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1.
Introduction
1.1
Scope

This document provides the updated performance results for an updated version of the 6330 code as described in S4-130045, and also the final performance results of the RS+LDPC proposal obtained as part of the testing campaign performed by Huawei and as described in S4-130061.
The changes compared to S4-130045 for the 6330 code are that the number of source blocks for the SD cases was corrected from 14 to 13, to ensure complete consistency with source blocking parameters used previously for the 6330 code and to be in correspondence with the RS+LDPC proposal source block parameters for the SD cased, although the differences in the results using 13 instead of 14 source blocks are essentially imperceptible.  This document also provides the results for the 6330 code and the RS+LDPC proposal on a side-by-side basis using equivalent source blocking parameters in most cases, and as close as possible source blocking parameters in every other case.  The PCAPS used for 6330 streaming are updated to incorporate the latest agreed loss traces and corresponding target bit rates, whereas the PCAPS used for RS+LDPC seem to be according to an older set of overhead parameters, but nevertheless use similar parameters.
This document provides a consistent set of results for the 6330 code proposal and for the RS+LDPC proposal for the device-based performance testing, in order to help companies make up their mind using comparable results (note that we believe that device-based performance is just one of the factors companies should use to make their decision). 

1.2
Results formatting

The tables below summarize 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

	Seg. 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%


In order to view the different values in a meaningful way, the results have been provided in a "speed matrix" according to the following pattern, respectively for download and for streaming.

	Download
	Clip
	SD
	HD

	5%/5%
	LD108
	LD109
	LD110

	20%/20%
	LD118
	LD119
	LD60

	20%/5%
	LD108_118
	LD119_109
	LD60_110

	Repair only/20%
	--
	LD119repair only_119
	--

	Memory usage
	min-max
	min-max
	min-max


	Streaming
	1s
	2s
	4s

	5%/5%, 3 km/h
	LS33
	LS50
	LS36

	20%/20%, 3 km/h
	LS21
	LS49
	LS24

	20%/20%, 120 km/h
	LS45
	LS51
	LS48

	20%/5%, 120 km/h
	LS45_33
	LS51_50
	LS48_36

	Memory usage
	min-max
	min-max
	min-max


2.
Side-by-side 6330 and RS+LDPC candidate results
2.1
Download cases
	Speed (Mb/s)
	
	RS+LDPC
	6330
	6330 JIT

	
	
	Clip
	SD
	HD
	Clip
	SD
	HD
	Clip
	SD
	HD

	5%/5%
	
	326.8
	343.3
	292.4
	416.0
	336.0
	316.6
	529.8
	382.4
	371.3

	20%/20%
	
	245.9
	185.4
	177.8
	409.2
	330.6
	305.4
	518.9
	392.7
	355.0

	20%/5%
	
	368.5
	439.7
	322
	449.4
	372.3
	333.8
	613.8
	434.4
	396.0

	Repair/20%
	
	N/A
	N/A
	N/A
	--
	290.5
	--
	--
	330.6
	--

	Mem  (MB)
	
	4.8-6.2
	13.8-18.6
	25.3-30.3
	0.6-0.6
	1.0-1.1
	1.2-1.3
	0.6-0.6
	1.0-1.1
	1.2-1.3


The 6330 and RS+LDPC results use the exact same source blocking for the Clip and SD case, and are essentially the same for the HD case (6330 using 173 source blocks, RS+LDPC uses 174 source blocks).  Although the results for the 20%/5% cases are included above for completeness, it is clear that this download case is largely irrelevant in practice, since overall system resource usage is far less if reception is terminated when enough data has arrived to recover the file instead of continuing to receive data after the file is recoverable.  See S4-121312 for details. 
The memory sizes above are for the ld_decoder, and do not include the memory for network2sd.  The corresponding memory sizes for network2sd for 6330 are approximately 2 MB for Clip, 3 MB for SD, and 29 MB for HD.  The corresponding memory sizes for network2sd for RS+LDPC, and the network2sd statistics in general, are not provided in S4-130061.  
These results minimize the 6330 ld_decoder memory size.  There are various possible trade-offs between the 6330 network2SD memory size and the 6330 ld_decoder memory size with similar decoding speeds.  As an example of such a trade-off, for the HD case the network2sd memory size can be around 4.5 MB and the corresponding ld_decoder memory size is around 3.5 MB, with very similar decoding speeds.   As another example, for the HD case the network2sd memory size can be around 1.5 MB and the corresponding ld_decoder memory size is around 11 MB.  All of these trade-offs are possible at the UE using the same transmission of data over the eMBMS channel – i.e., these trade-offs can be made independently by the UE.
Results for 6330 using a Just-in-Time (JIT) recovery strategy are also shown, labelled as 6330 JIT.  The difference between 6330 and 6330 JIT is that 6330 writes the recovered file back to the SD card, whereas the 6330 JIT strategy writes a copy of the recovered sub-blocks to RAM that can then be used directly for play back by other applications. Thus, for 6330 JIT, the sub-block size affects the access response time, as this is related to the amount of memory that needs be read from the SD card for playback.  In the above, the sub-block size is approximately 256 KB, and the overall access response time, which includes reading data for the first requested sub-block from the SD card, decoding the sub-block, and writing the recovered sub-block to RAM, is well under 100 ms.  The 6330 JIT strategy is described in S4-121446, titled “On-demand recovery of eMBMS delivered media content”.   The Just-in-time recovery strategy not only improves decode speeds, but it also avoids an additional write of the entire file to the SD card after reception of the packets, and thus the total number of writes to the SD file system is halved with the Just-in-time recovery strategy.
Two exemplary results are also provided for 6330 when only repair data is transmitted, i.e., for the SD case, with 6330 and 6330 JIT, and 20% loss is applied (and thus the amount of repair data transmitted is exactly the same as the amount of data transmitted for the LD119 case).  In this case, no source symbols are sent or received by the device, and thus only repair symbols are used for recovery.  Note that sending only repair data to the eMBMS session can be useful to support a hybrid eMBMS/HTTP service, e.g., using standard HTTP web servers with copies of the original file to support a scalable and efficient HTTP-based repair service for eMBMS, or supporting a dynamically triggered eMBMS service to offload peak viral HTTP downloads and streaming of popular content.  Note that the decode speed difference when using only repair to decode versus mostly source and repair is around 10-15%, i.e., 291 Mbps decode speed from repair only versus 331 Mbps decode speed from source and repair for 6330 ld_decoder, and 331 Mbps decode speed from repair only versus 393 Mbps decode speed from source and repair for 6330 JIT ld_decoder.  Note that this is a use case that cannot be handled by the RS+LDPC proposal.
For the 6330 code, the FEC code itself is completely specified in IETF RFC 6330.  For the LDPC code that is one of the two codes in the RS+LDPC proposal, the FEC code itself is under-specified in IETF RFC 5170, as the values of several code parameters necessary to fully specify the code are left undetermined. S4-130061 does not provide the LDPC code parameters used to generate the results, e.g., the code rate used in each construction is not provided, as well as the value of the pseudo-random seed that determines the edge construction between the source symbols and repair symbols.  Presumably the degree of each source symbol in the LDPC code construction is 7, since this is the recommendation for the RS+LDPC proposal, although S4-130061 does not provide this information.
2.2
Streaming cases

	Speed (Mb/s)
	
	RS+LDPC
	6330

	
	
	1s
	2s
	4s
	1s
	2s
	4s

	5%/5%; 3 km/h
	
	217.4
	189.7
	260.4
	291.4
	347.8
	346.3

	20%/20%; 3 km/h
	
	187.6
	142.6
	235.3
	214.5
	283.9
	315.0

	20%/20%; 120 km/h
	
	164
	137.4
	218.8
	286.7
	328.1
	336.8

	20%/5%; 120 km/h
	
	220.6
	185.7
	266.0
	305.9
	354.5
	369.9

	Memory (kB)
	
	644-648
	832-1152
	1236-1504
	550-600
	640-730
	850-990

	
	
	
	
	
	
	

	Latency (ms)
	
	1s
	2s
	4s
	1s
	2s
	4s

	5%/5%; 3 km/h
	
	4.0
	9.7
	14.2
	3.0
	5.2
	10.8

	20%/20%; 3 km/h
	
	2.0
	7.4
	10.6
	1.8
	3.8
	8.2

	20%/20%; 120 km/h
	
	4.0
	10.4
	13.5
	2.3
	4.3
	8.9

	20%/5%; 120 km/h
	
	3.0
	7.7
	11.1
	2.2
	4.0
	8.1


Latency results are computed average latency according to the formula agreed for the verification process, not measured latency (which was not possible to measure with the agreed test setup).

3. Graphic results

3.1
Download cases

[image: image1.png]16530: Repar onh/20%
misuorc: 204208
Orsor sk
ORsDrC:208/5%




Figure 1 RS+LDPC and 6330 ld_decoder side-by-side decode speeds, in Mbps
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Figure 2 RS+LDPC and 6330 Just-in_Time ld_decoder side-by-side decode speeds, in Mbps
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Figure 3 RS+LDPC and 6330 ld_decoder side-by-side maximum memory, in MB
3.2
Streaming cases


[image: image4.png]RRSHDPC 20%/20%: ke
6330.20%/20% 3 i
BRSDPC 20%/20%; 120k
96330: 20%/20% 120 ke
ORsDPC /5% 3k
96330:5%/5%;3 ki
RsDPC 204/5%; 20k
Ds330: 20%/5% 120k




Figure 4 RS+LDPC and 6330 ls_decoder side-by-side decode speeds, in Mbps
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RS+LDPC: 20%/20%	Clip	SD	HD	245.9	185.4	177.8	6330 JIT: 20%/20%	Clip	SD	HD	518.9	392.7	355.12	RS+LDPC: 5%/5%	326.8	343.3	292.4	6330 JIT: 5%/5%	529.8	382.4	371.3	RS+LDPC: 20%/5%	368.5	439.7	322.0	6330 JIT: 20%/5%	613.8	434.4	396.31	

Chart2



RS+LDPC: ld_decode mem max	Clip	SD	HD	6.2	18.6	30.3	6330: ld_decode mem max	0.6	1.1	1.3	

Chart4



RS+LDPC: 20%/20%; 3 km/h	1s	2s	4s	187.6	142.6	235.3	6330: 20%/20%; 3 km/h	1s	2s	4s	214.45	283.89	315.0	RS+LDPC: 20%/20%; 120 km/h	164.0	137.4	218.8	6330: 20%/20%; 120 km/h	286.72	328.14	336.8	RS+LDPC: 5%/5%; 3 km/h	217.4	189.7	260.4	6330: 5%/5%; 3 km/h	291.41	347.76	346.33	RS+LDPC: 20%/5%; 120 km/h	220.6	185.7	266.0	6330: 20%/5%; 120 km/h	305.93	354.5	369.93	








