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1.
Introduction

This contribution provides FEC simulation results for file delivery over GERAN for Raptor and Reed-Solomon codes.

2.
Simulation assumptions

See AHP-252.

3.
Summary results
FEC Overhead required for 99% probability of recovery at specific GERAN operation points

	Operation Points
	File size
	Ideal

(%)
	Raptor

(%)
	RS

(%)

	Low Bitrate (CS3)

0.1% BLER

28.8 kbit/s
	Small (50KB)
	4.7
	5.3
	4.7

	
	Medium (512KB)
	2.4
	2.7
	4.2

	
	Large (3072KB)
	1.8
	2.1
	4.2

	Medium Bitrate (MCS-6)

0.5% BLER

59.2 kbit/s
	Small (50KB)
	9.4
	9.7
	9.4

	
	Medium (512KB)
	5.6
	5.9
	8.2

	
	Large (3072KB)
	4.6
	4.7
	6.2

	High Bitrate (MCS-9)

1% BLER

118.4 kbit/s
	Small (50KB)
	16.0
	16.0
	16.0

	
	Medium (512KB)
	10.6
	10.8
	15.2

	
	Large (3072KB)
	9.2
	9.3
	11.1

	High Bitrate and High Error Rate (MCS-6)

10% BLER, 146 byte packet payload

118.4 kbit/s
	Small (50KB)
	60
	60
	60

	
	Medium (512KB)
	51.5
	51.5
	73.0

	
	Large (3072KB)
	45.8
	52.0
	74.0


* 440 byte payloads, according to Raptor specification recommendations.
3.
Detailed results

Complete results are provided in the attached Excel file. Graphical results are presented in Annex A.
4.
Conclusion

From these results the following points are clear:

· For small file sizes at low loss rates, there is no significant difference between the performance of Raptor and Reed-Solomon codes

· For medium file sizes, Reed-Solomon codes require an additional 1.5-4.4% bandwidth compared to Raptor codes (as a percentage of the file size) for CS3, MCS-6 (with repetitions) and MCS-9. For MCS-6 without repetitions, Reed-Solomon requires over 20% more bandwidth. As a percentage of the FEC overhead required, the additional overhead required by Reed-Solomon is 39-56%.

· For large file sizes, Reed-Solomon codes require an additional 7.5% bandwidth compared to Raptor codes (as a percentage of the file size) for CS3, MCS-6 (with repetitions) and MCS-9. For MCS-6 without repetitions, Reed-Solomon requires over 20% more bandwidth than Raptor. As a percentage of the FEC overhead required, the additional overhead required by Reed-Solomon is 19-100%.

· By contrast, Raptor codes perform close to the Ideal code in all cases.

A further important point is the comparison which can be made between two ways of using the MCS-6 channel: with and without repetitions. According to the information supplied by GERAN, the same channel can be used in two ways:
· MCS-6 with repetitions: 59.2kbit/s data rate, 0.5% Block Error Rate

· MCS-6 without repetitions: 118.4kbit/s data rate, 10% Block Error Rate

It is important to remember that this is the same channel i.e. using exactly the same resources. We can compare the time taken to delivery the files over these two channels. The time taken is calculated as:


Delivery Time = (File size) * (1 + FEC overhead) * (1+ IP packet overhead) * 8 / (bitrate)

The IP packet overhead includes SNDCP, LLC, IPv4, UDP and FLUTE headers. This totals 54 bytes. For the 456 byte packet payload, the IP header overhead is 11.8%, for the 146 byte packet payload, the IP header overhead is 36.9%.
Based on this formula and the figures for Raptor codes above, the delivery time for the 3MB file is 498s using repetitions and 443s without – a saving of 11% in the delivery time. 

For the 512KB file, the delivery times at 84s with repetitions and 74s without – a saving of 12%.

Note that: 

(i) the savings figure will be significantly higher if Robust Header Compression were used – assuming header compressions removes an average of 20 of the 28 IP/UDP header bytes and modifying the overheads in the formula below gives a saving of over 20%. 
(ii) operation without repetitions is completely impractical with Reed-Solomon

Annex A – detailed results

A.1
3072KB file
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146 byte payloads
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A.2
512KB file
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146 byte payloads
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A.3
50KB file
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