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1 Overview
This submission highlights the performance of RS+LDPC FEC scheme in the scope of the EMM-EFEC work Item.

This FEC scheme is a combination of two widely used FEC algorithms, namely Reed-Solomon (RS) and LDPC staircase. It is called “RS+LDPC”.
RS+LDPC has the following characteristics as shown in the contribution:

· RS+LDPC overhead is between 0% and 1% of the ideal code (Same blocking strategy),
· RS+LDPC throughput for streaming takes less than 1% of the media time,
· RS+LDPC throughput for download is the fastest on the market,
Beside the extremely good performance of the code, RS+LDPC have one key technical advantage over all other solutions:

· RS+LDPC is the only technology, which has proved its interoperability: it is available in open source from multiple sources, it is already deployed in multiple markets and several implementations are available in software and hardware.
LDPC-Staircase codes have also been adopted by the new ISDB-Tmm standard and they enable the first commercial services massively relying on mobile download services upon a broadcast layer.
2 FEC encoder

In this contribution, we refer to the IETF standard as defined in the following documents:

· The LDPC staircase specification is available at: http://tools.ietf.org/html/rfc5170
· The Reed-Solomon specification is available at: http://tools.ietf.org/html/rfc5510
3 FEC decoder

In this contribution, we refer to the IETF standard as defined in the following documents:
· The LDPC staircase specification is available at: http://tools.ietf.org/html/rfc5170
· The Reed-Solomon specification is available at: http://tools.ietf.org/html/rfc5510
4 Standardization Status
Both FEC algorithms have been standardized by IETF in 2008 and 2009. 

Reed-Solomon is standardized as RFC 5510 (http://tools.ietf.org/html/rfc5510). We propose to use Reed-Solomon codes over GF(2^8).

LDPC staircase is standardized as RFC 5170 (http://tools.ietf.org/html/rfc5170). In this contribution, we propose to use only LDPC staircase and not LDPC triangle.
5 Impact on TS26.346

The changes on the original specification are minor (few lines of text must be added in TS26.346). Actually, all Raptor, RS and LDPC have been already integrated into FLUTE by IETF and we propose to re-use the mechanism defined by IETF, as it is proven specifications.
Secondly, the integration of the FEC in the RTP framework is based on the same mechanism as the one used today for the Raptor RTP integration.

The integration of these FECs into the 3GPP environment is straightforward and follows standards defined by IETF. A draft text is attached to the submission.
6 Test Vectors

Expway commits to providing test vectors for the TR on application Layer FEC according to 3GPP procedure.
Moreover the openfc.org website is dedicated for LDPC conformance testing. On that website conducted by independent university, open source code are available, encoder/decoder are downloaded, email support is available…

7 FEC Code Performance for Test Cases
FEC Code Performance
We have enclosed all the results concerning the FEC algorithms proposed.

Global parameters for the evaluation
This proposition is based on the use of both LDPC and RS. 
In this contribution, for the encoding of a file, we use:
· LDPC staircase, if N > 256
· Reed Solomon otherwise
For LDPC staircase, N1 = 7 where N1 denotes the target number of "1s" per column in the left side of the parity check matrix. 

Implementation performance Decoding speed / Compexity

Results have been performed according to the procedure 
	Testcase
	Speed (MBit/s)
	Memory (MByte)
	% latency/segmentduration

	LS21
	113,55
	0,67
	0,3%

	LS49
	92,56
	0,87
	0,6%

	LS24
	194,60
	1,81
	0,3%

	LS33
	171,92
	0,66
	0,5%

	LS50
	142,42
	1,62
	0,6%

	LS36
	223,97
	1,27
	0,4%

	LS45
	117,06
	1,52
	0,6%

	LS51
	80,41
	1,61
	0,9%

	LS48
	178,90
	1,75
	0,4%


We can see that RS+LDPC performed extremely well. The decoding speed represents less than 1% of the total time. 
LD

	
	Decoding
	Network2SD

	
	AvSpeed
	MaxMem
	AvSpeed
	MaxMem

	LD60
	                        93,1 
	         86,8 
	      38,5 
	         44,1 

	LD108
	                      271,3 
	           5,0 
	    174,6 
	           1,0 

	LD109
	                      247,6 
	         37,8 
	      39,4 
	           4,1 

	LD110
	                      211,3 
	         77,0 
	      30,9 
	         43,8 

	LD118
	                      109,1 
	           6,4 
	    118,8 
	           1,0 

	LD119
	                        81,9 
	         47,4 
	      39,7 
	           4,1 


RS+LDPC performs extremely well, 

Same results have been performed with a low memory configuration of the decoder (made available to any company interested):
	
	Decoding
	NEtwork2SD

	
	AvSpeed
	MaxMem
	AvSpeed
	MaxMem

	LD60
	                        93,8 
	         31,1 
	    205,2 
	           5,1 

	LD108
	                      187,6 
	           4,9 
	    164,4 
	           1,0 

	LD109
	                      257,8 
	         14,2 
	    201,5 
	           1,7 

	LD110
	                      229,9 
	         25,8 
	    209,2 
	           5,0 

	LD118
	                      153,9 
	           6,4 
	    152,9 
	           1,0 

	LD119
	                      110,0 
	         19,4 
	    209,5 
	           1,7 

	LD60_110
	                      278,6 
	         28,9 
	    175,7 
	           5,1 

	LD118_108
	                      274,4 
	           5,4 
	    135,6 
	           1,0 

	LD119_109
	                      358,5 
	         16,0 
	    178,2 
	           1,7 


Memory Consumption

We can see in the result that during the decoding phase RS+LDPC consumes 5.1MB during the decoding phase.

In LS60 cases, 5MB are consumed during the download and 30 MB during the decoding process (which lasts for 2mn30s).

If we measure the max memory at 30 MB but the average memory needed is (5 * 5h30  + 30 * 2mn30s)/(5h33mn30s) ≈ 5 MB.
Therefore the average memory consumption is 5MB.
Overhead
LSx

The following graph compares RS+LDPC Codes against the Ideal Code:

· X-axis: all the use cases

· Y- axis: 
· In blue, the comparison of RS+LDPC vs the Ideal Code i.e. 
RS+LDPC = (supportedMediabiterateLDPC+RS - supportedMediaBiterateideal)/ supportedMediaBiterateideal 
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As a result, we have:

· %RS+LDPC

average = 0,137%

 max = 0.99%
Conclusion: The RS+LDPC scheme performs extremely well. It is very close to Ideal Code.
USx
The following graph shows the differences in % between LDPC+RS and Ideal:

· X-axis: all the use cases

· Y-axis: 
· In red - %RS+LDPC: 

performanceideal - performanceLDPC+RS / performanceideal 
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As a result, we have:

· %RS+LDPC (High Value for G): 
average = 0% max = 0.3%

Conclusions: RS+LDPC and Raptor perform extremely well and are close to Ideal.
UDx
The following graph shows the differences in % between RS+LDPC and Ideal:

· X-axis: all the use cases

· Y- axis : 
· In blue - %Raptor : 

FEC_overheadraptor - FEC_overheadideal 

· In red - %LDPC+RS: 
FEC_overheadLDPC+RS - FEC_overheadideal.
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As a result, we have:

· %Raptor: 


average = 0.1% 
max = 1%

· %RS+LDPC: 
average = -0.2% 
max = 0%

Conclusions: RS+LDPC scheme performs extremely well and is close to Ideal Code.
LDx
The following graph shows the differences in % between LDPC+RS and Ideal (with the same bloc strategy):
· X-axis: all the use cases

· Y- axis : 
· In blue - %RS+LDPC: 
FEC_overheadLDPC+RS - FEC_overheadideal.
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As a result, we have:

· % ideal same blocking strategy : 

average = 0.089% max = 0.216%
· % Ideal (Z=1): 







average = 0.575% max = 2.655%

Conclusions: RS+LDPC scheme performs extremely well and is close to Ideal Code.
CPx
In the following graph, we have provided the overhead (N-K)/K.

In order to get practical information, we have excluded for RS+LDPC the case where K= 256. Actually, these cases will never occur in real life as we can use the G parameter.
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Conclusions: RS+LDPC can ensure a very good overhead in all the cases
Implementation-specific Performance Metrics

Reference platform and methodology

Library Footprint

The library footprint of the decoder (RS+LDPC) compiled for Android 2.3.4 is around 120KB.
8 Verification

In order to verify FEC code performance, openfec test environment is available. The sources, documentation, publication … are publicly available on the following web site: http://openfec.org/.
9  Additional Information

As we described in the introduction, the proposed solution has the merits of being both efficient and relying on widely known technologies. As a summary:
RS+LDPC are well known codes, providing close-to-optimal performances
The LDPC-Staircase codes rely on very simple and comprehensible principles: each parity symbol is simply the XOR sum of the previous parity symbol plus a very small number of source symbols. It guarantees that these codes can work very fast on contents of any given size, with linear encoding and decoding times.
Despite their high simplicity, LDPC Staircase codes guarantee protection against loss for large blocks equivalent to Raptor Codes. It is thus remarkable that the proposed FEC scheme is both extremely simple and highly protective.
By associating LDPC-Staircase to the Reed-Solomon ideal codes for the smaller contents, we obtain a generic and proven solution covering all 3GPP use cases.
         RS+LDPC are gaining popularity in both telecom and broadcast industries 
Reed Solomon is a well known and proven ideal FEC code, with a wide range of applications from error correction on CDs, to loss recovery in space data transmissions. One significant application of Reed–Solomon coding was to encode the digital pictures sent back by the Voyager space probe.
In 2008 and 2009, LDPC has been selected by DVB-T2 and DVB-S2 broadcast standard for improving their robustness, bringing them a step closer to the optimal code. Similarly LDPC is being used by the chinese Mobile Broadcast standard, CMMB. LDPC-Staircase codes [RFC5170] have also been adopted by the new ISDB-Tmm standard and they enable the first commercial services massively relying on mobile download services upon a broadcast layer.
         Open Implementations are available on the shelves for RS+LDPC
An open source C implementation of codecs for LDPC staircase and Reed Salomon is available on http://OpenFEC.org, with a performance test environment. 
They are open to anyone who wants to perform measurement, interoperability testing, or even support their own internal development.
Conclusion: The joint use of these two technologies is close to optimal. They are used in almost every telecommunication and broadcast standards and they are available for SA4 with a minimum impact on the specification. They are a safe platform for further open innovations and a simple solution to deploy today, fully validated by existing markets.
10 Appendix

This contribution has been made with the contribution of 
· Vincent Roca, INRIA, Grenoble, France, 

· Jonathan Detchart, INRIA, Grenoble, France

· Pr. Jérôme LACAN, ISAE, Toulouse, France

· Jonathan DETCHART, ISAE, Toulouse, France
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