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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 latest results provided after the Paris AHG meeting (S4-AHI379).
During the test protocols, we noticed a great variability of the results (10%-20%).  For these reasons, the work that has been done by Huawei, the only independent company which has compared the different FECs, has a significant importance in this evaluation.

3 Device Based Streaming Performance
Speed

First, it is important to recognize that the level of performance of RS+LDPC and RaptorQ are very high in most cases, higher than Supercharged. 
More importantly, the decoding speed of both technologies exceeds 100mbps, which is far above the video streaming bandwidth and leave a video decoder spending most of its time waiting for new packets and displaying the video: the battery impact of the FEC decoding is extremely low in comparison to the impact of the chipset, the video decoder or the display of the device.
Latency

However, one very important metric for all video decoding process is the latency induced by the FEC. In this domain, RS+LDPC provides better results than all its proponents:
	Latency (ms)

	
	6330
	Super-charged
	RS+LDPC

	LS21
	3,3
	6,6
	3,3

	LS49
	7,5
	18,7
	11,5

	LS24
	16,8
	43,8
	12,8

	LS33
	5,7
	16,3
	5,1

	LS50
	11,4
	36,9
	12,9

	LS36
	23,8
	76,6
	16,5

	LS45
	4,6
	12,1
	5,6

	LS51
	9,1
	26,1
	17,8

	LS48
	18,9
	56,1
	16,6

	SUMMARY:
	
	
	

	Min
	3,3
	6,6
	3,3

	Max
	23,8
	76,6
	17,8


Intuitively, this can be understood as: “it is better to decode large media segments faster than it is for small media segments”.

For video latency, RS+LDPC excels over its competitors.

Memory

The memory consumed by the different proponents is shown below.
	Memory (MB)

	
	6330
	Supercharged
	RS+LDPC

	LS21
	0,6
	0,6
	0,7

	LS49
	0,8
	1,0
	0,9

	LS24
	1,2
	1,6
	1,8

	LS33
	0,7
	0,7
	0,7

	LS50
	1,0
	1,1
	1,6

	LS36
	1,5
	1,8
	1,3

	LS45
	0,7
	0,7
	1,5

	LS51
	0,9
	1,0
	1,6

	LS48
	1,3
	1,6
	1,8

	SUMMARY:
	
	
	

	Min
	0,6
	0,6
	0,7

	Max 
	1,5
	1,8
	1,8


During the process, it has been shown that the memory consumed is highly dependent on other parts of the eMBMS stack and not only the FEC decoding; for example, the FLUTE library.
In any case, we see that for the memory RaptorQ is slightly better than the other candidates without any significant differences: max difference is 0,3MB. Independent evaluation by Huawei, shows even smaller difference between the candidates (0,030MB). We therefore consider memory consumption for the streaming cases as negligible.

Conclusion

The strong point of RS+LDPC for streaming use cases, is that it creates the smallest video playback latency, which is a critical feature for live streaming use cases. 

We consider therefore RS+LDPC more suited to live streaming than the other proponents.

4 Device Based Download Performances
For the download use cases, we have noticed major difference between the results provided by the different companies. Indeed, these tests run for several hours and they are therefore prone to external conditions, such as the test environments.

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 see the following results:

	
	6330
	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


It is clear that the decoding process is very much in favour of RS+LDPC, which here again show the performance of its decoding speed.
Latency

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

Memory

	Memory

	
	6330
	supercharged
	RS+LDPC

	LD60
	10
	221
	87

	LD108
	3
	10
	5

	LD109
	9
	207
	38

	LD110
	10
	239
	77

	LD118
	3
	9
	6

	LD119
	9
	195
	47

	LD118_108
	3
	
	

	LD119_109
	9
	
	

	LD60_110
	
	
	

	SUMMARY:
	
	
	

	Min
	3
	9
	5

	Max 
	10
	239
	87


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. 
In particular, Expway’s FLUTE implementation supports a wide variety of use cases that are mandatory in an industrial implementation and which consumes a certain amount of memory. 
Moreover, it should be emphasized that the download use cases are dealing with file size of several GBytes, in comparison to which the decoding memory is minimal.
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 Maturity & Compatibility 
RS and LDPC are widely deployed FEC codes contrarily to all other proponents.
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 (note that Irregular Repeat Accumulate, IRA, codes are part of the DVB-S2, i.e. code with the same staircase structure as our LDPC-Staircase codes). Similarly LDPC is being used by the chinese Mobile Broadcast standard, CMMB. 
In many of the above cases, LDPC is used on error channels. Adapting a sofware LDPC codec designed for the error channel to work for the erasure channel (as in LDPC-Staircase) is easy (e.g. this is what has been done in http://openfec.org).
LDPC-Staircase codes [RFC5170] have also been adopted by the new ISDB-Tmm standard and they enable the first commercial services launched on NTT Docomo phones (NOT-TV) massively relying download services on a mobile broadcast layer.

The joint use of RS and LDPC are 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.
Today, ISDBT-mm compatible smartphones and tablets supports the RS+LDPC proposal: about a dozen of android smartphones and tablets from tier one device makers such as NEC, Samsung, Huawei, LG embeds the RS+LDPC technology in Japan.
Beside its good performances, we also recommend to integrate RS+LDPC into 3GPP release 11 for maturity and market compatibility reasons.
6 Interoperability

Several open implementations are available for both RS and LDPC. 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.
One key aspect to consider for the FEC selection, is its demonstrated interoperability. RS+LDPC is being deployed for such a long time, by different device and software vendors, the interoperability of the solution is much secure. 
Both RS and LDPC technologies are available to anyone who wants to perform interoperability testing, or even use open source software to test against their own internal development.
For this key reason, we recommend to adopt RS+LDPC over other candidates.
7 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, open user communities, and more generally an open valorisation approach.
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. 
Openness is also the best strategy to favour competition that will allow differentiation based on the codec quality. For these reason, we believe that RS+LDPC is the most open solution proposed. 

8 Conclusion

RS+LDPC beats all other candidates as a whole: its strong points are definitively its decoding speed for download use cases, its latency for the streaming use cases and as its wide adoption in the industry.
The joint use of both RS and LDPC is close to optimal and both technologies are used in almost every telecommunication and broadcast standards. They are available for SA4 with a minimum impact on the specification. 
For all the above reasons, we consider RS+LDPC as the best choice for integration in release 11 of 3GPP.
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