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1.
Introduction

This contribution provides FEC simulation results for file delivery over UTRAN for Raptor and Reed-Solomon codes.
2.
Simulation assumptions
See AHP-247

3.
Summary results

FEC Overhead required for 99% probability of recovery at specific BLER points

64kbit/s
	Error rates
	Power required
(G=-3dB1)
	Power required
(G=-6dB2)
	File size
	Ideal
(%)
	Raptor
(%)
	RS
(%)

	Low (1% BLER)
	2.0%
	4.7%
	Small (50KB)
	7.0
	8.0
	7.0

	
	
	
	Medium (512KB)
	3.3
	3.6
	4.6

	
	
	
	Large (3072KB)
	2.4
	2.6
	4.4

	Medium (5% BLER)
	1.9%
	4.1%
	Small (50KB)
	21.8
	22
	21.8

	
	
	
	Medium (512KB)
	13.0
	13.4
	17.0

	
	
	
	Large (3072KB)
	11.0
	11.2
	13.4

	High (10% BLER)
	1.8%
	3.8%
	Small (50KB)
	39.0
	39.0
	39.0

	
	
	
	Medium (512KB)
	25.8
	26.0
	32.0

	
	
	
	Large (3072KB)
	22.6
	22.8
	30.3

	15% BLER
	n/a
	n/a
	Small (50KB)
	56.0
	56.0
	56.0

	
	
	
	Medium (512KB)
	40.5
	41.0
	50.0

	
	
	
	Large (3072KB)
	36.0
	37.0
	49.5

	20% BLER
	n/a
	n/a
	Small (50KB)
	76.0
	76.0
	76.0

	
	
	
	Medium (512KB)
	57.0
	57.0
	72.0

	
	
	
	Large (3072KB)
	52.0
	52.0
	73.5

	30% BLER
	n/a
	n/a
	Small (50KB)
	130.0
	130.0
	130.0

	
	
	
	Medium (512KB)
	100.0
	100.0
	128.0

	
	
	
	Large (3072KB)
	92.0
	92.0
	136.0


Notes:

1
This corresponds to ~90% of users assuming uniform distribution of users

2
This corresponds to ~99% of users assuming uniform distribution of users


FEC Overhead required for 99% probability of recovery at specific BLER points

128kbit/s and 256kbit/s
	Error rates
	Power required
(G=-3dB1)

128 kbit/s

256 kbit/s
	Power required
(G=-6dB2)

128 kbit/s

256 kbit/s
	File size
	Ideal
(%)
	Raptor
(%)
	RS
(%)

	Low (1% BLER)
	4.2%

7.9%
	9.1%

19.5%
	Small (50KB)
	7.5
	8.0
	7.5

	
	
	
	Medium (512KB)
	3.1
	3.4
	3.8

	
	
	
	Large (3072KB)
	2.1
	2.2
	4.2

	Medium (5% BLER)
	3.8%

7.1%
	7.9%

16.2%
	Small (50KB)
	20.0
	21.0
	20.0

	
	
	
	Medium (512KB)
	11.2
	11.4
	14.0

	
	
	
	Large (3072KB)
	8.8
	9.0
	10.7

	High (10% BLER)
	3.5%
6.8%
	7.4%

15.1%
	Small (50KB)
	35.0
	35.0
	35.0

	
	
	
	Medium (512KB)
	21.5
	21.5
	25.0

	
	
	
	Large (3072KB)
	17.8
	18.1
	22.8

	15% BLER
	n/a
	n/a
	Small (50KB)
	50.0
	50.0
	50.0

	
	
	
	Medium (512KB)
	32.0
	32.1
	38.5

	
	
	
	Large (3072KB)
	28.0
	28.1
	37.4

	20% BLER
	n/a
	n/a
	Small (50KB)
	66.0
	66.0
	66.0

	
	
	
	Medium (512KB)
	44.6
	45.0
	54.0

	
	
	
	Large (3072KB)
	38.0
	38.2
	54.0

	30% BLER
	n/a
	n/a
	Small (50KB)
	106.0
	106.0
	106.0

	
	
	
	Medium (512KB)
	72.0
	72.0
	89.0

	
	
	
	Large (3072KB)
	66.8
	67.0
	97.0


3.
Detailed results

Detailed results are provided in the attached Excel files and illustrated graphically 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 1-6% bandwidth (as a percentage of the file size) at BLER rates up to 10%. For higher BLER the figure is even higher. As a percentage of the FEC overhead required, the additional overhead required by Reed-Solomon is 22-28%.

· For large file sizes, Reed-Solomon codes require up to an additional 7.5% bandwidth (as a percentage of the file size) at BLER rates up to 10%. For higher BLER the figure is even higher. As a percentage of the FEC overhead required, the additional overhead required by Reed-Solomon is 20-70%.

· Reed-Solomon codes waste significant amounts of bandwidth at BLER 10% and lower. At BLER greater than 10%, Reed-Solomon becomes unusable.
· By contrast, Raptor codes perform close to the Ideal code in all cases.

Results provided by RAN4 provide rather limited scope for analysis (at least at the time of writing). However, the following observations can be made:

· In all cases, the power required for 1% BLER at G=-3dB is far from sufficient to provide even 10% BLER at G=-6dB. Since G=-3dB represents only 85-90% of the users, then in order to reach higher numbers of users it is necessary to provide sufficient power and/or FEC to reach some users in the -3dB to -6dB region.
· For the 256kbit/s channel, to reduce the BLER at G=-6dB from 10% down to 1% requires a power increase of 28%. However, the saving in (Raptor) FEC overhead varies from 20% for the 50KB file to only 13% for the 3MB file meaning that overall, the resources used increases by 3-11%. In some cases this increase might be acceptable in return for the shortened delivery time. In other cases the more resource efficient approach may be preferable.
· For the 64kbit/s and 128kbit/s channels, to reduce the BLER at G=-6dB from 10% down to 1% requires a power increase of 23% and provides a saving in FEC overhead of between 13% and 22%. Except for the 50KB file, the overall resources used are again higher; i.e. additional power is a more efficient route for very small files, but otherwise it is again more resource efficient to operate at a higher BLER level.

It should be noted that these are limited observations based on point data. In practice it may be acceptable to ignore users at G=-6dB and focus only on those at (say) G=-5dB or better. However, one might expect similar results to those above, which demonstrate that the system is more efficient when the target BLER for the ‘worst case but in-service’ users is somewhat greater than 1%.
Annex A – Detailed results

A.1
64kbit/s channel

A.1.1
3072KB file

NOTES:

1) Plots stop at the highest overhead for which failures were observed i.e. at an overhead 0.5% greater than the last point shown, no failures were observed.
2) Various plots show the failure rate for 2D Reed Solomon increasing when the overhead is increased. This is a genuine feature of the code described in AHP-265 caused by the random puncturing scheme: at some points, a small increase in the overhead requires moving from a code with low puncturing to a larger code with high puncturing.
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A.1.2
512KB file
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A.1.3
50KB file

Note that in this case, the Raptor specification recommends a packet payload size of 440 bytes. This results in very slightly different packet header overhead and loss multiplication due to mapping to RLC PDUs. Therefore, as well as FEC overhead, we present results showing the total overhead (FEC + packet headers).
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A.2
128kbit/s and 256kbit/s channels

Since the RLC PDU size is the same for both channels, the results are identical and so are not repeated.
A.2.1
3072KB file
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A.2.2
512KB file
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A.2.3
50KB file
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