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1 Introduction

The mandate of this adhoc group meeting is restricted to the definition of minimum requirements for a default video codec within 3GPP MBMS services. For MBMS services video content will usually be produced by professional content provider. One may assume that video encoding is done with high coding efficiency such that the definition of quality requirements for MBMS video encodings is less important or even not necessary at all. The situation is quite different for the video decoder residing in the UEs. A terminal manufacturer may decide not to spend too much effort on video decoders for cheap low end terminals, such that they may show some odd behaviour in case of non-conformant streams due to transmission errors.  In this contribution we discuss some issues to be considered as well as examples of the requirements
 an MBMS video decoder should meet to get a "3GPP seal of quality".

2 MBMS Video Services
2.1 Preliminaries

It is expected that MBMS video services will mainly be used for similar purposes as MMS and PSS, but when the content is of interest or devoted for a larger user group (more than about 5 users in a cell) and the operator decides that p-t-m distribution is more efficient than individual p-t-p distribution. Therefore, MBMS video services to be accepted must be capable to provide at least for most users the same quality as they are used to in case of p-t-p services. 
In our opinion this is the most essential aspect to be considered in the selection of a mandatory video codec. Specifically, the following issues must be addressed by 3GPP SA WG 4:

· What is the minimum quality necessary that users which are unaware that the bearer is MBMS request from a video service?

· How can these minimum requirements be specified such that the provider of an MBMS video service can be sure that the provided service is received with sufficient quality?

Especially the latter aspect is crucial as the service provider in contrast to p-t-p transmission

· cannot setup a capability exchange for each individual user;

· cannot request bearers which guarantee a certain QoS necessary to maintain some desired video quality;

· is not aware on the reception conditions of individual users and can therefore not adapt to transmission conditions by example

· switching between different versions,

· adapting its video transmission rate

· sending IDR frames for resynchronization and rebuffering, or

· terminating the service if no more sufficient quality can be provided. 
2.2 Expected Receiving Conditions

The framework as defined in TS-26.346 for MBMS streaming delivery as well as MBMS download delivery is not yet finalized; in particular, the definition of an FEC code is still missing. Nevertheless, we are convinced that a solution with any erasure correcting code considered will have similar effects on the experienced receiving conditions of different users. Therefore, we propose to exclude any discussion on FEC codes in the process of the definition of minimum requirements, but assume any FEC codes to be present in the framework.

We assume that for download delivery:

· A significant amount of users in the serving area will receive a correct video stream.

· Some users will be able to receive a correct video stream by individual repair sessions.

· Some users will receive only very few parts of the video stream.

We assume for streaming delivery that FEC is used which is designed such that a certain tune-in delay of 2-10 seconds is possible. With appropriate symbol length it is expected that the FEC is designed such that is capable to provide the following receiving conditions:  

1. For a significant amount of users errors are clean up completely with very high probability.

2. For some users occasionally (e.g. on an average every 10 minutes) a burst error of 2-10 seconds occurs where several or many video packets in this period are lost.

3. For a few users frequently (e.g. on an average every 1 minute) a burst error of 2-10 seconds occurs where several video packets in this period are lost.

4. For some users the correction capability of the FEC is not sufficient and only occasionally a sequence of video packets with access capability to video stream is decoded correctly.

Due to mobility users might experience different receiving conditions during a single MBMS session. 

3 Discussion on Minimum Requirements

As elaborated, the video service provider is not aware of the capabilities and receiving conditions of individual users. Hence, MBMS receivers and in particular the MBMS video decoder must be capable to deal with these different complex video streams as well as receiving conditions by itself but still maintain sufficient, i.e. p-t-p like, quality. In is also our understanding that a video decoder should be view as the entity of the video decoder and the corresponding RTP payload format or in case of download services the 3GPP file format.
In the following we will identify scenarios for which a standard including a mandatory video codec must give guidance. In particular, we are asking, what is necessary for a UE to be called “3GPP compliant” beyond the definition of the video standard itself? We will provide different options for what could be sufficient to claim 3GPP compliance, but at this point we are not able to select a single option as being appropriate. Some options might be exclusive, some others might be combined somehow. The options and the list are not exhaustive and for discussion only. Further studies, discussion and tests are necessary.
3.1 Requirements in case of correct data streams

Rationales:

In p-t-p video services, a capability exchange can provide a conformance point between a video encoder and a video decoder. In MBMS it is likely that heterogeneous receivers with different capabilities are present. The service provider could possibly encode the video stream for a low-complexity video decoder harming the performance of more advanced decoders. In contrast, the service provider could encode the video stream for a medium-complexity decoder excluding low-complexity decoders in participating in the MBMS session. Or is a low-complexity decoder allowed to participate in the MBMS session by dropping for example non-reference frames before the decoding process? A service provider wants to know what 3GPP compliant decoders do if it broadcasts a video stream encoded with a certain profile and level. Therefore, the notion of 3GPP compliant decoder must be exactly specified.

Possible Requirements:

A possible statement without giving exact specification could be as follows:

A 3GPP compliant MBMS video decoder
· shall be able to decode and display an H.26X profile Y level Z compliant bitstream correctly.

· shall/should/might be able to decode and display at least P% of the video frames of an H.26X profile Y level Z+D compliant bitstream compliant bitstream correctly.
· shall/should/might be able to decode and display all IDR frames of an H.26X profile Y level Z+D+E compliant bitstream compliant bitstream correctly.

· Etc.
We can not provide a sufficient answer at this point what would be an appropriate X, Y, Z, P, D, E.
3.2 Required actions in case of delayed frames or buffer under-run
Rationales: 

In MBMS streaming delivery some receivers in the MBMS session might experience a delayed reception of some video frames in a sense that its nominal display time has already expired. This is for example the case if adaptive retransmission is used within GERAN MBMS or if temporarily some congestion in the network is experienced due to heavy traffic. In this case the receiver experiences a buffer under-run. In p-t-p, buffer under-runs are avoided by appropriate RTCP messages, but in case of MBMS the decoder must deal with these issues by itself. 
Possible Requirements:

A possible statement without having put too many thoughts into the consequences could be as follows:
· In case of a buffer under-run a 3GPP compliant MBMS video decoder shall/should display the last correctly decoded frame.

· A 3GPP-compliant MBMS video decoder shall/should/might not display any frames which deviate more than X ms from its nominal presentation time.
· In case of an experienced buffer under-run a 3GPP-compliant MBMS video decoder shall/should/might apply re-buffering.
· In case of an anticipated buffer under-run the decoder shall/should/might apply adaptive media play-out.
We can not provide sufficient answers at this point for appropriate actions.
3.3 Required actions in case of buffer overflow
Rationales: 

If the network and the transmitter do not maintain a constant bit-rate, or the video decoder applies rebuffering or adaptive media playout, some UEs might experience or anticipate a buffer overflow. In p-t-p, buffer overflows are avoided by appropriate RTCP messages, but in case of MBMS the decoder must deal with these issues by itself. 
Possible Requirements:

· In case of a buffer overflow a 3GPP compliant MBMS video decoder shall/should/might drop new incoming video packets.

· In case of a buffer overflow a 3GPP compliant MBMS video decoder shall/should/might drop video packets with older presentation time.

· In case of an experienced buffer overflow a 3GPP-compliant MBMS video decoder shall/should/might apply re-buffering.

· In case of an anticipated buffer overflow the decoder shall/should/might apply adaptive media play-out.
We can not provide a sufficient answer at this point for appropriate actions.
3.4 Requirements in case of corrupted data streams

Rationales

We believe that the MBMS video decoder will have to deal with video streams where the FEC cannot clean up all errors, especially in the streaming delivery. However, due to check sequences and sequence numbering, the video decoder will experience missing RTP packets. In contrast to applications without FEC, it is unlikely that the decoder will experience random RTP packet losses. Instead, we strongly believe that due to the FEC over several seconds either all errors are cleaned up, or a significant amount of information is destroyed and it is unlikely that the decoder can make good use of the partly available information. In addition, it seems to be a waste of resources, if the video encoder would encode the video stream to be error resilient for random packet losses. Instead, we strongly believe that compression efficient encoding with regular IDR-frames will be chosen by most service providers. 
Nevertheless, the video decoder has to deal with syntactically incorrect bit-streams. Single source block losses might occur because of cell reselection, occasionally bad receiving conditions, etc. In this case the video decoder shall detect that the video stream is incorrect and shall invoke appropriate actions. Actions to be considered and discussed in the following address 

Possible Requirements and Discussion:

To address the issues of erroneous video streams, a list of possible requirements is present in the following. Again, this list only serves as a potential guideline, but definitely needs further considerations.
· In case of the reception of an incomplete video stream with missing packets a decoder application shall not crash. 
· In case of errors, a decoder shall/should parse the corrupted stream, should recognize without any assistance when the stream will be correct again, and should continue error free decoding as early as possible and at latest from the earliest IDR frame just after the disappearance of errors. 
Besides this one should think about further requirements about the behaviour of a decoder during the time interval from the appearance of the first error to the moment of recovery. It's very annoying for the user to perceive horrible artefacts like e. g. deformed faces garnished with coloured blocks. A minimum requirement could be to display the last correctly decoded frame and show this still picture until recovery. For short disturbances, error concealment may be employed as well but when is concealment better than showing freezed pictures? Furthermore, since error concealment is not prescribed, how can one define minimum requirements for concealment to achieve some kind of minimum subjective quality? Moreover, what is minimum subjective quality in this case?
3.5 Requirements in case of regular losses
Rationales

In 3.4 the case for the loss of a single source block has been considered. However, due to its position in the serving area a decoder might experience regular losses of source blocks like every 30 seconds. Although a decoder performs the actions as requested in 3.4, it can still be very annoying for the viewer if for example a frozen picture occurs every 20 seconds and stays for a few seconds. It might be of advantage from a service perspective to pause the display of video and restart playback not before the receiver is pretty sure that continuous playback can be guaranteed.
Possible Requirements and Discussion:

· In case that source blocks are lost with some probability X or higher, the decoder shall/should/might pause displaying video until it is experiences again better channel conditions. In this case it might be better to freeze the last correctly decoded frame before the beginning of disturbances. It has therefore to be defined, when this picture shall be freezed, when IDR frames shall be displayed, and when correctly decoded subsequent frames shall be displayed. When shall which specific action shall take place?
· In case that better channel conditions are not experienced for some time Y seconds, the decoder shall/should/might assume that the service is interrupted and follow the procedures as discussed in 3.6.
It is not obvious when the service should pause. In contrast to p-t-p, the receiver/decoder has to take all these decisions by itself. The appropriate decoder actions have to be defined.
3.6 Requirements in case of service interruptions
Rationales

In some cases, the connection might be completely lost for a longer time (here we deal with longer interruptions than those appearing during cell changes). This may happen when the user drives through tunnels or when he walks through areas out of coverage of the MBMS service. In these cases the decoder might display the last correctly decoded picture and wait for recovery according to the actions defined in 3.5. However, if the recovery is no more possible, e.g. as a user might have left the MBMS service area, how long should the decoder wait. The viewer should be made aware that the service is interrupted and that the frozen picture is neither the transmitted content nor some accidental user action, e.g. having pressed “pause”. 

Possible Requirements:

· In case that the service cannot be recovered according to the conditions requested in 3.5 within X seconds, the user shall/should/might be made aware that the MBMS session interrupted.

· In case that the service cannot be recovered according to the conditions requested in 3.5 within X+Y seconds, the session shall/should/might be terminated.
Appropriate actions and waiting times should be defined.
3.7 Other Issues to be considered
It might sometimes occur that a stream is corrupted according to packet losses but without being syntactically incorrect. This may happen when e.g. one or more entire frames or slices are lost. At least in case of some standards the decoder does not know whether these frames /slices have been intentionally dropped by the encoder or whether they have been lost during transmission. Even in case the decoder gets aware through the RTP protocol that something is missing, it remains uncertain what is missing (e. g. reference frame(s) or non-reference frame(s)). How shall a decoder behave in such a situation? Is the encoder allowed to drop frames for rate shaping?
The minimum requirements discussed in here are necessary to allow service provider to guarantee a certain QoS when distributing video over MBMS. These minimum requirements are also essential to appropriately encode the video. We believe that it might not be necessary to specify bit-exact encoders at this point, but at least recommendations should be provided what an encoder should consider if it distributes video to decoders fulfilling the minimum requirements. However, it should be discussed what drawbacks and advantages bit-exact encoders do have. 
4 Conclusions
We strongly believe that for the provision of a high-quality video service over 3GPP MBMS, requirements for the video decoder have to be specified beyond the specification of the video standard itself. We believe that the definition of minimum requirements for the decoder may be sufficient. We believe also that at this point it is necessary to at least specify recommendations for encoders which match the actions of the minimum required decoder. In our opinion it might be not necessary to have an bit-exact encoder specification, but the drawbacks and advantages should be considered. 
The following open issues have been identified and need to be resolved:
· Definition of minimum requirements for a video decoder within MBMS video services (but what does minimum mean?)

· Recommendations or specification for an appropriate encoder matching the actions of minimum requirement decoders

We believe that there are many open questions with respect to such requirements that a specific long work item needs to resolve these issues.
� In this document, example requirements are indicated with italics. We’d like to emphasize that especially text in italics do not necessarily reflect the opinion of the authors, but they are meant for discussion and might taken into consideration in the process of defining minimum requirements for MBMS decoders.





