a rendering time of the
media of the media frames according to a default rendering time schedule.
These default timestamps are the traditional timestamps that are assigned
to the media frames and are used during the processing of the media, such
as decoding and rendering of the media. Generally, the media frames have a
defined rendering order and time that are dictated by the default
timestamps. 



As is known in the art, the media data of a media frame may be housed in
one or more, often consecutive in terms of transmission order, data
packets. In the former case, there is a one-to-one relationship between
media frame and data packet, implying that the default timestamp assigned
to the media frame can be regarded as being assigned to the data packet
carrying the data of the media frame or vice versa. In the latter case, all
data packets carrying 15 the data of a media frame are preferably assigned
the default timestamp of that media frame, Thus, all these data packets
associated with a single media frame preferably contain a notification of
the same default time stamp. In the following, default or alternative
timestamps are discussed as being assigned to media frames. However, this
also encompasses assigning 20  the default and alternative timestamps to
data packets carrying the data of the media frames as disclosed
hereinabove. In an optional but preferred embodiment, the provided media
frames with default timestamps are organized into multiple frame groupings.
Such a frame grouping then comprises multiple media frames of the stream,
preferably multiple consecutive, as defined by the default timestamps,
media frames. A non-limiting example of such a frame grouping used in the
art in connection with media streaming is the so-called forward error
correction (FEC) blocks or groups. Such a FEC block comprises, in the case
of video 30 data, an infra frame followed in rendering order, as defined by
the default timestamps, by a number of inter frames. FEC is a system of
error control for data transmission, where-by redundancy is added to the
media data and  can be used by a receiver for correcting errors occurring
during the data transmission and reception. The media frames belonging to a
frame grouping, such as a FEC block, are preferably organized in a
hierarchical frame transmission order. In such a case, a hierarchical top
frame is preferably provided at the end of the transmission order while a
hierarchically bottom frame is provided at the beginning of the
transmission order. This frame transmission order is different from and
often not related to the rendering order of the media frames, which is
defined by the assigned timestamps. In the prior art arrangement
illustrated in Fig. 1, the transmission order of the media frames 22 to 26
of a frame grouping 20 coincidences with the frame rendering order.
However, in. Fig. 2 the transmission order of the media frames 22 to 26 of
the frame grouping 20 is basically opposite to the rendering order defined
by the default timestamps 40 assigned to the media frames 22 to 26. Such a
hierarchical frame transmission order achieved by interleaving is generally
preferred as it allows a tuning-in media player to decode and render at
least a portion of the media frames 22-26 even though the tuning-in
occurred somewhere after the start of the FEC block 20. A preferred
implementation therefore provides a hierarchical frame transmission order
of the media frames in. a frame grouping with the most important media
frames last in the transmission order and the least important frames first
in the transmission order. In the case of video media data an.d usage of
FEC blocks as frame groupings, the hierarchically top frame, i.e. the most
important frame of the FEC block, is generally the intra frame.
Correspondingly, the hierarchically bottom frame, i.e. the least important
frame of the FEC block, is generally any inter frames that are not used as
reference frame for any other inter frame in the media stream. Thus, no
other inter frames are predictive based. on these least important media
frames. As a consequence, the hierarchical frame transmission order
preferably comprises the intra frame at the end, preceded by any inter
frames that are used as reference frames for at least one other inter frame
in  10 the media stream and any inter frames that are not used as reference
frames for any other inter frame in the media stream at the beginning of
the transmission order. 



In the case of scalable video media, a hierarchical top frame can be the
media frame carrying the media data of the base layer. Less hierarchically
important frames can the media frames carrying additional enhancement
layers. Each such less important media frame, thus, increases the frame
rate of the media stream. The above given preferred examples illustrate
reverse interleaving by having a transmission order of the media frames
that is basically the reverse of the default rendering order. The
embodiments are, though, not limited to such reverse interleaving but any
type of transmission order and interleaving 1 5 could be used. For example,
if there is a scene change during the frame grouping, more tha.n one intra
frame may be provided in the frame grouping. In such a case, the multiple
intra frames can be placed at the end of the transmission order for the
frame grouping. Alternatively, the infra frame may be placed after the
scene in rendering order. A next step S3 of the stream generating method in
Fig. 1 determines a respective alternative timestamp for each media frame
of at least a portion of the media frames in the stream. These alternative
timestamps define an alternative rendering time of the media of the media
frames according to an alternative rendering time schedule. At least a
portion of the media stream therefore has at least two sets of timestamps
according to different renderin.g time schedules. The alternative
timestamps are., in an embodiment of step S3, determined as .3 (3
respective time offsets relative the default timestam.ps assigned to the
media frames. Alternatively, the alternative timestamps can be determined
in step S3 as respective time offsets relative a rendering time of another
media frame, in particular to another media frame of the same frame
grouping. Fig.  11 4 illustrates this concept. In the figure, each media
frame 22 to 26 of a current media grouping 20 comprises a respective
default timestamp 40 defining the rendering time of the media in the frame
grouping according to a default rendering time schedule. The media frames
22 to 26 also comprise a respective alternative timestamp 50. These
alternative timestamps 50 are defined as time offsets relative the first
media frame 26 of the frame grouping 20 according to the hierarchical frame
transmission order. Thus, the alternative timestamp assigned to the first
media frame 26 in the  to transmission order has an offset value of zero. A
next media frame P26 in the transmission order has an offset value of one
and so one. As is further described herein, these offset values can be used
to provide an efficient stream tune-in without the disadvantages associated
with the prior art. 15The alternative timestamps determined in step S3 for
the media frames can 



advantageously be defined based on the frame transmission order of the
media frames. This is further illustrated in Fig. 4, where the values of
the offsets, i.e. the alternative timestamps 50, are dependent on the
relative positions of the media frames 22 to 26 in the transmission order
of the FEC  20 block 20. In this illustrative example, the offset values 50
are increased for later transmitted media frames of the FEC block 20 and
with the lowest offset value 50 assigned to the first media frame 26 in the
transmission order of the FEC block 20. 2 5In the foregoing, one
alternative timestamp has been assigned per media frame. The present
embodiments are though not limited thereto. In clear contrast, multiple
alternative timestamps can be assigned to at least a portion of the media
frames in the media stream. These multiple alternative timestamps then
define different alternative rendering times of the media in  0, the media
frame according to different alternative time schedules. This embodiment of
using multiple alternative timestamps per media. frame can be advantageous,
for instance, in the case of tuning-in in order to reduce the  12 period of
waiting the start of the media rendering as is further disclosed herein.
Returning to Fig. 3, once the alternative timestamps have been determined
such as according to any of the previously disclosed embodiments, the
alternative timestamps are assigned to media frames in the media stream.
The alternative timestamps can be assigned to all media frames in the media
stream or only a portion thereof, to all media frames of a frame grouping
or only a portion thereof. The alternative timestamps assigned to media
frames 10of a same frame grouping may be different or at least a portion
thereof may be the same      The method then ends with a generated media
stream where each media frame has a respective default timestamp and at
least some of the media 



5frames have at least one respective assigned alternative timestamp. Fig. 6
is a schematic block diagram of a stream generating device 100 for
generating a stream of media. frames. The stream generating device 100
comprises a frame provider 120 implemented for providing multiple media  20
frames, each having a respective default timestarnp. The frame provider 120
can be connected to an internal or external media engine 170 that records
or generates the media of the media frames. Alternatively, the frame
provider 120 receives th.e media frames, typically in a coded form or as
uncoded media data, from a connected receiver 110 of the stream generating
device  /3 100, The receiver 110 then receives the media data through. a
wired. or wireless communication from an external terminal in. the
communication. system. As a further alternative, the frame provider 120 can
fetch the media frames or the media data to be organized into media frames
from a connected frame memory 160 of the stream generating device 100. 3 0
The stream. generating device 100 preferably comprises an optional
timestamp determiner 140 that determines alternative timestamps for the
media frames. This timestamp determiner 140 can, as has been previously  13



mentioned, determine the alternative timestamps to be respective time
offsets relative the default timestamps assigned to the media frames or
time offsets relative a rendering time of another media frame in the
stream. The timestamp determiner 140 may optionally determine the
alternative timestamps based on a relative frame transmission order which a
transmitter 110 of the stream generating device 100 uses for transmitting
the media frames to one or more user terminals. The timestamp determiner
140 may determine one or more alternative timestamps for each media frame
that should be assigned an alternative timestamp. 10 A timestamp assigner
130 assigns the determined alternative timestamps to each media frame of a
least a portion of the media frames provided by the frame provider 120. The
formed media frames having a default thnestamp and at least one alternative
timestamp may be directly sent by the transmitter 110 to one or more
external units, such as transcoders, user terminals with media players,
etc. Alternatively, the formed media frames can be entered in the frame
memory 160 for later retrieval and transmission to the external unit or
units. 20An optional frame organizer 150 is implemented in the stream
generating device 100 for organizing the provided and processed media
frames into frame groupings, such as FEC blocks. The frame organizer 150
preferably organizes the media frames in a frame grouping in a hierarchical
frame transmission order with the hierarchically top frame at the end of
the 25  transmission order and the hierarchically bottom frame at the
beginning of the transmission order as previously described. The media
frames generated according to the present embodiments may be transmitted to
one or more user terminals as, for example, multicast or broadcast
transmissions by the transmitter 110. Alternatively, the stream generating
device 700 merely generates the media frames of the media stream, while the
forwarding of the media frames to user terminals is  14 conducted by some
other device of the wired or wireless communication system, in which the
stream generating device 100 may be implemented. The units 110 to 140 of
the stream generating device 100 may be provided in 5 hardware, software or
a combination of hardware and software. The stream generating device 100
may advantageously be arranged in a network node of a wired or preferably
wireless, radio-based communication system. The stream generating device
100 can constitute a part of a content provider or server or can be
connected thereto. 



10 Fig. 7 is a flow diagram illustrating a method of processing media
frames of a media stream according to an embodiment. In this embodiment,
the stream comprises multiple frame groupings, such as FEC blocks, each
comprising multiple media frames. The media frames have a respective
default 15 timestamp defining the rendering time of the media data of the
media frames according to the default rendering time. At least some of the
media frames further comprise at least one alternative timestamp each as
previously disclosed herein. 20With reference to Figs. 4 and 7, the method
starts in step S10 which involves tuning into the stream 1 at an
intermediate point of a frame grouping 20. The remaining frames 12, P21 to
P23 of the frame grouping 20 is received in the next step S11. 25If the
decoding and rendering of the media frames should have been conducted using
the default timestamps 40 according to the prior art technique, the
problems illustrated in the background section with reference to Fig. 2
would occur. However, in step 512 the alternative timestamps 50 of the
received media frames 12, P21 to P23 are used for determining an 30
alternative rendering time schedule. Thus, in this case the rendering time
schedule to use when defining the respective rendering times of the media
frames is determined using the alternative timestamps 50 and not solely the
default timestamps 40.  15 In the example of Fig. 4, the alternative
timestamps 50 are in the form of time offsets with increasing offset values
for later transmitted media frames 



of the frame grouping 20. Thus, the received media frames 12, P21 to P23 of
the 5 frame grouping 20 have assigned alternative timestamp values of 7, 6,
5 and 4. In step S12 the smallest alternative timestamp value of the
received media frames 12, P21 to P23 is identified, i.e. 4 in the present
case. The next step S13 renders the received media frames 12, P21 to P23
according 10 to the alternative time schedule determined in step S12 based
on the alternative timestamps. Thus, in this example of Fig. 4, rendering
of the media frames should be started with timestamp number 5=1+4. This
results in that any media data corresponding to earlier timestamps are
skipped. In other words, comparing the prior art of Fig. 2 with the
embodiment in Fig. 4, 1 5 the rendering of the media frames 12, P21 to P23
is started at the same play-out time but with different starting
timestamps, 5 according to the embodiment and 1 according to the prior art.
This alternative time schedule provides, in this embodiment, a continuous
uninterrupted rendering of the media data according to timestamps 5, 6, 7,
8 of the first frame grouping 20 20 and then continuing smoothly into
rendering media frames 32, 34 of the second frame grouping 30 without any
interruption or prolonged display in the play-out. This means that the
prolonged display of the media data of one media frame 25 P23 once the
rendering has started as in Fig. 2, is solved by the embodiment in Fig. 4.
The embodiment in Fig. 4 provides a much more visually attractive solution
to a viewing user as, once the media rendering has started, no interruption
or unnaturally prolonged display of media data is needed. In clear
contrast, the rendering runs smoothly through the media frames 12, P21 30to
P23 of the current frame grouping 20 and into the media frames I3, P31 of
the next frame grouping 30.  16 



Fig. 8 is a flow diagram illustration an additional, optional step of the
processing method in Fig. 7. The method continues from step 512 of Fig. 7.
A next step S20 identifies a start frame among the received media frames
12, P21 to P23 of the current frame grouping 20. In a preferred embodiment,
the  5 frame grouping 20 has a hierarchical organization of the media
frames 22 to 26 with the most important, from decoding point of view, media
frame at the end of the frame grouping 20 in transmission order. Thus, the
start frame 22 is typically identified as the last frame 12 received for
the frame grouping 20. Generally, the start frame 22 is a media frame 22
from which decoding can  10 be started without reference to any other media
frame in the stream 1. The start frame 22 can therefore be an intra frame
of a video stream 1 or a base layer frame of a scalable video stream 1. The
start frame 22 can be identified based on information included in the media
frames 22 to 26, e.g. in the headers of the media frames 22 to 26 or from
the positions of the media 15frames 22 to 26 in a frame grouping 20. The
method continues to step 513 of Fig. 7, where the rendering of the media
frames is started with the start frame and is run according to the
alternative rendering time schedule. 20 With reference to Figs. 4 and 9,
the method continues from step SI3 of Fig. 7 to step S30 of Fig. 9. This
step S30 receives media frames 13, P31 to P37 of a following frame grouping
30. The rendering of these media frames I3, P31 to P37 is, however,
typically performed according to the default time schedule in  25 step S31.
Thus, the alternative timestamps are used for the media frame 12, P21 to
P23 of the first frame grouping 20, in which the tuning in occurred after
the transmission of the first media frame P27. However, for following frame
groupings 30 for which all media frames 13, P31 to P37 are received and can
be decoded and rendered, the rendering can be conducted according to the
30 default time schedule defined by the default timestamps. Alternatively,
the same time offset determined based on the alternative timestamps of the
first frame grouping 20 and applied to all media frames 12, P21 to P23 of
that frame grouping 20 can also be applied to frames 13, P31 to P37 of
following frame  17 groupings 30. Thus, the rendering time schedule for
these following time groupings 30 is then defined based on the default
timestamps and the determined time offset. 



The loop defined by steps S30 and S31 is preferably conducted for each
subsequent received frame grouping, which is schematically illustrated by
the line LI. Fig. 10 is a flow diagram illustrating an additional, optional
step of the 10 processing method in Fig. 7. The method continues from step
S1 1 of Fig. 7. In this embodiment, the alternative timestamps available
for at least a portion of the received media frames are in the form of time
offsets as illustrated above in connection with Fig. 4. A next step 540
identifies the smallest of the time offsets of the media frames received
for the current frame grouping. The alternative rendering time schedule for
the frame grouping is then determined at least partly based on the
identified smallest time offset. In a typical implementation, the
identified time offset determines the rendering start time for the start
frame of the frame grouping. Thus, the identified time offset allows
determination of the particular time at which the 20  rendering of the
media data of the start frame, such as I frame, of the frame grouping
should be initiated by a media player. A particular embodiment of the
determination of the alternative rendering time schedule uses both the
alternative timestamps and the default timestamps for defining the
alternative rendering time schedule. For instance and with reference to
Fig. 4, the smallest alternative timestamp SO of the received media frames
12, P21 to P23 in the current frame grouping 20 is four. This value can
then be added to the default timestamps 40 of the received media frames 12,
P21 to P23 to get updated timestamps that define the actual rendering times
of the media frames 12, P21 to P23. In this illustrative example, the start
frame 22 will therefore get a timestamp of 1+4=5 and the other following,
in rendering order, media frames P21 to P23 get timestamps 6  18 to 8. The
rendering of these media frames 12, P21 to P23 is therefore started with
timestamp 5. Fig. 5 illustrates an alternative embodiment of assigning and
using the alternative timestamps. Firstly, this embodiment illustrates that
not all media frames 22 to 26 of a frame grouping 20 needs necessarily to
have a respective alternative timestamp. When using the alternative
timestamps for providing an efficient tune into the media stream 1, it
might -be acceptable to display the media data of one of the media frames
for a few milliseconds, 1 0 which occurs when tuning in shortly following
after the start of the frame grouping 20 and without any assigned
alternative timestamps. Thus, the problem of the prior art becomes
increasingly worse the later in a frame grouping 20 a user terminal tunes
in. This means that any alternative timestamps is preferably assigned to at
least the last few media frames in I. 5 transmission order of the frame
grouping 20. However, the beneficial effects of alternative timestamps in
connection with tuning-in are most efficiently utilized if all media frames
or at least a major portion thereof in a frame grouping have respective
assigned or associated alternative timestamps. 20Fig. 5 also illustrates
another difference as compared to the embodiment in 



Fig. 4. In Fig. 4, each media frame 22 to 26 of a frame grouping 20 has a
unique alternative timestamp 50 defined based on the relative position of
the media frame 22 to 26 in the frame grouping 20 according to the frame
transmission order. It is actually not necessary to have unique alternative
timestamps 50 for the media frames 22 to 26. In clear contrast, at least
two of the media frames 22 to 26 of a frame grouping 20 can have the same
assigned alternative timestamp 50. In Fig. 5 all media frames 12, P21 to
P24 having alternative timestamps 50 have :3 0 the same timestamp value.
Comparing the situation in Fig. 5 with Fig. 4, a user terminal tuning in to
the media stream I between frames P2J and P23 will receive the same media
frames 12, P2 I to P23 as in Fig. 4. However, the smallest alternative
timestamp, i.e. offset value in this example, is three and  19 not four.
The calculated timestamp of the start frame 22 is therefore 1+3=4, implying
that the start timestamp is actually one point smaller than in Fig. 4. In
Fig. 5 and due to the assignment of the same alternative timestamps, the
media data of one of the media frames P23 will actually be displayed for
two rendering time instances before the rendering is continued with media
data from the media frames 32, 34 of the following frame grouping 30. This
therefore provides a somewhat inferior result as compared to Fig. 4 but is
still a significant improvement as compared to the corresponding prior art
case illustrated in Fig. 2. Thus, the embodiments can still provide 10
improvements over the prior art with only assigning alternative timestamps
to some of the media frames and also when assigning the same alternative
timestamps to multiple media frames. Fig. 11 is a flow diagram illustrating
an alternative, optional step of the processing method in Fig. 7. The
method continues from step S11 of Fig. 7. The following additional step S50
is applicable in the case multiple alternative timestamps are assigned to
the media frames. In such a case, step S50 identifies an alternative
timestamp to use for each received media frame having multiple assigned
alternative timestamps. Furthermore, the 20 identification in step S50 is
preferably performed at least partly based on a tuning-in position into the
stream in the frame grouping. Thus, if tuning-in occurs quite early in the
frame grouping respective first alternative timestamps are identified for
the media frames in step S50. However, if the tuning-in instead occurred
later on in the frame grouping, respective second, different alternative
timestamps are preferably identified. This allows the user terminal to
identify the most appropriate set of alternative timestamps for the current
situation. As a consequence, a first user terminal tuning-in at a. first
position in a frame grouping of the media stream will therefore typically
use another set of alternative timestamps as compared to a second user
terminal tuning-in at a second position of the same frame grouping.  20
information for determining the position of the media frames in the
transmission order of the frame grouping. For instance, data packets
carrying media frames may include header information allowing
identification of the respective packet numbers of the data packets. Any
such included information can be used for determining the tuning-in
position in a frame grouping and identifying a correct alternative
timestamp in step S50. 



The method continues to step S12 of Fig. 7, where the identified
alternative timestamps are used for determining the alternative rendering
schedule for 13the received media data. Fig. 12 is a schematic illustration
of an embodiment of a device 200 for processing media frames. In the
figure, the device 200 has non-limitedly been illustrated in the form of a
user terminal having media playing 1 5 functionality. Such a user terminal
200 may, for instance, be a portable user terminal of a wireless
communication system, such as a mobile telephone, Personal Digital
Assistance, laptop with communication equipment, etc. Other examples of
user terminals that can benefit from the invention include computers, game
consoles, TV decoders and other equipment adapted for processin.g and
rendering media data. Furthermore, the device 200 does not necessarily have
to be a media rendering device. In clear contrast, the device 200 could usc
the alternative tiniestamps as disclosed herein for other processing
purposes. For instance, a transcoder adapted for receiving encoded media
frames, decoding them and then re-encoding the media 25frames can use the
alternative timestamps. The device 200 comprises a receiver 210 for
receiving media frames of a media stream. In an embodiment, the device 200
tunes into the media stream somewhere after the start of a frame grouping
of media frames. Thus, .30the device 200 does not receive all media frames
of the current tuned in e grouping.  



21 A schedule determiner 220 of the device 200 uses alternative time stamps
available for at least some of the received media frames of the frame
grouping for determining an alternative rendering time schedule for the
received media. In a first implementation, the schedule determiner 220
extracts the alternative timestamps from the data packets carrying the
media frames. This means that the alternative timestamps are included in
the same data packets that carry the media frames. In an alternative
implementation, the 10 alternative timestamps are signaled. separately,
i.e. not included in the media frame carrying data packets. For instance, a
control channel relating to the media session involving the forwarding of
media data to the device 200 could be used for separately transmitting the
alternative timestamps. This can be implemented by associating each
alternative timestamp with an identifier of a media frame or a data packet
of an identifier of the frame position in a frame grouping to which the
alternative timestamp can be applied. In such a case, the device 200 can
decide whether or not to receive the alternative timestamps. This means
that devices 200 having no need for usage of the alternative timestamps,
for instance, by already having tuned into the 20 stream can disregard from
the reception of the alternative timestamps. The total size of the
transmitted media frame packets can therefore be kept somewhat smaller than
if alternative tirnestamps are included therein. Still another possibility
is to use alternative timestamps that are already 2 5 provided at the
device 200 before the reception of media frames. For instance, the
alternative timestamps can be hard coded in a memory 260 of the device 200
or be received, for instance, at the initiation or set up of the media
session. This embodiment s possible if the frame groupings typically have a
well-defined size in terms of the number of media frames per frame grouping
and if a media frame occupying a given position in a frame grouping can use
the same alternative timestamp as another media frame  22 comprising eight
media frames 22 to 26. In such a case, the first media frame 26, 36 in each
frame grouping 20, 30 according to the transmission order has the same
alternative timestamp, the second media frames have the same alternative
timestamps and so on. In such a case, the device 200 preferably comprises a
timestamp identifier 250 for identifying at least one alternative timestamp
to use when determining the alternative rendering time schedule for the
received media data. The timestamp identifier 250 preferably identifies the
position in the  1.0 frame grouping at which the tuning into the stream
occurred. The alternative timestamp of the multiple hard coded or
previously provided alternative timestamps to use is then preferably
determined based on this identified position. 



1 5The device 200 typically, but not necessarily as mentioned above,
comprises a media player 270 that performs the actual media rendering or
play out. The media player 270 comprises or has access to a decoder 275 for
decoding the media frames and media data according to well-known
techniques. The decoded media is rendered by the media player 270, for
instance by being displayed on a display screen 280 included in or
connected to the device 200. Alternatively, or in addition, media in the
form of audio can be played out by a loudspeaker 290 included in or
connected to the device 200. An optional frame identifier 230 may be
implemented in the device 200 for identifying a rendering start frame of
the tuned in frame grouping. This start frame is typically identified based
on information included in the received. data pacl"its, such as the default
timestamps or information identifying the type of media frame, such as
intra or inter frame, carried by the data packets. The media player 270
starts the media rendering with the data  0 included in the identified
start frame and then continues with the media rendering according to the
alternative rendering time schedule determined by the schedule determiner
220.  23 Once all media data of the current frame grouping has been
rendered, the media player 270 continues with media data from following
frame groupings. However, in such a case the default timestamps included in
the received media frames can be used for these subsequent media frames
implying that the media rendering proceeds according to the default
rendering time schedule. In the case the alternative timestamps are defined
as time offsets relative the default timestamps, the schedule determiner
220 preferably determines the 10alternative rendering time schedule based
on both the default timestamps and the alternative timestamps assigned to
the media frames. The alternative timestamp or timestamps to use for
determining the start rendering time of the received media is preferably
identified by an offset identifier 240 of the device 200. The offset
identifier 240 preferably identifies the smallest offset time assigned for
the media frames correctly received and being decodable by the device 200
for the current frame grouping. The schedule determiner 220 uses this
identified smallest offset value, optionally together with the default
timestamps, for determining the alternative 



20rendering time schedule to use by the media player 270. The
above-mentioned timestamp identifier 250 may also be used by the device 200
in the case at least some of the received media frames have multiple
assigned alternative timestamps. The timestamp identifier 250 then 2 5
preferably selects the alternative timestamp or timestamps that are
applicable to the current case based on the tuning-in position of the
device 200 in the media stream as previously described.           The units
210 to 250, 270, 275 of the device 200 may be provided in 30hardware,
software or a combination of hardware and software.  24 rendering without
long periods of displaying or playing out the same media data. This is,
however, not the only advantageous frame processing benefiting from the
alternative timestamps. As was mentioned above, the alternative timestamps
can be used during media transcoding, when a tra.nscoder device did not
correctly receive all media frames of a frame grouping. Furthermore, the
transcoder device can use the alternative timestamps for determining an
alternative rendering time schedule for the media. 1 0In such a case, the
transcoder device may use the alternative timestamps basically in the same
way as a decoder does as previously described herein. For instance, the
transcoder device may choose a rendering time depending on the tune-in
occasion of a frame grouping using the alternative timestamps.
Correspondingly, a transcoder device may operate like an  5 encoder by, for
example, reversing the order of media frames in the frame grouping with the
most important frame at the end of the frame grouping. The transcoder
device then assigns each media frame an alternative timestamp, such as
timestamp offset, depending on the distance of the position of media frame
in the frame grouping to the end of the frame 



20grouping. A further example of usage of alternative timestamps is when
multiple types of media are to be processed together, for instance video
and audio media. In such a case, the video frames are sent in separate data
packets possibly in a separate media stream as compared to the data packets
carrying the audio frames. Furthermore, the video frames generally have
default timestamps separate from the default timestamps assigned to the
audio frames. Alternative timestamps can be used in connection with the
video frames, the audio frames or both the audio and video frames for
determining the media rendering time schedule of one type of media, such as
video, dependent on the amount of media already received of the other type
of media, i.e. audio, or vice versa. For instance, the alternative
rendering time schedule of the video data can be determined by alternative
timestamps assigned to the  25 video frames based on the amount of audio
data received. Thus, if the device receives 1 second of audio and the audio
data is sent in decoding order, then the device determines that the video
can be pushed forward with a timestamp offset of FEC block size
corresponding to one 1 second. This offset, i.e. alternative timestamp, is
then used by the device to adjust the video so that 1 second of video is
regarded as being present. Another example is if the device knows the
distance between the timestamp of a frame and the timestamp of the start
frame (in display order) of the next FEC block. In this case, the device
can receive, for instance, 2 seconds of video 10 and use alternative
timestamps, such as offsets, so that these 2 seconds of video are the last
two seconds of a current FEC block to thereby provide a smooth transition
over FEC block borders. The alternative timestamps can also be used, for
instance, for fast forward traversal through the media frames of a stream.
For instance, rendering of media data of a stream can occur during the
default time schedule where all media frames are rendered. in due course
according to the default            -nestamps. Alternatively, the media
data of the stream is rendered according to the alternative time schedule
defined by the alternative 20 timestamps. In such a case, some of the media
frames may actually be skipped as defined by the alternative timestamps to
thereby "jump" between selected media frames in the stream and omitting the
media data carried by other skipped media frames. Using alternative sets of
timestamps as disclosed herein may be interpreted as stating that an image
can he displayed at multiple points of time according to different
rendering time schedules. When choosing which image to display when fast
forwarding, the media frame with the longest span of valid time can
therefore be selected. 0 A further example of usage of alternative
timestamps is to achieve an 



efficient navigation within the media stream. By giving a media frame an
alternative time stamp, when navigating to a certain time, even during fast
26 forwarding, the media frames are not required to be taken at exactly
these times defined by the time stamps. For instance, instead of displaying
times 10, 20, 30 and so on, it may be easier to decode the media frames 9,
19, 29 and so on. Fig. 13 is a schematic overview of a portion of a
wireless communication system 500 in which embodiments may be implemented.
The communication system 500 comprises one or more network nodes or base
stations 400 providing communication services to connected user terminals
10 200. In particular, the base station 400 communicates data packets
carrying media frames having assigned default and alternative timestamps as
disclosed herein. The base station 400 comprises or is connected to a media
server or provider 300 comprising the stream generating device 100
described above and disclosed in Fig. 6. The media stream may be
transmitted in a unicast transmission but is typically in the form of a
multicast or broadcast transmission as schematically illustrated in the
figure. 20It will be understood by a person skilled in the art that various
modifications and changes may be made to the present invention without
departure from the scope thereof, which is defined by the appended claims.
27 



CLAIMS A method of generating a stream of media frames comprising:
providing multiple media frames, each media frame of said multiple media
frames has an assigned default timestamp defining a rendering time of media
of said media frame according to a default rendering time schedule; and
assigning, to each media frame of at least a portion of said multiple media
frames, an alternative timestamp defining an alternative rendering time of
said media of said media frame according to an alternative rendering time
schedule. 1 0 2. The method according to claim I, further comprising
organizing said multiple media frames into a frame grouping, wherein said
stream comprises multiple frame groupings. 1 53. The method according to
claim 2, wherein said organizing step comprises organizing said multiple
media frames in said frame grouping in a hierarchical frame transmission
order with a hierarchically top frame at the end of said hierarchical frame
transmission order and a hierarchically bottom frame at the beginning of
said hierarchical frame transmission. order. 20 4. The method according to
claim 3, wherein said organizing step comprises organizing said multiple
media frames in said frame grouping in said hierarchical frame transmission
order with an intra frame at said end of said hierarchical frame
transmission order, preceded by any inter frames of said 



25 multiple media frames that are used as reference frames for at least one
other inter frame of said multiple frames and with any inter frames of said
multiple media frames that are not used as reference frames for at least
one other inter frame of said multiple frames at said beginning of said
hierarchical frame transmission order. 30  28 media frames, said
alternative timestamp as a time offset relative said default timestamp
assigned to said media frame. 6. The method according to any of the claims
1 to 4, further comprising 5 determining, for each media frame of said at
least a portion of said multiple media frames, said alternative timestamp
as a time offset relative a rendering time of another media frame of said
multiple media frames. 7. The method according to any of the claims 1 to 6,
further comprising 10 determining, for each media frame of said at least a
portion of said multiple media frames, said alternative timestamp based on
a relative transmission time of said media frame according to a frame
transmission order associated with said multiple media frames. 158. A
device for generating a stream of media frames comprising:          a frame
provider for providing multiple media frames, each media frame of said
multiple media frames has an assigned default timestamp defining a
rendering time of media of said media frame according to a default
rendering time schedule; and 20-a timestamp assigner for assigning, to each
media frame of at least a 



portion of said multiple media frames, an alternative timestamp defining an
alternative rendering time of said media of said media frame according to
an alternative rendering time schedule. 259. The device according to claim
8, further comprising a frame organizer for organizing said multiple media
frames into a frame grouping, wherein said stream comprises multiple frame
groupings. 10. The device according to claim 9, wherein said frame
organizer is arranged 30 for organizing said multiple media frames in said
frame grouping in a hierarchical frame transmission order with a
hierarchically top frame at the end of said hierarchical frame transmission
order and a hierarchically bottom frame at the beginning of said
hierarchical frame transmission order. 29  11. The device according to any
of the claims 8 to 10, further comprising a timestamp determiner for
determining, for each media frame of said at least a portion of said
multiple media frames, said alternative timestamp as a time 5offset
relative said default timestamp assigned to said media frame.  12. The
device according to any of the claims 8 to 10, further comprising a
timestamp determiner for determining, for each media frame of said at least
a portion of said multiple media frames, said alternative timestamp as a
time 10offset relative a rendering time of another media frame of said
multiple media frames.  13. The device according to any of the claims 8 to
12, further comprising a timestamp determiner for determining, for each
media frame of said at least a 



15 portion of said multiple media frames, said alternative timestamp based
on a relative transmission time of said media frame according to a frame
transmission order associated with said multiple media frames.  14. A media
frame stream comprising multiple media frames, wherein 20 each media frame
of said multiple media frames has an assigned default timestamp defining a
rendering time of media of said media frame according to a default
rendering time schedule; and          each media frame of at least a
portion of said multiple media frames has an alternative timestamp defining
an alternative rendering time of said media 25of said media frame according
to an alternative rendering time schedule.  15. A method of processing
media frames of a stream of multiple frame groupings comprising multiple
media frames, each media frame having a default timestamp defining a
rendering time of said multiple media frames of a 30frame grouping
according to a default rendering time schedule, said method comprising:
tuning into said stream at an intermediate point of a frame grouping of
said multiple frame groupings;  30           receiving media frames of said
frame grouping following said intermediate point; and       determining an
alternative rendering time schedule for said received media frames based on
at least one alternative timestamp available for said frame grouping. 



16. The method according to claim 15, further comprising:       identifying
a rendering start frame of said frame grouping among said received media
frames; and 1. 0-rendering said received media frames starting with said
rendering start frame according to said alternative rendering time schedule
17. The method according to claim 16, further comprising rendering multiple
media frames of at least one following frame grouping of said stream
according to the default rendering time schedule of said at least one
following frame grouping.  18. The method according to any of the claims 15
to 17, wherein said determining step comprises determining said alternative
rendering time 20schedule based on said at least one alternative timestamp
and said default timestamps assigned to said received media frames.  19.
The method according to any of the claims 15 to 18, wherein said
alternative timestamps are time offsets and at least a portion of said
multiple frames of said frame grouping has a respective assigned time
offset, said determining step comprises:       identifying a smallest time
offset among said received media frames; and       determining said
alternative rendering time schedule based on said smallest time offset.  



3 1 default timestamp defining a rendering time of said multiple media
frames of a frame grouping according to a default rendering time schedule,
said device comprising:       a receiver for receiving media frames of a
frame grouping of said multiple frame groupings following an. intermediate
tune-in point of said frame grouping; and  a schedule determiner for
determining an alternative rendering time schedule for said received media
frames based on at least one alternative timestamp available for said frame
grouping. 1 0 21. The device according to claim 20, further comprising:  a
frame identifier for identifying a rendering start frame of said frame
grouping among said received media frames; and          a media player for
rendering said received media frames starting with said rendering start
frame according to said alternative rendering time schedule.  22. The
device according to claim 21, wherein said media player is arranged for
rendering multiple media frames of at least one following frame grouping of
said stream according to the default rendering time schedule of said at
least one 



20followin.g frame grouping.  23. The device according to any of the claims
20 to 22, wherein said schedule determiner arranged for determining said
alternative rendering time schedule based on said at least one alternative
timestamp and said default timestamps 25assigned to said. received media
frames.  24. The device according to any of the claims 20 to 23, wherein,
said alternative timestamps are time offsets and at least a portion of said
multiple frames of said frame grouping has a. respective assigned time
offset, said device further :3 0 comprises an offset identifier for
identifying a smallest time offset among said received media. frames,
wherein said schedule determiner is arranged for determining said
alternative rendering time schedule based on said smallest time offset.   




