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1. Introduction

The present contribution describes simulations of the Raptor code for the MBMS file download service.  These simulations are based on the Raptor Forward Error Correction code described in [1].  Many comparisons have already been provided in [4] and [5].  The simulations provided here provide additional comparisons of the performance of Raptor to that of Reed-Solomon (and to that of an ideal FEC code).  This document assumes the definitions and methodology presented in [2].

2. Simulation 

The SDU packet payload size in simulations is 512 bytes, and thus the total length of an SDU encoding packet, including the IP/UDP/FLUTE headers is 556 bytes.  A 3 MB file is downloaded, which is 6,144 SDUs in length.  The PDU size is set to 1280 bytes and the bearer rate is 128 Kbps. In this case the time to send the 3 MB file when there is no loss is just over 3 minutes.

The FEC codes considered are an Idealized FEC code (used as a baseline for comparison), the Raptor code described in [1] using a 2% reception overhead (the decoding failure probability is so small at this value that assuming it is zero makes no difference in these simulations), and three different versions of a Reed-Solomon code.  The Reed-Solomon code RS(K,N) partitions the file into source blocks of K packets each and generates N total encoding packets for each such source block and then sends all the encoding packets for all the source blocks in random order.  RS(32,64), RS(64,128) and RS(127, 255) are used in the simulations.  These parameter settings were used to ensure that if in the original MBMS session too many of the UEs did not receive the file then it is possible to schedule a repair MBMS session to deliver additional encoding packets for the file.

Each of the charts in Figure 1 has a fixed normalized transmission overhead (where 0% transmission overhead is the amount of transmission needed to deliver the file if there is no packet loss), where the transmission overhead ranges from 10% to 100% in increments of 10%.  This determines the length of the original MBMS session for delivering the file.  The X-axis shows different PDU loss rates, and the Y-axis shows the corresponding number of UEs (out of 200 in these simulations) that still needed additional packets to completely receive the file at the end of the transmission.

These charts provide some idea of how the different codes compare at different PDU loss rates.  For example, at a 2% PDU loss rate, RS(32,64) and RS(64,128) are not powerful enough to deliver the file to a large enough fraction of the UEs with 10% transmission overhead, and thus most likely a repair MBMS session would be required.  For example, it is only at 30% overall transmission overhead that RS(32,64) is able to deliver the file to a large fraction of the UEs with a 2% PDU loss rate, thus requiring 20% more transmission overhead than Raptor.

As another example, consider the 10% PDU loss case, and assume that the UE cell density is high so that at most 1% of the UEs can effectively use the P2P repair server. Raptor successfully delivers the file with a 20% reception overhead in the original MBMS session, whereas RS(127,255), RS(64,128) and RS(32,64) use an additional 10%, 30% and 60% of transmission overhead to achieve this at 30%, 50% and 80% overall transmission overhead, respectively.

As described in other contributions (see e.g., [4] and [5]), Raptor has much smaller decoding complexity than any of the Reed-Solomon codes considered here. 
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Figure 1

3. Conclusions and Proposal

Raptor codes have the property that they will provide close to optimal performance and flexibility independent of the packet loss and UE availability conditions and types of service to be provided in the future with the MBMS file download service, and thus Raptor codes are a good choice for the MBMS file download service.

Thus, the proposal is to adopt Raptor codes described in [1] for MBMS file download.
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