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1.
Introduction

Two-dimensional Reed-Solomon codes have been proposed for MBMS file download for large files. This contribution presents concerns/open issues with this proposal.

As previously discussed at SA4, mobile devices are often limited in the amount of fast, or ‘working’ memory, available. Data which will not fit in working memory whilst FEC decoding is taking place will need to be stored in slower memory (usually Flash memory) and retrieved when it is needed. In this contribution we look at the consequence for 2D Reed-Solomon codes.
Fro small files, 1D Reed-Solomon is more efficient. The size of file at which 2D Reed-Solomon becomes more efficient than 1D Reed-Solomon depends on the loss rates and the target percentage of users, but in general is several hundred kilobytes. For example, our simulations showed a cross-over point of 750 KB file using a 1D RS (167, 234) code compared to a 2D RS (48,40) x (46,38) code for 10% BLER and 99% target audience..

2.
Discussion
A two-dimensional Reed-Solomon code as proposed for MBMS is constructed by arranging the symbols to be protected into an approximately square two-dimensional grid and applying a one dimensional Reed-Solomon code to each row and to each column of this grid. Decoding iterates between rows as columns until all symbols have been recovered, until no more decodable rows or columns exist or until some pre-determined number of iterations have been completed.

During this process it is necessary to bring the row or column to be decoded into fast working memory. In fact the decoding process for each one-dimensional Reed-Solomon code is quite intensive in terms of the access needed to the source and parity data.

Since the order of decoding of rows and columns is unknown, the order in which rows and columns need to be brought into memory will vary with each block to be decoded. Once a row has been decoded there are two cases for the next decode that takes place:

(i) the next decode is of another row in the 2D code – in this case the decoded symbols from the previous row must be written to slow memory and the new row read from slow memory

(ii) the next decode is of a column in the 2D code – in this case the decoded symbols from the previous row must be written to slow memory and all but one symbol of the new column read from the slow memory (there will be one symbol of the new column already in fast memory).

Furthermore, the decoded data is only available when the decode process is entirely completed. If it is a media file, playout cannot begin until this time. In order to access the data, it must be read back (again) from slow memory.

Thus, in addition to writing the symbols to slow memory as they are received, every symbol must be read twice from slow memory and every decoded symbol must be written a second time.
This compares poorly with the scheme proposed in S4-050033 in which each symbol is read only once from slow memory, decoding can take place concurrently with playback and decoded symbols need to be written back only if the file is to be stored.

Speed of access to this slow memory is highly implementation dependent – the speed of flash memory varies greatly and the position of the memory in the system architecture has a significant effect on speed. Thus it is very difficult to make predictions of the speed of 2D RS codes which take this aspect into account.

Furthermore, depending on the type of flash memory employed, the speed of access may vary depending on the access pattern, with sequential access being faster than random access (as required by 2D Reed-Solomon codes).
3.
Conclusion and proposal
The above issue has not been addressed in the proposals for 2D Reed-Solomon codes presented to previous meetings, except to state that this back-and-forth memory access is needed.

We propose that the effect of this additional memory access on decode times needs to be addressed before the 2D Reed-Solomon proposal could be progressed any further.
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