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1 Summary
<>
2 FEC encoder

<A full description of the normative FEC encoder specification in the level of detail as Annex B of TS26.346>

3 FEC decoder

<A description of a possible FEC decoder implementation that fulfils the performance figures as provided in the submission.>
4 Standardization Status

<The reference to a standard. If it is not a standard, other information shall be provided why the code is not yet standardized, what are the plans for standardization and when the completion of the standard is expected.>
5 Impact on TS26.346

<An overview on the potential impact on TS26.346 to integrate the new code including draft CRs to TS26.346. Draft CRs should be attached to the submission.>

6 Test Vectors

<The commitment and plans to provide test vectors for the TR on Application Layer FEC.>

7 FEC Code Performance for Test Cases
<The FEC code performance and implementation-specific metrics as documented in the SA4-agreed permanent document for this work item from SA4#68 in document S4-120496.>

Code Performance
Table 1 Code Performance Method 1

	Case
	P(O=0)
	P(O=1)
	P(O=2)
	P(O=3)
	P(O=4)
	P(O=5)
	P(O=6)
	P(O=7)
	P(O=8)
	P(O=9)

	CP1
	
	
	
	
	
	
	
	
	
	

	CP2
	
	
	
	
	
	
	
	
	
	

	CP3
	
	
	
	
	
	
	
	
	
	

	CP4
	
	
	
	
	
	
	
	
	
	

	CP5
	
	
	
	
	
	
	
	
	
	

	CP6
	
	
	
	
	
	
	
	
	
	

	CP7
	
	
	
	
	
	
	
	
	
	

	CP8
	
	
	
	
	
	
	
	
	
	

	CP9
	
	
	
	
	
	
	
	
	
	

	CP10
	
	
	
	
	
	
	
	
	
	


	Case
	P(O= ceil(0.01*K))
	P(O= ceil(0.02*K)))
	P(O= ceil(0.05*K))
	P(O= ceil(0.1*K))
	P(O= ceil(0.2*K))
	P(unde-codable)

	CP1
	
	
	
	
	
	

	CP2
	
	
	
	
	
	

	CP3
	
	
	
	
	
	

	CP4
	
	
	
	
	
	

	CP5
	
	
	
	
	
	

	CP6
	
	
	
	
	
	

	CP7
	
	
	
	
	
	

	CP8
	
	
	
	
	
	

	CP9
	
	
	
	
	
	

	CP10
	
	
	
	
	
	


Table 2 Code Performance Method 2

	Case
	Pf(O=0)
	O (Pf=0.5)
	O
 (Pf=1e-1)
	O
 (Pf=1e-2)
	O
 (Pf=1e-3)
	O
 (Pf=1e-4)
	O
 (Pf=1e-5)
	E{O}

	CP11
	
	
	
	
	
	
	
	

	CP12
	
	
	
	
	
	
	
	

	CP13
	
	
	
	
	
	
	
	

	CP14
	
	
	
	
	
	
	
	

	CP15
	
	
	
	
	
	
	
	

	CP16
	
	
	
	
	
	
	
	

	CP17
	
	
	
	
	
	
	
	

	CP18
	
	
	
	
	
	
	
	

	CP19
	
	
	
	
	
	
	
	

	CP20
	
	
	
	
	
	
	
	

	CP21
	
	
	
	
	
	
	
	

	CP22
	
	
	
	
	
	
	
	


Download Delivery
Table 3 FEC Overhead required for 99 % probability for UTRAN download test cases

	Test Case
	Error conditions
	File size
	Bitrate 
kbit/s
	Fec Overhead
	Code Parameters 
[T; Kt; Z; Ns; G]

	UD1
	Low (1% BLER)
	Small (50KB)
	64
	
	

	UD2
	
	Medium (512KB)
	64
	
	

	UD3
	
	Large (3072KB)
	64
	
	

	UD4
	Medium (5% BLER)
	Small (50KB)
	64
	
	

	UD5
	
	Medium (512KB)
	64
	
	

	UD6
	
	Large (3072KB)
	64
	
	

	UD7
	High (10% BLER)
	Small (50KB)
	64
	
	

	UD8
	
	Medium (512KB)
	64
	
	

	UD9
	
	Large (3072KB)
	64
	
	

	UD10
	15% BLER
	Small (50KB)
	64
	
	

	UD11
	
	Medium (512KB)
	64
	
	

	UD12
	
	Large (3072KB)
	64
	
	

	UD13
	20% BLER
	Small (50KB)
	64
	
	

	UD14
	
	Medium (512KB)
	64
	
	

	UD15
	
	Large (3072KB)
	64
	
	

	UD16
	30% BLER
	Small (50KB)
	64
	
	

	UD17
	
	Medium (512KB)
	64
	
	

	UD18
	
	Large (3072KB)
	64
	
	

	UD19
	Low (1% BLER)
	Small (50KB)
	128/256
	
	

	UD20
	
	Medium (512KB)
	128/256
	
	

	UD21
	
	Large (3072KB)
	128/256
	
	

	UD22
	Medium (5% BLER)
	Small (50KB)
	128/256
	
	

	UD23
	
	Medium (512KB)
	128/256
	
	

	UD24
	
	Large (3072KB)
	128/256
	
	

	UD25
	High (10% BLER)
	Small (50KB)
	128/256
	
	

	UD26
	
	Medium (512KB)
	128/256
	
	

	UD27
	
	Large (3072KB)
	128/256
	
	

	UD28
	15% BLER
	Small (50KB)
	128/256
	
	

	UD29
	
	Medium (512KB)
	128/256
	
	

	UD30
	
	Large (3072KB)
	128/256
	
	

	UD31
	20% BLER
	Small (50KB)
	128/256
	
	

	UD32
	
	Medium (512KB)
	128/256
	
	

	UD33
	
	Large (3072KB)
	128/256
	
	

	UD34
	30% BLER
	Small (50KB)
	128/256
	
	

	UD35
	
	Medium (512KB)
	128/256
	
	

	UD36
	
	Large (3072KB)
	128/256
	
	


Table 4 FEC Overhead required for 99 % probability for LTE download delivery test cases

	Test Case
	Error conditions
	Bitrate

kbit/s
	File size
	FEC Overhead
	Code Parameters 
[T; Kt; Z; Ns; G]

	LD1
	Markov, 3km/h, 1%
	266.4
	50 kB
	
	

	LD2
	
	266.4
	Audio (1 MB)
	
	

	LD3
	
	266.4
	Clip(3 MB)
	
	

	LD4
	
	266.4
	SD (128 MB)
	
	

	LD5
	
	266.4
	HD(1.8 GB)
	
	

	LD6
	Markov, 3km/h, 5%
	266.4
	50 kB
	
	

	LD7
	
	266.4
	Audio (1 MB)
	
	

	LD8
	
	266.4
	Clip(3 MB)
	
	

	LD9
	
	266.4
	SD (128 MB)
	
	

	LD10
	
	266.4
	HD(1.8 GB)
	
	

	LD11
	Markov, 3km/h, 10%
	266.4
	50 kB
	
	

	LD12
	
	266.4
	Audio (1 MB)
	
	

	LD13
	
	266.4
	Clip(3 MB)
	
	

	LD14
	
	266.4
	SD (128 MB)
	
	

	LD15
	
	266.4
	HD(1.8 GB)
	
	

	LD16
	Markov, 3km/h, 20%
	266.4
	50 kB
	
	

	LD17
	
	266.4
	Audio (1 MB)
	
	

	LD18
	
	266.4
	Clip(3 MB)
	
	

	LD19
	
	266.4
	SD (128 MB)
	
	

	LD20
	
	266.4
	HD(1.8 GB)
	
	

	LD21
	Markov, 3km/h, 1%
	398.4
	50 kB
	
	

	LD22
	
	398.4
	Audio (1 MB)
	
	

	LD23
	
	398.4
	Clip(3 MB)
	
	

	LD24
	
	398.4
	SD (128 MB)
	
	

	LD25
	
	398.4
	HD(1.8 GB)
	
	

	LD26
	Markov, 3km/h, 5%
	398.4
	50 kB
	
	

	LD27
	
	398.4
	Audio (1 MB)
	
	

	LD28
	
	398.4
	Clip(3 MB)
	
	

	LD29
	
	398.4
	SD (128 MB)
	
	

	LD30
	
	398.4
	HD(1.8 GB)
	
	

	LD31
	Markov, 3km/h, 10%
	398.4
	50 kB
	
	

	LD32
	
	398.4
	Audio (1 MB)
	
	

	LD33
	
	398.4
	Clip(3 MB)
	
	

	LD34
	
	398.4
	SD (128 MB)
	
	

	LD35
	
	398.4
	HD(1.8 GB)
	
	

	LD36
	Markov, 3km/h, 20%
	398.4
	50 kB
	
	

	LD37
	
	398.4
	Audio (1 MB)
	
	

	LD38
	
	398.4
	Clip(3 MB)
	
	

	LD39
	
	398.4
	SD (128 MB)
	
	

	LD40
	
	398.4
	HD(1.8 GB)
	
	

	LD41
	Markov, 3km/h, 1%
	1065.6
	50 kB
	
	

	LD42
	
	1065.6
	Audio (1 MB)
	
	

	LD43
	
	1065.6
	Clip(3 MB)
	
	

	LD44
	
	1065.6
	SD (128 MB)
	
	

	LD45
	
	1065.6
	HD(1.8 GB)
	
	

	LD46
	Markov, 3km/h, 5%
	1065.6
	50 kB
	
	

	LD47
	
	1065.6
	Audio (1 MB)
	
	

	LD48
	
	1065.6
	Clip(3 MB)
	
	

	LD49
	
	1065.6
	SD (128 MB)
	
	

	LD50
	
	1065.6
	HD(1.8 GB)
	
	

	LD51
	Markov, 3km/h, 10%
	1065.6
	50 kB
	
	

	LD52
	
	1065.6
	Audio (1 MB)
	
	

	LD53
	
	1065.6
	Clip(3 MB)
	
	

	LD54
	
	1065.6
	SD (128 MB)
	
	

	LD55
	
	1065.6
	HD(1.8 GB)
	
	

	LD56
	Markov, 3km/h, 20%
	1065.6
	50 kB
	
	

	LD57
	
	1065.6
	Audio (1 MB)
	
	

	LD58
	
	1065.6
	Clip(3 MB)
	
	

	LD59
	
	1065.6
	SD (128 MB)
	
	

	LD60
	
	1065.6
	HD(1.8 GB)
	
	

	LD61
	Markov, 120km/h, 1%
	266.4
	50 kB
	
	

	LD62
	
	266.4
	Audio (1 MB)
	
	

	LD63
	
	266.4
	Clip(3 MB)
	
	

	LD64
	
	266.4
	SD (128 MB)
	
	

	LD65
	
	266.4
	HD(1.8 GB)
	
	

	LD66
	Markov, 120km/h, 5%
	266.4
	50 kB
	
	

	LD67
	
	266.4
	Audio (1 MB)
	
	

	LD68
	
	266.4
	Clip(3 MB)
	
	

	LD69
	
	266.4
	SD (128 MB)
	
	

	LD10
	
	266.4
	HD(1.8 GB)
	
	

	LD71
	Markov, 120km/h, 10%
	266.4
	50 kB
	
	

	LD72
	
	266.4
	Audio (1 MB)
	
	

	LD73
	
	266.4
	Clip(3 MB)
	
	

	LD74
	
	266.4
	SD (128 MB)
	
	

	LD75
	
	266.4
	HD(1.8 GB)
	
	

	LD76
	Markov, 120km/h, 20%
	266.4
	50 kB
	
	

	LD77
	
	266.4
	Audio (1 MB)
	
	

	LD78
	
	266.4
	Clip(3 MB)
	
	

	LD79
	
	266.4
	SD (128 MB)
	
	

	LD80
	
	266.4
	HD(1.8 GB)
	
	

	LD81
	Markov, 120km/h, 1%
	398.4
	50 kB
	
	

	LD82
	
	398.4
	Audio (1 MB)
	
	

	LD83
	
	398.4
	Clip(3 MB)
	
	

	LD84
	
	398.4
	SD (128 MB)
	
	

	LD85
	
	398.4
	HD(1.8 GB)
	
	

	LD86
	Markov, 120km/h, 5%
	398.4
	50 kB
	
	

	LD87
	
	398.4
	Audio (1 MB)
	
	

	LD88
	
	398.4
	Clip(3 MB)
	
	

	LD89
	
	398.4
	SD (128 MB)
	
	

	LD90
	
	398.4
	HD(1.8 GB)
	
	

	LD91
	Markov, 120km/h, 10%
	398.4
	50 kB
	
	

	LD92
	
	398.4
	Audio (1 MB)
	
	

	LD93
	
	398.4
	Clip(3 MB)
	
	

	LD94
	
	398.4
	SD (128 MB)
	
	

	LD95
	
	398.4
	HD(1.8 GB)
	
	

	LD96
	Markov, 120km/h, 20%
	398.4
	50 kB
	
	

	LD97
	
	398.4
	Audio (1 MB)
	
	

	LD98
	
	398.4
	Clip(3 MB)
	
	

	LD99
	
	398.4
	SD (128 MB)
	
	

	LD100
	
	398.4
	HD(1.8 GB)
	
	

	LD101
	Markov, 120km/h, 1%
	1065.6
	50 kB
	
	

	LD102
	
	1065.6
	Audio (1 MB)
	
	

	LD103
	
	1065.6
	Clip(3 MB)
	
	

	LD104
	
	1065.6
	SD (128 MB)
	
	

	LD105
	
	1065.6
	HD(1.8 GB)
	
	

	LD106
	Markov, 120km/h, 5%
	1065.6
	50 kB
	
	

	LD107
	
	1065.6
	Audio (1 MB)
	
	

	LD108
	
	1065.6
	Clip(3 MB)
	
	

	LD109
	
	1065.6
	SD (128 MB)
	
	

	LD110
	
	1065.6
	HD(1.8 GB)
	
	

	LD111
	Markov, 120km/h, 10%
	1065.6
	50 kB
	
	

	LD112
	
	1065.6
	Audio (1 MB)
	
	

	LD113
	
	1065.6
	Clip(3 MB)
	
	

	LD114
	
	1065.6
	SD (128 MB)
	
	

	LD115
	
	1065.6
	HD(1.8 GB)
	
	

	LD116
	Markov, 120km/h, 20%
	1065.6
	50 kB
	
	

	LD117
	
	1065.6
	Audio (1 MB)
	
	

	LD118
	
	1065.6
	Clip(3 MB)
	
	

	LD119
	
	1065.6
	SD (128 MB)
	
	

	LD120
	
	1065.6
	HD(1.8 GB)
	
	


Streaming Delivery

Table 5 Maximum supported Media Rate (kbit/s)
for Mean Time Between FEC Block Loss of 1 hour for UTRAN streaming test cases

	Test Case
	Error rates
	Bearer rate
	Protection Period
	Supported
Media Bitrate
	Code Parameters

[T; N'; G; K]

	US1
	Low (1% BLER)
	Low (64kbit/s)
	5 sec
	
	

	US2
	
	
	20 sec
	
	

	US3
	
	Medium (128kbit/s)
	5 sec
	
	

	US4
	
	
	20 sec
	
	

	US5
	
	High (256kbit/s)
	5 sec
	
	

	US6
	
	
	20 sec
	
	

	US7
	Medium (5% BLER)
	Low (64kbit/s)
	5 sec
	
	

	US8
	
	
	20 sec
	
	

	US9
	
	Medium (128kbit/s)
	5 sec
	
	

	US10
	
	
	20 sec
	
	

	US11
	
	High (256kbit/s)
	5 sec
	
	

	US12
	
	
	20 sec
	
	

	US13
	High (10% BLER)
	Low (64kbit/s)
	5 sec
	
	

	US14
	
	
	20 sec
	
	

	US15
	
	Medium (128kbit/s)
	5 sec
	
	

	US16
	
	
	20 sec
	
	

	US17
	
	High (256kbit/s)
	5 sec
	
	

	US18
	
	
	20 sec
	
	


Table 6 Media Bitrate in kbit/s
for Mean Time Between FEC Block Loss of 1 hour for LTE use cases

	Test Case
	Error conditions
	Segment
Duration
in seconds
	Bearer 
Bitrate

kbit/s
	Supported
Media Bitrate
	Code Parameters

 [T; K; N'; G] 

	LS1
	Markov, 3km/h, 1%
	1
	266.4
	
	

	LS2
	
	1
	398.4
	
	

	LS3
	
	1
	1065.6
	
	

	LS4
	
	4
	266.4
	
	

	LS5
	
	4
	398.4
	
	

	LS6
	
	4
	1065.6
	
	

	LS7
	Markov, 3km/h, 5%
	1
	266.4
	
	

	LS8
	
	1
	398.4
	
	

	LS9
	
	1
	1065.6
	
	

	LS10
	
	4
	266.4
	
	

	LS11
	
	4
	398.4
	
	

	LS12
	
	4
	1065.6
	
	

	LS13
	Markov, 3km/h, 10%
	1
	266.4
	
	

	LS14
	
	1
	398.4
	
	

	LS15
	
	1
	1065.6
	
	

	LS16
	
	4
	266.4
	
	

	LS17
	
	4
	398.4
	
	

	LS18
	
	4
	1065.6
	
	

	LS19
	Markov, 3km/h, 20%
	1
	266.4
	
	

	LS20
	
	1
	398.4
	
	

	LS21
	
	1
	1065.6
	
	

	LS22
	
	4
	266.4
	
	

	LS23
	
	4
	398.4
	
	

	LS24
	
	4
	1065.6
	
	

	LS25
	Markov, 120km/h, 1%
	1
	266.4
	
	

	LS26
	
	1
	398.4
	
	

	LS27
	
	1
	1065.6
	
	

	LS28
	
	4
	266.4
	
	

	LS29
	
	4
	398.4
	
	

	LS30
	
	4
	1065.6
	
	

	LS31
	Markov, 120km/h, 5%
	1
	266.4
	
	

	LS32
	
	1
	398.4
	
	

	LS33
	
	1
	1065.6
	
	

	LS34
	
	4
	266.4
	
	

	LS35
	
	4
	398.4
	
	

	LS36
	
	4
	1065.6
	
	

	LS37
	Markov, 120km/h, 10%
	1
	266.4
	
	

	LS38
	
	1
	398.4
	
	

	LS39
	
	1
	1065.6
	
	

	LS40
	
	4
	266.4
	
	

	LS41
	
	4
	398.4
	
	

	LS42
	
	4
	1065.6
	
	

	LS43
	Markov, 120km/h, 20%
	1
	266.4
	
	

	LS44
	
	1
	398.4
	
	

	LS45
	
	1
	1065.6
	
	

	LS46
	
	4
	266.4
	
	

	LS47
	
	4
	398.4
	
	

	LS48
	
	4
	1065.6
	
	


Implementation-specific Performance Metrics
<The complexity and memory requirements shall in particular be provided for the following use cases: 
· 1.8 GByte at 20% Markov model error rate; 

· 4sec @ 1MBit/s streaming at the 20% Markov model error rate; 

· 20sec protection period for RTP based streaming at 384 kbit/s and the 20% error rate.>
Decoding Complexity
<To judge the complexity of a decoding algorithm, the decoding speed in terms of bit/s on top of a recognized mobile processor platform running a recognized mobile operating system can provide good insight into the feasibility of executing the code for mobile applications.>

Memory Requirements
<In terms of memory requirements, a reasonable measure is the required random access memory in the MBMS client to decode large files, such as considered in the video delivery use cases from above. >

Library Footprint

<Another performance metric for successful integration into mobile platforms is the library footprint of the code and the footprint of hardware functions if any.>
8 Verification

<The procedures on how the FEC encoder/decoder implementation can be accessed for verification of the performance results.>

9 Information on Work Item Objectives

<Sufficient information how the FEC code addresses the objectives of the work item. This information shall in particular contain information on how the FEC code provides significant enhancement to the performance of the MBMS system over the Rel-6 application layer FEC in MBMS. This information shall take into account the results of the test cases.>

10 Additional Information

< Additional information should be provided on matters such as:

· differences to existing AL-FEC
· information on available implementations and deployments>
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