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1
Background

SA4#70 agreed the following statement at its closing plenary

With a 3 months extension, SA4 is confident to complete the Work Item on EMM-EFEC at SA4#71 to meet the Rel‑11 timeline. Pending verification of performance numbers (scheduled prior to SA4#71/November), it can already be seen that one or more FEC code candidates fulfils the work item objectives and one of these can be seen to outperform the other candidates on most test cases based on test results to date, but final verification of all codes is needed before final selection of a FEC. The necessary CRs and other documentation for these FEC codes are available.
Among the tasks to be performed to complete the EMM-EFEC Work Item (see the Rel-11 Work Item Exception for EMM-EFEC in Tdoc S4-121215), the first two tasks are

· Verification of device-based and overhead evaluation results
· Selection of the FEC according to the work item objectives

With regards to the first task, since SA4#70 detailed performance figures of the 3 candidate codes have been provided and were verified to a large extent. A dedicated MBS ad hoc meeting took place on 9-11 October for this purpose. Two non-candidate 3GPP members conducted verification experiments of the 3 candidate codes. A compilation of the results was made available in Tdoc S4-AHI379 which was agreed by MBS SWG. Results for MBMS Rel-6 FEC RFC 5053 are based on those provided in S4-121388. 
This document provides an analysis of the available and verified selection performance figures in light of the work tem objectives and proposes conclusions with regards to the selection of the FEC.
2
Analysis
2.1
EMM-EFEC work Item objectives
The Work item objectives are contained in SP-110555 (New WID EMM Enhancement to FEC for MBMS (EMM-EFEC)). 
The objective of the work item is to investigate and evaluate the proposed FEC technologies and adopt one which provides the most significant enhancement to the performance of the MBMS system over the Rel-6 application layer FEC in MBMS.  Aspects of system performance which would provide benefit to the system  include, but are not limited to,

· Improving the bandwidth efficiency of streaming and download services delivery over MBMS 

· Improving the reliability of streaming and download services delivery over MBMS, e.g., by increasing the amount of tolerable lost packets for a given FEC overhead  

· Reducing the required computational and memory resources for decoding in UEs

· Addressing backward compatibility issues by considering deployments of pre-Rel-11 MBMS FEC

The evaluation process of proposed improvements shall favour open and available standardized FEC solutions and will be documented in a TR.

In the following we refer to FEC candidates as being

- RFC6330 as proposed in S4-121445, EMM-EFEC: EMM-EFEC: Minor Updates to 6330 Code Submission, Qualcomm Incorporated
- RS+LDPC as proposed in S4-121430, RS+LDPC EMM-EFEC contribution – update, Expway 
- Supercharged as proposed in S4-121461, Supercharged Code, BROADCOM CORPORATION
2.2
Device based Streaming performances

2.2.1
Media rate

In device based streaming cases the media rate gives a measure of the code’s bandwidth efficiency and reliability. The results are summarized in this table

Table 1 Device based Streaming Media Rates
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Case

RS+LDPC 

Supercharged

RFC6330

RFC6330 

post-submission

RFC5053

LS21

370,94

360,64

360,64

360,64

351,23

LS49

530,66

530,66

530,66

530,66

520,70

LS24

624,88

638,85

638,85

638,85

631,30

LS33

875,84

875,84

875,84

875,84

866,30

LS50

917,06

911,90

911,90

911,90

892,10

LS36

924,48

935,09

935,09

935,09

927,90

LS45

659,46

669,76

669,76

669,76

659,46

LS51

716,13

716,13

716,13

716,13

705,92

LS48

740,44

749,62

749,62

749,62

742,40

Ref.

S4-121430

S4-121461

S4-121445

S4-121445

S4-121388


Note that RS+LDPC Media rate results are not consistent with the ideal media rate figures and should be ignored. The Supercharged and RFC6330 candidates increase the efficiency and reliability over MBMS Rel-6 FEC RFC 5053. We expect also RS+LDPC to increase efficiency over RFC5053.
2.2.2
Computational and memory resources

The decoding speed gives a good measure of the required computational resources at the decoder. As already pointed out during the MBS ad hoc (9-11 October), the important parameter for implementers is the worst-case average computational complexity for decoding across similar cases. I.e., the lowest average decoding speed across streaming use cases. 
Table 2 Device based Streaming Decoding speed
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Case
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Supercharged

RFC6330

RFC6330 

post-submission

RFC5053

LS21

113,55

54,69

110,40

203,50

70,64

LS49

92,56

56,82

140,88

220,60

72,26

LS24

194,60

58,37

152,51

235,64

94,46

LS33

171,92

53,79

153,21

214,78

92,65

LS50

142,42

49,41

160,30

244,99

109,46

LS36

223,97

48,84

157,30

229,00

169,05

LS45

117,06

55,30

145,95

222,02

84,25

LS51

80,41

54,85

156,63

235,65

90,44

LS48

178,90

53,46

158,93

245,33

143,38

Min

80,41

48,84

110,40

203,50

70,64

Ref.

S4-121430

S4-121461

S4-121445

S4-121445

S4-121388


Looking at the results we find that RS+LDPC and RFC6330 candidates significantly reduce consumption of computational resources over MBMS Rel-6 RFC5053. The Supercharged candidate requires significantly more computational resources than RFC5053.

Comparing RS+LDPC and RFC6330 candidates with each other we find that RFC6330 requires significantly less computational resources than RS+LDPC.

The memory resources required by the decoding is evaluated by taking the maximum (worst case) memory size required across streaming cases.
Table 3 Device based Streaming Memory Size
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Case
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RFC6330 
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RFC5053
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0,67
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0,61

0,63

0,52
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0,87

1,02

0,80
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1,62

1,15

1,18

1,14

LS33
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0,73

0,72
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0,68

LS50

1,62

1,08

0,97

1,00

0,93
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1,27

1,77

1,46

1,48

1,44

LS45

1,52

0,69

0,68

0,71

0,63

LS51

1,61

1,00

0,87
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1,75

1,57

1,28

1,30

1,25
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1,81

1,77

1,46

1,48

1,44

Ref.

S4-121430

S4-121461

S4-121445

S4-121445

S4-121388


Looking at the results we find that all 3 candidates have memory requirements in the same order of RFC5053 requirements with RS+LDPC and Supercharged requiring slightly more memory. 

Considering both computational and memory results, we consider that RS+LDPC and RFC6330 candidates fulfill this Work Item objective and that RFC6330 is significantly better than RS+LDPC.
2.2.3
Decoding latency

The decoding latency in the streaming case is added onto the segment media time for rendering. Since the segment media time varies according to the test case, the decoding latency is expressed as percentage of the media time segment for comparison purposes. The results are summarized in this table.

Table 4 Device based Streaming Decoding Latency
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Case

RS+LDPC 

Supercharged

RFC6330

RFC6330 

post-submission

RFC5053

Segment 

duration (s)

LS21

0,33%

0,66%

0,33%

0,18%

0,50%

1,00

LS49

0,57%

0,93%

0,38%

0,24%

0,72%

2,00

LS24

0,32%

1,09%

0,42%

0,27%

0,67%

4,00

LS33

0,51%

1,63%

0,57%

0,41%

0,94%

1,00

LS50

0,64%

1,85%

0,57%

0,37%

0,82%

2,00

LS36

0,41%

1,91%

0,59%

0,41%

0,55%

4,00

LS45

0,56%

1,21%

0,46%

0,30%

0,78%

1,00

LS51

0,89%

1,31%

0,46%

0,30%

0,78%

2,00

LS48

0,41%

1,40%

0,47%

0,31%

0,52%

4,00

Max

0,89%

1,91%

0,59%

0,41%

0,94%

Ref.

S4-121430

S4-121461

S4-121445

S4-121445

S4-121388


According to these results the maximum relative decoding latencies of RFC6330 and RS+LDPC improve over RFC5053 and are within 1% of segment media time and therefore fulfill this Work Item objective. Supercharged degrades latency compared to RFC5053.
2.3 Device based Download performances
2.3.1
Computational and memory resources

The decoding speed gives a good measure of the required computational resources at the decoder. For download use case it directly translates into decoding time of a file. As already pointed out during the MBS ad hoc 9-11 October, the important parameter for implementers is the worst-case average computational complexity for decoding across similar cases. I.e., the lowest average decoding speed across download use cases. 

Table 5 Device based Download Decoding Speed
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Supercharged 
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Supercharged 
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RFC6330  #1

(Small Memory 

and Low 

Overhead)

RFC6330  #2

(Low Decoding 

Complexity and 
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RFC6330  #3

(Low Decoding 
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RFC5053





LD60

93,07

49,54

18,82

101,55

151,13

173,48

180,16

LD108

271,26

52,63

45,28

179,76

174,16

174,16

227,06

LD109

247,58

16,94

11,66

104,31

154,63

176,31

194,87

LD110

211,27

18,59

16,29

103,73

153,83

176,01

194,01

LD118

109,12

57,14

47,95

174,76

172,37

172,37

206,93

LD119

81,90

21,62

13,58

101,58

151,27

175,33

159,27

Min

81,90

16,94

11,66

101,55

151,13

172,37

159,27

Ref.

Set#2 of S4-121430

S4-121461

S4-121461

S4-121445

S4-121445

S4-121445

S4-121388


Looking at the results we find that:
· Worst decoding speeds of RFC6330#2 and RFC5053 are equivalent 

· Worst decoding speed of RFC6330#3 is superior than that of RFC5053. 
· Worst decoding speed of RFC6330#1 and RS+LDPC#2 are lower than that of RFC5053

· Worst decoding speed of Supercharged High speed and Low Memory are an order of magnitude lower than that of RFC5053.

· Any RFC6330 set shows greater decoding speed than RS+LDPC and Supercharged.

The memory resources required by the decoding is evaluated by taking the maximum (worst case) memory size required across download cases.

Table 6 Device based Download Memory Size
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21,10
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LD110

76,96

201,33
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9,50

71,30

22,40

8,01

LD118

6,40

9,02
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47,39
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S4-121461
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S4-121445

S4-121445

S4-121445

S4-121388


Looking at the results we find that RFC6330#1 memory usage is equivalent to RFC5053 memory (with low memory usage settings). In all other cases of candidates and settings the memory usage is increased. RFC6330 and RS+LDPC increase are somewhat equivalent while Supercharged memory increase is significant.

Considering both computational and memory results for download, RS+LDPC and RFC6330 candidates slightly increase computational and memory over RFC5053. Supercharged significantly increases computational complexity and memory over RFC5053.
2.4 Other aspects
2.4.1
Openness and standardization status
The selection should favor open and available standardized FEC. 

RS+LDPC is a combination of two FECs which are both open and standardized. RS is standardized in RFC5510 and LDPC in RFC5170. However the combination of both, i.e., RS+LDPC, is not standardized.

Supercharged is open but not standardized. It is to be noted that a draft has been submitted to IETF for Supercharged (http://tools.ietf.org/html/draft-stauffer-rmt-bb-fec-supercharged-01).

RFC6330 is open and standardized.

Considering these statuses the selection process should – all other things being equal - favor RFC6330.
2.4.2
Backward compatibility

None of the candidate codes are backward compatible. This was not a requirement and hence does not give any indication in favor or against any candidate for selection. However, careful consideration for backward compatibility needs to be made once the selection is completed.
3 Proposal
This document provides an analysis of the available and verified selection performance figures in light of the work item objectives. This analysis shows that only RFC6330 fulfils the Work Item objectives by providing significant improvements over MBMS Rel-6 FEC RFC 5053. RFC6330 also performs significantly better than the other candidates. 
The source companies kindly propose to SA4 that RFC6330 be agreed as the selected candidate in the EMM-EFEC Work Item.

