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1.
Introduction

Depending on the FEC code chosen and the amount of redundant data sent in the multicast/broadcast channel, the repair service could be subject to a large number of requests. Whilst the load on the repair service may be manageable, it is important to minimise the volume of repair data due to the load placed on the radio networks.

This contribution considers one way that the repair service load can be reduced.
2.
Repair service load
As currently specified, the repair service request contains details of the source symbols that the user requires to receive to recover the file. There are two approaches that a terminal could take to determine this list.
1) Discard any repair data that has been received and specify the list of missing source symbols

2) Calculate a minimal set of source symbols that, together with the repair data that has been received, will allow the terminal to recover the file

The server may then determine whether to send these specific source symbols, or whether to send additional repair symbols.

In fact the objective should be that the minimal possible amount of data is sent to the terminal to allow it to recover the file.

Option (1) does not meet this objective.

We consider whether option (2) meets this objective for the FEC codes proposed.

2.1
Raptor codes

Raptor codes require only that a sufficient number of packets are received to decode the file, independent of whether they are source or repair packets. The receiver can easily determine the number, r, of additional packets required to be able to decode the file with some given failure probability (e.g. 10-6). A simple approach is then for the receiver to request the first r source symbols that it has not already received. An even simpler approach is for the receiver to simply request r new repair symbols.
In the unlikely event that decoding is still not possible, a second repair request could be sent. Since the number of users requesting repair is already a small percentage of the population, and the failure probability is so low, then this will almost never happen. When it does the impact is negligible.
Therefore the objective above is met.

2.1
Reed-Solomon codes

For 1D Reed-Solomon codes, the receiver can easily identify the RS blocks that cannot be decoded and can request sufficient number of source symbols from each block to allow decoding.

1D Reed-Solomon codes therefore meet the objective above.

For 2D Reed-Solomon codes, calculation of a minimal set of symbols is more complex: simple algorithms such as collecting source symbols until the code can be decoded do not necessarily determine a minimal set. One approach is to start with the set of unknown source symbols and then to work backwards, iterating between rows and columns removing symbols from this set which could be recovered using a column or row code respectively.
Therefore the object above can be met, but only if a complex ‘backwards decoding’ algorithm is followed to determine a minimum set of source symbols.

3
Conclusion

This contribution demonstrated that it is possible for the client to determine a minimum set of symbols that would allow it to recover the file, making use of the received repair symbols.

It is proposed to specify that it is mandatory for clients to take received repair symbols into account when determining the symbols which need to be requested from the repair server.

If this principle is agreed, it is proposed to draft a CR offline for consideration at this meeting. 
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