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1.
Introduction

At SA4#31 there was questioned whether or not FEC for MBMS streaming services will be needed. In this contribution some aspects of FEC for streaming will be discussed.
2.
FEC for MBMS streaming services?
For MBMS streaming services it is assumed that a typical SDU FER according to varying transmission conditions would be typically about 1% (link loss scenario [1]). Besides, additional loss of data may occur during cell re-selection. Such an interruption may vary between 0 and 11s depending on whether or not a Routing Area Update (RAU) / Location Area Update (LAU) procedure takes place during cell change, whether or not an assisted cell change is performed, and whether a PTM service is kept at the cell change or the service will change between PTM and PTP.
On the other hand, a requirement for MBMS streaming is to keep the delay induced by an FEC below 5s. Accordingly, it is not possible to recover lost data during long cell change interruptions. However, when methods to reduce the cell change interruption are applied, e.g. "Assisted Cell Change" [2], a seamless cell re-selection becomes feasible. Note, that the overhead can be reduced when a longer delay for the streaming service would be accepted.
Let us now analyse a link loss of 1% in more detail. Assume we have a 64 kbps streaming application consisting of video, audio, some vector graphics and streamed text. Let the average IP packet length be 500 bytes, i.e. we have 16 packets per second. 1% loss means, there is on an average a loss every 6.25s.

For audio the loss of a packet may lead to a drop out, which perhaps can easily be concealed. But for video, there is on an average every 6.25s a data loss which leads to severe errors over a big part of one picture. Taking as an example: 64 kbps and 15 fps means on an average 4267 bits per picture. Hence, the loss of one 500 byte packet leads often to the loss of a whole picture, sometimes even more depending on the number of bits per picture. It's obvious, that one cannot conceal a whole picture. Unfortunately, when a picture in a video stream is missing, the temporal prediction is totally wrong. As a consequence, horrible artifacts are propagating over the scene until the next intra coded frame. This means, every 6.25 s awful disturbances of an average duration of 1s or more. 
It is expected that for streaming vector graphics the situation is also critical when data is lost, and missing text every 6s will be also not very funny. As a conclusion, streaming services with 1% SDU FER are not tolerable and need at least a weak FEC to reduce the post recovery link loss probability significantly below 0.1%.
3.
Systematic or non-systematic FEC codes?
Although non-systematic FEC codes allow a higher flexibility, there is a strong need to employ systematic codes. These codes leave the original data unchanged, it is therefore possible to process the received data by a UE, which has not implemented an FEC decoder. Missing data could in some cases be provided by a fast retransmission service. 
But much more important is the fact, that long interruptions and/or a temporal higher SDU FER may disable the FEC decoding in case of non-systematic codes. In this case, the received non-systematic encoding symbols are useless while for systematic codes, the received source symbols can still be processed and it can be tried to conceal missing content.
4.
Error resilience tools for video encoding?
Video encoding can be done in such a way, that error concealment is alleviated in case of lost data. In particular the H.264 standard supports a number of such error resilience tools (e.g. FMO). But error resilient coding can also be performed for the older standards H.263 and MPEG-4 (e.g. frequent intra coding to avoid long error propagation). Unfortunately, in most cases the compression is less efficient and, accordingly, the quality decreases. It has still to be evaluated what is better: an "optimal" (as good as possible) encoding followed by an FEC for error protection (Shannon's separation principle) or a suboptimal encoding which eases concealment in case of errors.
5.
Conclusion
This document highlights impairments and problems for MBMS streaming services in case of packet loss. An SDU FER of about 1% cannot be tolerated because of low QoS. The SDU FER should be reduced below 0.1% to reduce the frequency of disturbances below one per minute. Furthermore, FEC allows to bridge short interruptions during Assisted Cell Changes [2].
We propose to allow an optional systematic FEC for the SDU FER reduction, non-systematic FEC are not adequate for this. It has still to be evaluated what kind of FEC codes shall be used for MBMS streaming.
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