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Introduction
Recently, 3GPP SA 4 has started work on Enhanced MBMS Operation (MI-EMO) [1]. This work is motivated by the service developments in 3GPP, such as the support of higher resolution video and the introduction of adaptive streaming over FLUTE. One of the objectives of this WID is to improve the performance of the download service in MBMS. This covers aspects such as enhanced protocol efficiency and better error performance through joint protection of multiple files simultaneously. 

In this contribution, we discuss the latter optimization on how to optimally enable object bundling for FEC protection in FLUTE.
Proposal
One use case that motivates for introducing object bundling in FEC protection is the delivery of DASH media segments over FLUTE. Media segments are typically of the same duration across different Representations. For ease of processing, media segments also typically carry media data of a single media type, e.g. Audio or Video. In such a setup, the resulting media segments are of different file sizes due to the difference in the bitrates. As an example, media segments of 5 seconds duration would result in a 30 Kbyte audio segments (encoded at 48 kbps) and 480 Kbyte video segments (encoded at 768kbps). FEC has a poorer performance when operating on smaller source blocks, thus the proposal to do object bundling to achieve better FEC protection for smaller files. 

A simple approach to perform joint protection of multiple files is to do file concatenation. This means that for building the FEC source blocks, the files are first concatenated to build a single file. FEC protection is then applied to the concatenated file. As a result, the smaller file will most likely be confined to one or a few source blocks. This will by consequence result in lower error reliability that might be inferior to the one achieved if no concatenation takes place. The object bundling using concatenation is depicted in the following figure.


Concatenation for Object Bundling

It is generally well known that time interleaving improves the performance of FEC protection as it among others helps combat long channel deterioration periods. Based on this observation, we believe that object bundling should be performed using interleaving. This approach is depicted in the following figure. 


Interleaving for Object Bundling
For perfect interleaving, the amount of data from each file in each source block should be proportional to the size of that file. The following table gives a proposal for a source block algorithm that works accordingly.
	




In this example, Fi represents the file size of file i, T represents the target source symbol size, Kti and Kt represent the number of source symbols for file i and in total respectively, IL and IS represent the number of source symbols in the long source blocks and in the short source blocks respectively, JL and JS represent the number of long source blocks and the number of short source blocks, and Ni,j represents the number of source blocks from file i to be put in source block j.

This operation may be performed without altering the behavior of the FEC decoder. However, in order to enable this interleaving appropriate signaling is required. The client must be made aware that FEC bundling is taking place. This information needs to be signaled as part of the FEC OTI information that is typically signaled in the FDT or in an extension header. The signaling should indicate the following:
· FEC bundling is performed
· Transport Objects that are bundled for FEC protection
· Where to find the repair symbols

There are different ways to carry the resulting repair signals. The sender could send all repair symbols as part of a specific TO (for example the one with the lowest TOI), or it can split the repair symbols across all transport objects proportionally. Or alternatively, it could repeat the repair symbols in every TO. 
Conclusion and Proposal
We propose to use interleaving for object bundling for FEC protection in FLUTE. We also propose to define the FEC OTI extensions to signal the necessary information to enable FEC decoding.
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