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1 Preamble 

This Contribution has been done with the help of V. Roca (INRIA), J. Lacan (ISAE), J. Detchart (INRIA / ISAE)
2 Overview
This submission compares the performance of the different FEC schemes that have been proposed in the in the scope of the EMM-EFEC work Item namely RS+LDPC, RaptorQ and Supercharged.
It is based on the decision made at the Paris AHG meeting which has been decided to serve as the basis of the comparison between the codes
During the test protocols, we noticed a some variability of the results (10%-20%) most likely due to test platforms, making it difficult to compare the codes between them.  For these reasons, we decided to adopt the numbers generated by Huawei (contribution SA121345), the only independent evaluation company, has compared the different FECs, has a significant importance in this evaluation.

3 Device Based Streaming Performance
Latency

We believe that one important metrics for all video decoding process is the latency induced by the FEC.
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6330 Supercharged RS+LDPC

LS21 2,9 8,1 3,1
LS49 7,2 22,3 11,1
LS24 16,0 50,8 12,8
LS33 5,6 18,4 5,0
LS50 10,5 40,9 13,1
LS36 22,5 84,8 16,6
LS45 4,3 13,9 5,7
LS51 8,6 29,8 17,7
LS48 17,6 63,1 16,0
LS45_33 4,1 13,2 4,0
LS51_50 8,6 27,8 9,8
LS48_36 17,5 58,0 16,9
SUMMARY:

Min 2,9 8,1 3,1

Max 22,5 84,8 17,7
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Intuitively, this can be understood as: “it is better to decode fast large media segments than small media segments”.

In this domain, RS+LDPC provides better results than all the proponents.

Memory

The memory consumed by the different proponents is shown below. 
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The difference between the Min and Max for the three candidates is less than 60KB, we consider memory consumption differences for the streaming cases as negligible for the three candidates.
Conclusion

We consider RS+LDPC more suited to live streaming than the other proponents.
4 Device Based Download Performances
For the download use cases, we have noticed difference between the results provided by the evaluating companies and the proponents. Indeed, these tests run for several hours and they are therefore even more subject to external factors, such as the test environments: cable, temperature, etc..
Therefore we rely for this analysis on the results provided by the only independent company which has run all the tests on its own platform (“Huawei” - cf. contribution SA121345 for more information).
We used the reference configurations of supercharged, RS+LDPC and 6330 for download use cases agreed at the Paris AHG meeting.
We see the following results:

[image: image3.emf]6330 #1 supercharged RS+LDPC

LD60 108 55 105

LD108 182 60 242

LD109 104 19 254

LD110 107 21 192

LD118 178 66 168

LD119 106 103

LD118_108 205 125 258

LD119_109 119 81 364

LD60_110 92 78 145

SUMMARY:

Min 92           19                   103                

Max  205         125                 364                
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Decoding speed is in favour of RS+LDPC.
Latency

These use cases being essentially non-real-time, the latency is not a meaningful metric.

Memory

[image: image5.emf]6330 #1 supercharged RS+LDPC

LD60        9,6           195,7           85,5   

LD108        2,6               8,0             4,8   

LD109        8,9           175,0           37,0   

LD110        9,5           201,2           75,4   

LD118        2,6               8,3             6,3   

LD119        9,0           46,4   

LD118_108        2,7               9,3             5,3   

LD119_109        9,3           193,0           43,4   

LD60_110 9,9 222,9 86,3

SUMMARY:

Min 3                  8                      5                   

Max  10                223                  86                 

Memory (MB)


The above memory is not always directly consumed by the FEC code itself but also by every software layer around him such as the FLUTE library. 
For example, Expway’s FLUTE implementation supports a wide variety of use cases that are mandatory in an industrial implementation but which consumes memory. We also shown in a software updates following the Paris AHG that the memory consumed by the RS+LDPC proponent can be significantly reduced.
For the above reasons, the memory consumption differences must be mitigated. Still, we consider than RaptorQ has the advantage when it comes to memory consumption over other technologies.
Conclusion
We consider that RS+LDPC and RaptorQ have both key benefits for the download use cases: RS+LDPC for its decoding speed and RaptorQ for its memory consumption.
As a conclusion, we consider a draw between RaptorQ and RS+LDPC technologies on the Download use cases.
5 Encoding Overhead For Download Use Cases
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The overhead difference between the proponents is close around 0,18% difference in average for the LS use cases, and somehow negligible.
Source: S4-121461, S4-121462, S4-121463

6 Encoding Overhead For Streaming Use Cases
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The overhead difference between the proponents is close around 0,39% in average for the LD use cases, and somehow negligible.
Source: S4-121461, S4-121462, S4-121463

7 CP x analysis

Let’s take the case where Pf=1e-3, we have the following overhead (O(Pf=1e-3)/K).

Note: In CPx use cases, K=256 is a value not applicable for RS+LDPC as the use of the G value avoid to reach this kind of range. Therefore, these Cpx value are not applicable for RS+LDPC.

	O(Pf=(1e-3)/K

	Case
	K
	6330
	supercharged
	RS+LDPC

	CP1
	32
	3,1%
	0,0%
	0,0%

	CP2
	128
	0,8%
	0,0%
	0,0%

	CP3
	256
	0,4%
	0,4%
	N/A use of G

	CP4
	1024
	0,1%
	0,1%
	1,5%

	CP5
	8192
	0,0%
	0,0%
	0,5%

	CP6
	32
	3,1%
	0,0%
	0,0%

	CP7
	128
	0,8%
	0,0%
	0,0%

	CP8
	256
	0,4%
	0,4%
	N/A use of G

	CP9
	1024
	0,1%
	0,1%
	1,5%

	CP10
	8192
	0,0%
	0,0%
	0,5%

	CP11
	32
	0,0%
	0,0%
	0,0%

	CP12
	32
	3,1%
	0,0%
	0,0%

	CP13
	32
	3,1%
	0,0%
	0,0%

	CP14
	256
	0,4%
	0,4%
	N/A use of G

	CP15
	256
	0,4%
	0,4%
	N/A use of G

	CP16
	256
	0,4%
	0,4%
	N/A use of G

	CP17
	1024
	0,1%
	0,1%
	1,1%

	CP18
	1024
	0,1%
	0,1%
	1,1%

	CP19
	1024
	0,1%
	0,1%
	2,1%

	CP20
	8192
	0,0%
	0,0%
	0,1%

	CP21
	8192
	0,0%
	0,0%
	0,2%

	CP22
	8192
	0,0%
	0,0%
	1,6%
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Source: S4-121461, S4-121462, S4-121463

8 Maturity & Compatibility 
RS and LDPC are widely deployed FEC codes.
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.
ReedSolomon, LDPC-Staircase and Raptor codes have been adopted by the new ISDB-Tmm mobile broadcast standard (2012). RS+LDPC is deployed for the first commercial service relying on this standard, launched on NTT Docomo phones (NOT-TV) this year. 
Today, the ISDBT-mm standard and their compatible smartphones and tablets supports the RS+LDPC: about a dozen of android smartphones and tablets from tier one device makers such as NEC, Samsung, Huawei, LG embeds the RS+LDPC technology. 

The joint use of RS and LDPC is natively supported by the FLUTE protocol and therefore the “RS+LDPC” solution is fully standardized since several years:

· FLUTE standard has been standardized by IETF in October 2004,
· RS has been standardized by IETF in April 2009,
· LDPC has been standardized by IETF in June 2008.
In comparison, RaptorQ has been standardized in 2011 and have some known deployments. 
Supercharged has been very recently standardized and has no deployment to our knowledge.

We consider RS+LDPC as the more mature solution on the market.

9 Interoperability

Several open implementations are available for both RS and LDPC staircase. For example, one can find more information on the open source project: http://openfec.org. Those are not rapid research prototypes, but advanced codecs, already used in operational conditions. Also, an open source implementation exists which supports FLUTE, RS, LDPC and which can be found at http://planete-bcast.inrialpes.fr/rubrique.php3?id_rubrique=1. For an extended list, please review next section.
One key aspect to consider for the FEC selection, is its demonstrated interoperability. RS and LDPC staircase are being deployed in large scale commercial services for a long time, by different device and software vendors, the interoperability of the solution is much secured. 

Therefore both RS and LDPC FEC technologies are available to anyone who wants to perform interoperability testing (or even use open source software to test against their own internal development). RS+LDPC (i.e. the combined use of the codes integrated in a FLUTE) is also available.
Qualcomm has announced recently that they will initiate an interoperability work. Supercharged has no activity on the domain.

For this key reason, we recommend to adopt RS+LDPC over other candidates.
10 Openness

6330 codes have open specifications, like Reed-Solomon and LDPC-Staircase codes. There is no difference here.

However, openness is not limited to specifications. Openness includes the availability of open-source implementations and open user communities.
Reed-Solomon codes have a long history, are known to be patent free, and efficient open-source C codecs for the erasure channel are available since 1997. 

References: 

· L. Rizzo Reed-Solomon C codec,  http://info.iet.unipi.it/~luigi/vdm98/vdm980702.tgz
· http://openfec.org optimized Reed-Solomon codec, derived from that of L. Rizzo

but also (not compliant to RFC5510 but which are a good starting point for an implementation):

· parchive softwares all include a Reed-Solomon codec for the erasure channel, for instance:  http://sourceforge.net/projects/ekpar2/ or http://parchive.cvs.sourceforge.net/
· http://algo.epfl.ch/~didier/reed_solomon.html
· etc.

Efficient open-source LDPC-Staircase C/C++ codecs for the erasure channel have been made available since 2005 and their interest is growing.

References: 

· Inria-STMicroelectronics LDPC-Staircase C++ codec, http://planete-bcast.inrialpes.fr
· http://openfec.org optimized LDPC-Staircase C codec;

· R. Neal LDPC simulator, available at: http://www.cs.utoronto.ca/~radford/ftp/LDPC-2012-02-11/index.html. Although this is for the error channel, this library provides several data structures and associated functions to manipulate LDPC matrices, inverting them, converting from sparse to dense and vice-versa representations, etc. Extremely useful to build one’s own LDPC codec for the erasure channel.

This is a continuing effort of several academics and industrial companies, some of whom are co-author of the present document, with the goal to be useful to the community in large. 
For these reason, we believe that RS+LDPC is the most open solution proposed. 
Qualcomm has announced at this meeting that they will propose an open implementation of RaptorQ in the future. The content of this implementation and the supported feature set is not yet clear. 
Supercharged has no open source implementation.
For these above reasons, we believe that RS+LDPC is the most open solution available.

11 
Conclusion
For all the above reasons, we propose that RS+LDPC will be selected by SA4 for integration in release 11 of 3GPP.

- 8/10 -

