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1.
Introduction
This document provides an analysis of each of the candidates regarding the device-based performance verification performed in the past month.
A certain number of cross-check verification results were provided for the SA4 MBS Adhoc #21. During this adhoc meeting, a number of issues were highlighted, and it was clarified that only a limited number of tests could be performed by then.

This document provides an analysis based mostly on the numbers obtained on a second phase of performance testing. Additional configuration and codes were tested, details are provided accordingly. All candidates were given the same opportunity to provide revised software for both download and streaming tests.
This document does not intend to compare the candidates, or to evaluate other parameters than device-based performance. This is done in the companion document S4-121346.

NOTE:
In all cases, the proposed numbers from the candidate company reported here only cover a single set, even when several sets were tested. For a complete overview of the cross-check verification, see S4-121345.

NOTE:
You can find below tables summarising the test cases conditions for download and streaming.
	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Size
	HD
	Clip
	SD
	HD
	Clip
	SD
	Clip
	SD
	HD

	Speed
	3km/h
	120km/h
	120km/h
	120km/h

	Protection
	20%
	5%
	20%
	20%

	Error
	20%
	5%
	20%
	5%


	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Segm. dur.
	1s
	2s
	4s
	1s
	2s
	4s
	1s
	2s
	4s
	1s
	2s
	4s

	Speed
	3km/h
	120km/h

	Protection
	20%
	5%
	20%

	Error
	20%
	5%
	20%
	5%


2.
Candidates analysis

2.1
RS+LDPC (Expway)

2.1.1
Introduction

Due to the original "artefact" issue highlighted during the adhoc meeting, all the tests have been redone with the original code. Moreover, Expway provided a revised version of the code using a smaller index, consuming less memory and showing that the performance concerns of the "network2sd" part of the test suite are not to be worried about.

Regarding streaming, a revised version of the software has been provided that shows relatively better performance results. In parallel, a new set of PCAPs have been provided to show the performance of some of the use cases using LDPC instead of RS.
2.1.2
Performance verification
2.1.2.1
Device download
Decoder

	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Expway
	93
	271
	248
	211
	109
	82
	–
	–
	–

	Soft A
	105
	242
	254
	192
	168
	103
	258
	364
	145

	Soft B
	113
	247
	266
	225
	170
	113
	335
	382
	272


RS+LDPC download (speed, Mb/s)
In most cases, the measured decoding performance is higher than indicated.
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RS+LDPC download (speed)
	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Soft A
	86
	5
	37
	75
	6
	46
	5
	43
	86

	Soft B
	30
	5
	14
	25
	6
	19
	5
	16
	28


RS+LDPC download (Memory, MB)
Memory usage was quite high for the original version of the software. It improved quite a lot with the revised version (presumably due to a smaller index).
Network download
	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Expway
	39
	175
	39
	31
	119
	40
	–
	–
	–

	Soft A
	40
	170
	41
	25
	182
	54
	133
	35
	13

	Soft B
	216
	216
	230
	223
	218
	224
	188
	191
	189


RS+LDPC network2sd (speed, Mb/s)
In most cases, the measured performance by the original software is close or better than the proposed performance. However, these values were quite low (much lower than the processing values), which were a cause for concern (see S4-AHI362). However, the updated version of the software shows values in the same range as the other candidates, enough to dispel any doubts on the performance of the ld_decoder part of the software.
Lower loss cases
When operating in better than worst conditions (the device is able to receive more data than necessary), the performance progresses very significantly.
	Test
	LD60_110
	LD118_108
	LD119_109

	Full loss
	170
	113
	113

	Soft B
	272
	336
	382

	%
	+60%
	+197%
	+238%


RS+LDPC download lesser loss gain
2.1.2.2
Device streaming

An updated version of the software was provided after the adhoc meeting, improving slightly the reported performance. As it was discussed previously, it might be interesting to have a closer look at the switch from RS to LDPC. To illustrate this, PCAPs were provided for a number of test cases using LDPC instead of RS, and show a performance gain.
	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Expway
	123
	93
	195
	172
	142
	224
	117
	80
	179
	–
	–
	–

	Soft A
	121
	95
	195
	174
	140
	223
	117
	81
	185
	164
	147
	176

	Soft B
	130
	99
	222
	171
	151
	236
	125
	83
	192
	167
	145
	257

	A:LDPC
	
	105
	
	
	
	
	
	131
	
	
	158
	

	B:LDPC
	
	132
	
	
	
	
	
	131
	
	
	158
	


RS+LDPC streaming (speed, Mb/s)
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RS+LDPC streaming (speed, Mb/s)

Latency is maintained at low values, ranging from 2,86 ms to 17,16 ms (or 15,67 ms if LDPC is used for some other cases), average of 9,27 ms.

	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Soft A
	3,06
	11,14
	12,80
	5,04
	13,09
	16,58
	5,65
	17,67
	16,04
	4,02
	9,76
	16,87

	Soft B
	2,86
	10,74
	11,27
	5,12
	12,11
	15,67
	5,29
	17,16
	15,40
	3,95
	9,86
	11,53

	A:LDPC
	
	10,11
	
	
	
	
	
	10,93
	
	
	9,08
	

	B:LDPC
	
	8,04
	
	
	
	
	
	10,93
	
	
	9,08
	


RS+LDPC streaming (latency, ms)

When operating in better than worst conditions (the device is able to receive more data than necessary), the performance progresses significantly.

	Test
	LS45_33
	LS51_50
	LS48_36

	Full loss
	125
	131
	192

	Soft B
	167
	158
	257

	%
	+34%
	+21%
	+34%


RS+LDPC streaming lesser loss gain

2.1.3
Specific issues

All test cases pass. With the original version of the software, the performance of network2sd was worrying, however, the revision of the download software has shown this concern is not founded. Memory consumption also has reduced for download cases in the revision of the software and is now in normal range.
2.1.4
Strengths and weaknesses
2.1.4.1
Download cases
RS+LDPC is a very efficient algorithm. Its minimum speed for download (LD60) is over a 100 Mb/s, and can get to almost 400 Mb/s depending on the circumstances. Its memory consumption is reasonable, especially in the revised version that shows a maximum of 30 MB for HD cases. Network download is in the revised version in the ranges of 200 Mb/s which is no longer worrying.
When operating in better-than-worst circumstances, the performance gain can triple from the original values.

2.1.4.2
Streaming cases
Performance for streaming cases can be in certain cases quite impressive (around 200 Mbit/s for LDPC cases). However, the relative lower performance of N'=200 cases shows that it may be needed to fine-tune the switch from RS to LDPC, and indeed, the additional tests using LDPC in these conditions show an improvement in performance.
Performance in less-than-worst cases (e.g. when actual loss is 5% when maximum loss is 20%), is also significant, with a 20-30% boost in results.

While the performance is overall quite good, the relative breadth of the results (ranging from 125 to 236 Mb/s for the main cases) shows that the operator may have to properly select the coding of the streams to obtain best results – of course, if the need for such high values is indeed necessary. The latency, ranging from 2,86 ms to 15,67 ms, is very reasonable, and does not impact much the total value chain.
2.2
Supercharged (Broadcom)

2.2.1
Introduction

During the adhoc meeting in Paris in October, it was found out that the originally provided PCAPs were too long, as they were not truncated. This resulted in values that have been biased. The tests have been redone with new versions of the PCAPs.

Moreover, alternative test sets were provided but were not originally tested. [The values for Set #2 and Set #3 are not yet fully available and will be included in a later version of this document; similarly LD119 needs to be re-run due to errors during the original tests].
2.2.2
Performance verification

2.2.2.1
Device download
Decoder

	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Broadcom
	75
	122
	78
	70
	106
	77
	–
	–
	–

	Set #1
	55
	60
	19
	21
	66
	25
	125
	81
	73

	Set #2
	
	
	65
	
	
	44
	
	97
	

	Set #3
	
	
	
	
	
	
	
	
	


Supercharged download (speed, Mb/s)
The original numbers were likely calculated with the non-truncated PCAPs, which explains the big difference in performance. However, this also shows the overall low performance of Supercharged in "worst" cases (loss ≈ protection), where it can be as low as 21 Mb/s. [Set #2 and Set #3 results need to be integrated, initial results for Set #2 show performance improvements]
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Supercharged download (speed)

	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Set #1
	196
	8
	175
	708
	8
	173
	9
	193
	240

	Set #2
	
	
	84
	
	
	84
	
	96
	

	Set #3
	
	
	
	
	
	
	
	
	


Supercharged download (Memory, MB)

Memory usage for the first set is very high, and in one case (LD110) represents most of the 1 GB memory present in the device.

Network download
	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Broadcom
	208
	164
	175
	182
	200
	197
	–
	–
	–

	Set #1
	171
	170
	171
	175
	168
	173
	144
	146
	146

	Set #2
	
	
	175
	
	
	173
	
	146
	

	Set #3
	
	
	
	
	
	
	
	
	


Supercharged network2sd (speed, Mb/s)
In most cases, the measured performance for the network2sd is close to the proposed performance, and is high enough compared to the overall performance.
When operating in better than worst conditions (the device is able to receive more data than necessary), the performance progresses very significantly. However, this progress seems to rather highlight the low performance in worst conditions.

	Test
	LD60_110
	LD118_108
	LD119_109

	Full loss
	55
	66
	25

	Set #1
	73
	125
	81

	%
	+33%
	+89%
	+224%


Supercharged download lesser loss gain

2.2.2.2
Device streaming

Measured results for device streaming are consistent with the proposed values, however rather lower in all cases. The peak performance all cases considered is however around 50 Mb/s.
	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Broadcom
	58
	59
	60
	56
	51
	51
	56
	57
	55
	–
	–
	–

	Set #1
	47
	49
	51
	48
	46
	45
	49
	49
	49
	51
	53
	53


Supercharged streaming (speed, Mb/s)
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Supercharged streaming (speed, Mb/s)

Latency is generally rather high, ranging from 8,19 ms to 85,56 ms, with an average of 36,23 ms.

	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Set #1
	8,19
	22,54
	51,07
	18,68
	41,37
	85,56
	13,98
	30,02
	63,73
	13,31
	28,02
	58,33


Supercharged streaming (latency, ms)

When operating in better than worst conditions (the device is able to receive more data than necessary), the performance progresses marginally.

	Test
	LS45_33
	LS51_50
	LS48_36

	Full loss
	49
	49
	49

	Set #1
	51
	53
	53

	%
	+4%
	+8%
	+8%


Supercharged streaming lesser loss gain

2.2.3
Specific issues
After retesting with the updated test setup, no artefact could be seen. However, due to the use of the new PCAPs for download, verification of the performance of download cases generally fails. Moreover, very low performance was measured for a number of cases; however, this does not seem to reflect an anomaly of the test setup at that time.
2.2.4
Strengths and weaknesses
2.2.4.1
Download cases
Supercharged seems to suffer a lot from the lack of overhead in download cases (worst speed performance at around 20 Mb/s). However, even in better-than-expected conditions, its performance does not seem to soar that much.

Memory consumption is very high in all cases but the small clip-size downloads, and seems to even explode for LD110 (almost as much as the available memory on the device). While it might be due to poor memory management of the test application, no correction was provided, and it might be indeed an epiphenomenon of the algorithm.

The algorithm does not seem to beneficiate much from better radio conditions than the worst expected.

2.2.4.2
Streaming cases
Performance for streaming is consistent whatever the use case considered and is around 50 Mb/s, which is quite low. In practice, this results in very high latency in some use cases (up to 85 ms for LS36), which starts to be worrying for the performance (as it is part of a whole chain of delivery). When in better-than-worst conditions, the performance does not improve significantly.
2.3
6330 (Qualcomm)

2.3.1
Introduction
The original testing for download was performed only on the first test set proposed by Qualcomm, focusing on small memory usage & low overhead. Two alternative sets of parameters were provided, focusing resp. on low decoding complexity & low overhead, and low decoding complexity & low memory. The original software also contained a bug that was triggered with very big files (LD60 LL and LD60_110).
The download tests were thus run with a new version of the software over the three sets.

For device streaming, a new software was provided to demonstrate higher decoding speed for the same PCAPs. The results are provided here also.

2.3.2
Performance verification

2.3.2.1
Device download
Decoder

	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Qualcomm
	102
	180
	104
	104
	175
	102
	205
	117
	–

	Set #1
	108
	182
	104
	107
	178
	106
	205
	119
	92

	Set #2
	160
	174
	159
	159
	172
	155
	194
	172
	171

	Set #3
	175
	
	178
	–
	
	177
	
	201
	190


6330 download (speed, Mb/s)
[A number of test cases failed, results will be provided in a later update once/if these have rerun successfully]

Sub-blocking (Set #3) is only done for SD and HD files. For smaller Clip-size files, the parameter set is identitcal to Set #2.
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6330 download (speed)

	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Set #1
	10
	3
	9
	10
	3
	9
	3
	9
	10

	Set #2
	72
	7
	67
	71
	7
	67
	7
	70
	75

	Set #3
	23
	
	21
	 –
	
	21
	
	22
	23


6330 download (Memory, MB)

Memory usage is quite low for Set #1, which has the constraint of being kept under 10 MB (which affects the performance). The other test sets do not have such strict constraints, and Set #2 for example can use over 7 times as much memory, which becomes significant.

Network download
	Test
	LD60
	LD108
	LD109
	LD110
	LD118
	LD119
	LD118_108
	LD119_109
	LD60_110

	Qualcomm
	295
	315
	304
	297
	315
	296
	283
	268
	–

	Set #1
	303
	326
	316
	315
	324
	318
	280
	272
	238

	Set #2
	323
	333
	340
	329
	326
	329
	288
	283
	275

	Set #3
	315
	
	328
	–
	
	323
	
	275
	270


6330 network2sd (speed, Mb/s)
The performance of network2sd is quite high whatever the use case and is not a source of any concerns.
When operating in better than worst conditions (the device is able to receive more data than necessary), the performance does not progress significantly, possibly even worse, in LD60_110 case.

	
	Set #1
	Set #2/3

	Test
	LD60_110
	LD118_108
	LD119_109
	LD60_110
	LD118_108
	LD119_109

	Full loss
	108
	178
	106
	175
	172
	177

	Soft B
	92
	205
	119
	190
	194
	201

	%
	-15%
	+15%
	+12%
	+9%
	+13%
	+14%


6330 download lesser loss gain

2.3.2.2
Device streaming

An updated version of the software was provided after the adhoc meeting, improving quite significantly the reported performance. With the update, the performance range in terms of speed is 200-230 Mb/s for the main cases.
	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Qualcomm
	110
	141
	153
	153
	160
	157
	146
	157
	159
	158
	155
	158

	Soft A
	122
	147
	159
	157
	174
	166
	156
	167
	171
	163
	167
	171

	Soft B
	200
	211
	219
	204
	230
	216
	207
	221
	228
	240
	237
	241


6330 streaming (speed, Mb/s)
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6630 streaming (speed, Mb/s)

Latency is maintained at low values, ranging from 2,94 ms to 22,47 ms for the original software (average of 10,45 ms) and from 1,80 ms to 17,36 ms for the new software, average of 7,69 ms.

	Test
	LS21
	LS49
	LS24
	LS33
	LS50
	LS36
	LS45
	LS51
	LS48
	LS45_33
	LS51_50
	LS48_36

	Soft A
	2,94
	7,24
	16,04
	5,56
	10,46
	22,47
	4,30
	8,59
	17,56
	4,12
	8,59
	17,49

	Soft B
	1,80
	5,03
	11,67
	4,29
	7,92
	17,36
	3,23
	6,49
	13,16
	2,79
	6,04
	12,44


6330 streaming (latency, ms)

When operating in better than worst conditions (the device is able to receive more data than necessary), the performance progresses somewhat.

	Test
	LS45_33
	LS51_50
	LS48_36

	Full loss
	207
	221
	228

	Soft B
	240
	237
	241

	%
	+16%
	+7%
	+6%


6330 streaming lesser loss gain

2.1.3
Specific issues

A number of test cases, especially for Set #2 and Set #3 have failed repeatedly (notably the SD cases). This seems to be linked to network2sd rather than the decoder. Some of the test cases have passed in a later attempt. This is unlikely to be linked to the decoding process, but it is preventing the reporting of complete, reliable numbers for these sets.
2.1.4
Strengths and weaknesses
2.1.4.1
Download cases
The performance of 6330 in download test cases is reasonable. Whatever the configuration, the Clip size files download speed is reasonably consistent at 172-205 Mb/s.
However, things are different for SD and HD files, where the performance drops if memory constraints are applied (an operator decision – see below). Once sub-blocking is applied, performance comes back at 175-190 Mb/s.

This requires the operator to make decisions prior to encoding, taking in consideration the performance of the devices of the whole customer base, which may be easy if the target "audience" is well identified, e.g. "latest generation smartphones", "public low-cost bulletin boards", "HDTV TV sets", etc, but may become difficult to assess when general broadcast is applied. In practice, sub-blocking is necessary to avoid large memory usage and low speed.

When operating in better-than-worst circumstances, the performance gain does not seem to be significant.

2.1.4.2
Streaming cases
The performance of 6330 for streaming cases is good overall. If we consider the latest version of the software, better optimised for the platform, the values are strikingly good, with a range of 200-230 Mb/s.
When looking at the latency, we see numbers ranging from 2,94 to 22,47 ms for the old software, which is reduced to 1,80 ms to 17,36 ms with the new software, which is quite decent in terms of impact to the overall delay chain.
There is little positive impact to the CPU cost when operating in better-than-worst conditions, which is a likely case for streaming.
1

