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1 Introduction

In PSS and MBMS the QoE metric "Corruption Duration" is defined, and there is a need for a corresponding metric also for MTSI. However, MTSI typically uses a different way of coding video frames, with slices instead of complete frames. Thus the metric definition must be changed. This contribution describes the existing MBMS metric and some related issues, and proposes a MTSI variant which also can handle video which use slices instead of full frames.
2 Existing definition
The existing metric in MBMS (and PSS) is defined as follows:

Corruption duration, M, is the time period from the NPT time of the last good frame before the corruption, to the NPT time of the first subsequent good frame or the end of the reporting period (whichever is sooner). A corrupted frame may either be an entirely lost frame, or a media frame that has quality degradation and the decoded frame is not the same as in error-free decoding. A good frame is a "completely received" frame X that, either:
· it is a refresh frame (does not reference any previously decoded frames AND where none of the subsequently decoded frames reference any frames decoded prior to X); or
· does not reference any previously decoded frames; or
· references previously decoded "good frames".

"Completely received" means that all the bits are received and no bit error has occurred.

Corruption duration, M, in milliseconds can be calculated as below:

a) M can be derived by the client using the codec layer, in which case the codec layer signals the decoding of a good frame to the client. A good frame could also be derived by error tracking methods, but decoding quality evaluation methods shall not be used.
b) In the absence of information from the codec layer, M should be derived from the NPT time of the last frame before the corruption and N, where N is optionally signalled from MBMS streaming server (via SDP) to the MBMS client and represents the maximum duration between two subsequent refresh frames in milliseconds.
c) In the absence of information from the codec layer and if N is not signalled, then M defaults to ( (for video) or to one frame duration (for audio), or the end of the reporting period (whichever is sooner).
The optional parameter N as defined in point b is used with the "Corruption_Duration" parameter. Another optional parameter T is defined to indicate whether the client uses error tracking or not. The value of T shall be set by the client via reception reporting (sub-clause 9.5.3) as on or off. 
3 Issues with existing definition
3.1 Definition of "Good frame"
There are currently three bullets which define if a frame is a "good frame". However, the first bullet is basically the same as the second bullet ("does not reference any..."), but with a further restriction ("...subsequently..."). As there is an "or" condition between the bullets, the first bullet is actually not needed. 
The third bullet defines a frame as "good" if it references previous "good" frames. However, a frame which references both "good" and "not good" frames is formally considered as "good" according to the current wording. The wording should probably be changed to "only references previously...".

3.2 Interpretation of bullet b)

Bullet b) describes a method where the corruption duration is "derived from the NPT time of the last frame before the corruption and N". In [1] this is further described as: "The value of N must ensure that after decoding of any N-1 completely received frames in decoding order, the following completely received frame can be correctly decoded".

Thus the intention with the N parameter is to specify how many consecutive frames which must be correctly received to guarantee that the picture does not contain any error. While the current definition wording "derived from" is so loose that it can also cover this interpretation, it might also be wrongly interpreted; for instance that the corruption duration starts at the "last frame before the corruption", and have a corruption length of N.
3.3 Statistical equivalency

Another impact from the loose "derived from" wording is that it is not obvious how the NPT and N information shall be combined to get a metric which is statistically equal to the a) alternative, or even equivalent between different implementations of the b) alternative. 
For instance, one possible interpretation could be that the corruption duration ends after N consecutively correctly received frames. However, from a statistical point of view this will be wrong, and UE:s with this interpretation will, on the average, report too high values for this metric.
A reasonable assumption is that radio errors are uncorrelated with the sending pattern of the refresh frames. This means that after an error, the maximum time until the video is restored is N. However, the average time until a refresh frame is received is only N/2, since it is equally likely that the error ends right after a refresh frame as right before a refresh frame. Thus it should be enough to receive consecutively correct frames during the time N/2 before the video can be (statistically) considered as restored.
This should probably be clarified in the metric definition, so that the reporting from different vendors will be implemented in a way which is statistically equivalent to the a) alternative and also within the b) alternative.
3.4 Error tracking
The current definition states that a client shall report if "error tracking" has been used to calculate the corruption duration metric. From the formal wording of the a) alternative it is clear that "error tracking" is someting else than using info from the codec. This means that the T parameter should be set to "off" if "codec info" method in alternative a) is used.

However, the "codec info" and "error tracking" methods in alternative a) should both give the same results, and the intention with the T parameter (see e.g. [2]) is actually to indicate if the corruption duration metric is calculated by using alternative a) or alternative b). This should probably be clarified.
3.5  Interpretation of bullet c)

The definition in bullet c) states that "...if N is not signalled, then M defaults to..." which probably is a misspelling. This should be changed to "...then N defaults to...". For instance, if four consecutive speech frames are lost, the current wording implies that the corruption duration will be set to one frame duration, while the correct value should be four frame durations.
The bullet also specifies "...or the end of the reporting period..." which is not correct. This should probably be reformulated to something like "...or the time remaining to the end of the reporting period...".
4 Issues with an MTSI definition
4.1  Video slices instead of full frames

In MTSI it is likely that complete video frames are not transmitted in a single packet, since this will result in an uneven packet size distribution. Instead slices of macroblocks are used, where some macroblocks are intra-macroblocks (not referencing any other frame) while other are inter-macroblocks (referencing one or more other frames).

This means that some parts of a frame (the intra-macroblocks) can be "good", while other parts (some of the inter-macroblocks) can be "not good", since they refer to previously decoded "not good" frames (or "not good" parts of a frame). As complete refresh frames are seldom or never transmitted, it is not possible to define the restoration of the video as the reception of a certain kind of frame. The restoration is instead dependent on successive correct updates of all of the macroblocks within the video image.

As the content of a lost (or corrupted) frame cannot be known, the assumption for PSS/MBMS is that the complete video image is now damaged. This is generally not true, as some area of the image might still be correct, while other areas could be more or less damaged, depending on the image content. However, this assumption corresponds to the worst-case scenario.
Similarly, for MTSI, the loss of a frame has an unknown effect on the quality of the video, so using the same worst-case reasoning as in PSS/MBMS, the complete video image should potentially be considered as damaged. The question is when it can be considered as restored?

4.2 A complex method

One possible method is that the video decoder, after a corrupted frame, marks all of the macroblocks in the image as having "not good content", and then updates the status of each block accordingly when the macroblock is replaced with new "good content" or (in some cases) with new "not good content". If no new frame losses occur, then eventually all the macroblocks in the image will normally have "good content", and the video can then be considered as restored. This "error tracking" method would correspond to the a) alternative in the MBMS definition.
Note that the total number of good macroblocks in the media might not be monotonically increasing over time, since good macroblocks can also be replaced by not good macroblocks (due to e.g. motion compensation updates of previously good macroblocks from not good macroblocks). There is also no guarantee that the image ever will be totally restored, although such cases are probably rather rare in practice.

4.3 A less complex method

Another less complex method could instead just count the number of received intra-macroblocks (X), and when this number equals the number of macroblocks in the video image (Y), the video could be considered as restored. This would correspond to the statistical b) alternative in the MBMS definition (although some info from the decoder would still be necessary).
Note, however, that this simpler method will obviously not give the same result as the complex error-tracking method, and the results will also differ to some extent depending on the slice strategy in the coder. For instance, if the central or some point-of-interest part if the video image is updated more frequently than the rest of the image, the complete image will not have been updated with intra-macroblocks after that Y intra-macroblocks have been received. 
On the other hand, the most important part of the image will then have been updated, which could be considered to be good-enough to define the video as restored. Also in the PSS/MBMS case, the b) alternative is only an estimate with some statistical error, so this kind of statistical error could be acceptable also for MTSI.
4.4 An even simpler method

Another even simpler method which does not require information from the decoder is to add the parameter "N" to the MTSI QoE configuration. This operator-defined parameter specifies how long time, on average, it takes to restore the video after a corruption. Although different terminals could use different strategies for coding the video, this method would still be useful in a scenario where most of the terminals use a typical video codec.
Another option could also be that the two MTSI clients inform each other during the session setup about the "N" parameter, but this would add further complexity to the SDP and the session setup.
5 Proposed MTSI (and PSS/MBMS) definition

The proposed MTSI definition for the Corruption duration metric is shown below. It is actually written in a generic way, and could also be used for PSS and MBMS.
Corruption duration, M, is the time period from the "estimated start" of the corruption to the time when the media can be considered as fully restored. A corrupt frame may either be an entirely lost frame, or a media frame that has quality degradations and the decoded frame is not the same as in error-free decoding. The "estimated start" of the corruption is the expected playout time for the first corrupt frame.
The media can be considered as fully restored when the full scope of the media (for instance the complete video image) has been updated with "good content". "Good content" is content within a "completely received" frame that either:
· is "independent content", that is, does not reference any other content; or
· only references "independent content" in the same frame; or
· only references previously decoded "good content".

"Completely received" means that all the bits are received and no bit error has occurred.

Corruption duration, M, in milliseconds can be calculated as below:

a) M can be derived by error tracking methods in the codec layer. For instance, the codec layer can keep track of all media content updates since the last corrupted frame and, for each frame, signal the total percentage P of the media which currently contain "good content". When P reaches 100% the media is considered as fully restored.
b) If error tracking is not supported, M can be estimated by accumulating the amount of "independent content" updates. For instance, the codec layer can, for each frame, signal the percentage P of the media which is updated with "independent content" in that frame. When the accumulated P values since the last corrupted frame reach 100% or more the media is considered as statistically fully restored.
c) In the absence of information from the codec layer, the media is considered as fully restored after N milliseconds with consecutively "completely received" frames (for video), or after the first "completely received" frame (for other media). If the N parameter has not been configured, it shall default to the length of one measurement interval.
The optional configuration parameter N as defined in point c) can be set to define the characteristics of the video codec. The parameter T indicates how the metric has been calculated, and shall be set by the client via reception reporting (sub-clause 16.3.2) as "a", "b" or "c". 
If the calculated corruption duration M extends longer than to the end of the current measurement interval, only the portion which fits into the current measurement interval shall be reported. The remaining portion of the corruption duration M shall be reported as belonging to the next measurement interval.
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