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1 Introduction

MBMS [1] defines a FEC mechanism for protecting media streams against transmission errors and packet losses. The MBMS FEC code is a systematic block code that generates a set of repair data from original source data. The source data is partitioned into source blocks, which consist of a set of source symbols (packets). A source block is then fed into the FEC encoder to generate repair symbols. 
The FEC decoding operation is initiated at the UE to recover from packet losses that occur during the transmission. For that purpose, the UE buffers incoming packets of the current source block and the related repair data. FEC decoding may start whenever the transmission of the source block and the related repair data is done. However, this is not sufficient to guarantee interruption-free playout, since source blocks may differ in size (and duration of the media data). To resolve this issue, [1] defines the “min-buffer-time” parameter, which is used by the service provider to signal the minimal time to wait after reception of the first packet of a source block before FEC decoding is to be triggered. The service provider guarantees that no source block and its repair data will be larger than the signaled “min-buffer-time” value.

The MBMS FEC code achieves its best error correcting performance when used with large source blocks. A recommended minimal size of source blocks is 1024 symbols. This, however, results in higher delay when switching between MBMS channels. A mechanism to temper the delay problem is the stream bundling. In stream bundling media streams from multiple MBMS services are protected by the same FEC stream. This has an effect that the amount of data of a specific media stream in a source block is smaller, and, by consequence, the delay is reduced.
Stream bundling requires that the UE receives all services in the bundle, of which most likely only one service is being consumed. This poses an additional burden on the terminal, in terms of processing power and battery lifetime. Figure 1 shows the FEC encoding procedure where multiple IP flows, possibly from multiple MBMS services, are multiplexed together to build the source blocks for FEC encoding.
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Figure 1 MBMS FEC encoding
At the UE side, similar multiplexing of the incoming packets from all IP flows of the service bundle are multiplexed to build the received source block. Packet losses are detected based on the FEC payload information. FEC decoding is performed if enough repair data is available for successful recovery. Figure 2 depicts the FEC decoding procedure at the UE.
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Figure 2 FEC decoding at the UE
In [2], a requirement for 2 seconds switch time between MBMS user services is set as can be read from the following sentence. 
It shall be possible for an operator to configure the MBMS Television service so that the typical switching time, from the end user's perspective, does not exceed 2 seconds.

In the new work item on MBMS and PSS optimization [3], one of the objectives stated tackles this requirement. The focus is set on fast channel switching for FEC protected channels. 

In this contribution, a proposal to introduce interleaving to reduce channel switching time is made.
2 Interleaving for Fast Channel Switching
As described in section 8.3.1.8, the min-buffer-time parameter indicates the time that is necessary to guarantee interruption-free playout. The min-buffer-time is calculated as the time between the reception of the first packet of the current source block and the media decoding startup. It is however not clear from the text, which starting pointing for the media decoding should be used. Obviously, the starting point for media decoding should be the received source packet. Otherwise, if decoding starts from a later point, e.g. because the media packet cannot be decoded correctly, continuous playout cannot be guaranteed anymore. We propose to clarify this point in the specification.
Figure 3 shows an example of the incurred delay due to channel switch in the middle of a source block transmission, which is the typical case. An additional delay might result because of un-decodable media packets. Those may e.g. be the result of missing references. 
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Figure 3 FEC decoding delay
In order to increase the amount of media data available for correct med decoding given a random tune in time in the source block, we propose the introduction of an interleaving block to shuffle the media packets in a suitable manner. No additional interleaving delay is expected as the de-interleaving delay is fully covered by the min-buffer-time. The interleaving block is media aware and can differentiate between independent, reference, and non reference media units. In a mobile TV service, the audio data may be concentrated towards the end of the source block. This would enable successful and early playout of audio data, which would significantly enhance the user experience. Additionally, it is proposed that the video data is organized in a manner that enables decoding and display of an independent picture by placing it at the end of the source block. This would enable display of an initial picture and would avoid displaying a black screen. Reference media units may be organized in a reverse decoding order, which would increase the amount of decodable data.
Figure 4 shows an example of an interleaver. “A” stands for audio data, “IDR” stands for an independent access unit, “P” stands for a reference access unit, and “p” stands for a non-reference access unit.
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Figure 4 interleaver example
Compared to the non-interleaved stream version, the interleaved stream provides the receiver with higher media duration. The additional media duration reduces the overall channel switch delay and allows an intelligent player to enhance the user experience by doing some basic playout (e.g. display of a static picture and/or playing the audio stream). 
3 Conclusion

In this contribution, a proposal to make use of an application-layer interleaver for improved channel switch time in FEC protected MBMS services is given. The interleaver makes use of basic media knowledge to shuffle the media data. The decoder can perform intelligent playout and enhance the user experience.
We also propose to introduce support and guidelining for intelligent media codecs, e.g. the support of non-reference access units.
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