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1 Summary
Siemens submitted and presented document SP-050164 at SA#27 which, among others, included results for different FEC schemes. The document is resubmitted to PSM Adhoc under S4-AHP217. The results show some statistical outliers as well as some conceptual interesting issues which are discussed in the following. In addition, we include new results for the same parameters which resolve most of the issues. However, it is important that all results presented in SP-050164 are correct. Nevertheless, we propose to take into account the observed issues and exactly specify the simulation procedure in SA4 for the FEC code selection process to avoid any discussions on simulation inconsistencies at SA4#35 and SA#28. The presented results do not change our opinion with respect to the selection of FEC codes as stated in SP-050164. The excellent performance of Raptor codes is again verified.
2 Discussion and Comments on Results in SP-050164
2.1 Simulation Conditions in SP-050164

The simulation results for two-dimensional Reed-Solomon Codes and Raptor Codes for MBMS file download services over a 64 kbps UTRAN bearer with TTI = 80ms are shown. Also included are the results of an "ideal code", which indicates the information theoretical limit. The following file sizes, packet size, and PDU loss ratios have been used:
· File sizes: 100 kB, 500 kB, and 3 MB

· Packet size: 556 Bytes including 44 B for FLUTE protocol header

· PDU loss ratios: 1%, 5%, 10% random

· PDU size: 640 B

For the simulation a seamless mapping of the 556 Bytes SDUs onto the PDUs is assumed. Consequently, a loss of a single PDU very often causes loss of two SDUs and for few cases three consecutive SDUs are lost. 

Each simulation is repeated 1000 times corresponding to the download of one and the same file of 1000 users. For each user new user the SDU loss pattern starts at the end of the previous user. Therefore, the loss pattern for an individual user depends on the overhead.

The percentage of users which can successfully decode or, alternatively, the percentage of users which cannot successfully reconstruct the file can be plotted against the transmission overhead used. This is done for different types of error correcting codes. In the diagrams, the failure percentage has been used in order to allow showing more detail in the important part where the probability of decoding failure is very low. In general two diagrams are presented, one showing failure range from 0% to 100%, one showing failure range from 0% to 2%.
2.2 Discussion on Effects
The results for the 100 KByte file for 1% PDU loss rate and 10% reveals all issues with respect to conceptual issues and simulation accuracy. Figure 1 shows the results for this case. 
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Figure 1 Probability of unsuccessful decoding over transmission overhead for 100 kByte file and 1% as well as 10% RLC-PDU loss rates.
The first effect is statistical: Due to the different starting points in the error traces for different overheads it might occur that despite increased overhead the probability of unsuccessful decoding is even increasing (see Figure 1 right-hand side). This is a pure statistical effect and could partly be resolved by increasing the number of users considered. However, we propose to use one and the same starting position in the PDU error patterns (could also be the seed of a specified random generator) for each overhead. Therefore, these statistical effects are excluded from the presentation and the comparison, but they are not necessarily excluded from the results.
The second effect results from the mapping of SDUs to PDUs as well the presentation style of the results. By looking at Figure 1 left-hand side, it might be concluded that the RS code with sequential transmission performs better than the ideal code. However, this conclusion is not appropriate, as it is important that only the individual dots are real simulation points, but not the connecting lines. For none of the points the RS codes outperform the ideal code. Nevertheless, we were interested why there is this strange behavior for the ideal code as well as the Raptor codes such that some intermediate overhead points seem not to work properly. Recall that in very many cases the loss of an RLC-PDU results in the loss of two consecutive RLC-SDUs. Therefore, it is likely that if an even number of overall packets is not able to correct the file, adding one additional overhead symbol does not help either. Therefore, in general an odd number of overall encoding symbols might perform worse than even numbers. For the 100 kByte and low loss rate this is very obvious as the number of packets is 200 and 0.5% overhead is equivalent to adding 1 packet, 1% means 2 overhead packets, etc. For the 2D-RS codes (here, for the 100 kByte case, the 2D code is constructed from 2 one-dimensional RS-codes with K=100 encoding symbols each), overhead packets can only be added as pairs, i.e. only 0%, 1%, 2%, etc. overhead configurations are feasible. 
Such presentation ambiguities can be avoided by applying one of the following rules:
· Use the same overhead numbers for all codes, whereby the largest overhead granularity of any of the codes determines the presentation, or
· Use a representation which actually only shows the guaranteed performance, e.g. by using a staircase representation.
Both options are shown in Figure 2, the left-hand side shows reduced number of points, the right-hand side shows the staircase presentation. The presentation on the right-hand side is very accurate, but it seems more confusing. The one on the left-hand side is less accurate, but might be sufficient. No final conclusions could be drawn, but there should be an agreement on one or the other presentation style. For the results presented in the remainder of the paper we stick with the original one as we think that the experts in SA4 do have sufficient insight in the correct interpretation of the results.

[image: image3.emf]100 kB file, 1% PDU loss ratio

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 2% 4% 6% 8% 10% 12% 14%

Transmission Overhead

Probability of unsuccessful decoding

RS, sequential transm.

RS, random transm.

Raptor

Ideal FEC

[image: image4.emf]100 kB file, 1% PDU loss ratio

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 2% 4% 6% 8% 10% 12% 14%

Transmission Overhead

Probability of unsuccessful decoding

RS, sequential transm.

RS, random transm.

Raptor

Ideal FEC


Figure 2 Probability of unsuccessful decoding over transmission overhead for 100 kByte file and 1% 10% RLC-PDU loss rates – different representation options.
3 Updated Results

3.1 Simulation Conditions

Identical simulation conditions as in SP-050164 have been used except for
· The number of users for the small file of 100 kByte has been increased from 1000 to 10000.

· For each overhead, each user did start at the same position in a predefined error pattern for a certain PDU error rate.

3.2 Results for Small-Size Files
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3.3 Results for Medium-Size File
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3.4 Results for Large-File Sizes
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[image: image12.emf]3 MB file, 5% PDU loss ratio
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[image: image13.emf]3 MB file, 10% PDU loss ratio
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