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1 Introduction

The file repair procedure specified for MBMS download applications allows clients who did not completely receive a file in the download session, to request individual encoding symbols from an arbitrary file repair server using the file repair request message. To minimize the system load, the clients should request as few symbols as possible. In this document we discuss the problem in more detail, provide a solution for Raptor codes accompanied with a software update, present selected conceptual simulation results, and finally propose to adopt this feature to the relevant MBMS specifications.
2 Discussion
The file repair procedure as specified in TS.26346 V6.0.0, Section 9.3 allows clients who did not completely receive a file in the download session, to request individual encoding symbols from an arbitrary file repair server using the file repair request message as specified in section 9.3.6. Section 9.3.6 suggests requesting all missing source symbols in the repair session.
However, in general, fewer symbols than all missing source symbols are necessary to recover the file correctly by exploiting the redundancy received during the p-t-m session. Obviously, it would be advantageous for the overall system performance that individual terminals request as little as possible repair symbols to reduce the amount of repair traffic. Therefore, each receiver should only request as many symbols as necessary to recover the source block. With the reliably received repair symbols in the p-t-p repair and the already received symbols from the p-t-m session, recovery of the file should be possible.
If the BM-SC decides to use p-t-m repair instead of individual p-t-p repair, it is advantageous to continue sending repair symbols which have not yet been sent in previous p-t-m sessions.

Modifications to TS.26346 V6.0.0 have been attached to reflect the proposed changes. 
3 Solution for Raptor Codes
For Raptor codes, the determination of the minimum set of source symbols requires only few extensions to the decoding algorithm as presented in S4-AHP238. The modifications and extensions to determine a minimum set of ESIs to the Raptor specification text S4-AHP238 are attached to this document.
In addition, we have updated the Raptor code software as submitted in S4-AHP216 with the modifications proposed in this document. The updated software can be requested under the same conditions as specified in S4-AHP216. The updated Readme file is attached in the Annex of this document.
4 Selected Simulation Results

To verify the concept, some simulation results have been performed. For simplicity we avoid the extensive simulation conditions for FEC evaluation purposes and use a simplistic use case. 
The following parameters are assumed for the simulation:

· M=1000 users all experiencing statistically independent Raptor symbol losses with p=10% or 20%
· The source block size is K=2000.

· The overhead of the initial p-t-m transmission is varied from N=0, 10, …, 500.

For a certain overhead of N symbols, the average amount of requested and necessary repair symbols is evaluated. Two different cases are investigated. In the first case, all lost source symbols are retransmitted without taking into account correctly received repair symbols. In the second case, the received repair symbols are taken into account and only the minimum set of repair symbols is requested. As a further benchmark, it is assumed that an ideal repair code is used such that only as many symbols are requested as there are necessary to have an overall amount of K symbols. 
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Figure 1 Average amount of repair symbols over initial overhead symbols for K=2000 and p=10% on the left-hand side and p=20% on the right-hand side. 
It can be seen that the average amount of repair symbols is basically identically to the ideal repair and significantly outperforms the source symbol only repair. For reasonable loss rates and overhead, only a fraction of symbols are requested which limits the amount of repair symbols significantly. Note that the number of repair symbols requested obviously scales with the number of users.
5 Proposal

We propose to 

· specify a requirement that UEs shall request a minimum amount of repair symbols only,
· adopt the proposed changes to TS 26.346 V6.0.0,

· adopt the changes to the latest Raptor code specification text.
Annex – Updated Readme File

   ***********************************************************************************

   *********************************************************************************** *

   *  (C) May 2005, Siemens AG - Mobile Phones                                     * *

   *  Author:  Tiago Gasiba (Tiago.Gasiba.extern@mch.siemens.de),                    * * 
   *  Contact: Thomas Stockhammer (stockhammer@nomor.de)                             * *

   *********************************************************************************** *

   *                                                                                 * *

   *   This program is released ONLY for MBMS FEC evaluation purpose within 3GPP TSG * *

   * SA4 and may NOT be used for any kind of commercial purposes, or integrated into * *

   * any kind of commercial product, in either its original form or any modified     * *

   * version.                                                                        * *

   *   The software is provided AS IT IS, and WITHOUT ANY WARRANTY OF ANY KIND.      * *

   *   Siemens AG cannot be held responsible for any losses resulting directly or    * *

   * indirectly from the use or abuse of the software and/or files, programs,        * *

   * provided in the package.                                                        * *

   *                                                                                 * *

   *   You MUST agree to this Copyright if you wish to use this software.            * *

   *                                                                                 **

   ***********************************************************************************

ENCODER

-------

        Mandatory parameters:

          -i <fname>  :  input file name

          -o <fname>  :  output file name

          -n <number> :  number of repair symbols

          -K <number> :  number os systematic symbols

          -T <number> :  symbol size in bytes

Constraints:

- The input file size must be exactly K*T

- The number of sub-blocks is always N=1

Output File Format:

- A sequence of encoding symbols of length T whereby each symbols is preceeded 

  by a 2 byte field which contains the ESI.

DECODER

-------

        Mandatory parameters:

          -i <fname>  :  input file name

          -o <fname>  :  output file name

          -K <number> :  number of systematic symbols

          -T <number> :  symbol size

Optional parameters:
          -r <fname>  :  ascii output file with minimum set of repair ESIs
Input File Format:

- same as output file of encoder except that some encoding symbols might be missing 

LOSS GENERATOR

--------------

        Mandatory parameters:

          -i <fname>    :  input file name

          -o <fname>    :  output file name

          -K <number>   :  number of systematic symbols

          -T <number>   :  symbol size

        Mutually exclusive mandatory parameters:

          -R            :  random loss

            -n <number> :  number of lost symbols (if -R)

          -L <fname>    :  loss pattern in 'fname'

        Optional parameters:

           -X <number>:   random generator seed

Input File Format:

· same as output file of encoder

Output File Format:

· same as input file to loss program, except that some encoding symbols might be missing

Example of usage on Linux:

-------------------------
  Generate random input file

      dd if=/dev/urandom of=data.in bs=10k count=1

  Encode input file

      ./encode -idata.in -odata.out -K320 -T32 -n10

  Drop some encoding symbols

      ./loss -idata.out -odata.loss -K320 -T32 -R -n8

  Decode data with loss pattern

      ./decode -idata.loss -odata.dec -K320 -T32

  Compare the original file with the decoded file  

      cmp data.in data.dec

Loss Pattern File:

-----------------

  The loss pattern file used with the LOSS GENERATOR, is a binary file,

divided into bytes which have either the value 0h or 1h. The encoding symbol

corresponding to a given byte is dropped (erased) if the byte has a value of

1h, otherwise it is passed through.

� Contact: Jürgen Pandel (� HYPERLINK "mailto:juergen.pandel@siemens.com" ��juergen.pandel@siemens.com�) and Thomas Stockhammer (stockhammer@nomor.de).





