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1 Introduction

A work item on “Enhancement to FEC for MBMS” in SP-120182 has been approved at SA#55, PD S4-120552 has been approved at SA4#68 and MBS report S4-1200854 has been approved at SA4#69.
This document provides the updated simulation results of the Source Blocking algorithm, which has been proposed in S4-120719, on simulation conditions which is being defined by considering UTRAN-based MBMS streaming delivery service and which is based on “Table 8 Simulation conditions for UTRAN-based MBMS” of S4-120552.
2 Proposed Source Blocking Algorithm

When the original UDP packet is placed into the source block, the value of the UDP flow identifier, F, followed by the value of the UDP payload length, L, are first written as a single byte and two-byte value in network byte order (i.e. with high order byte first) respectively into the first available bytes in the source block, followed by the UDP packet payload itself (i.e. not including the IP/UDP headers). Following this, if the next available byte is not the first byte of a new sub-symbol, then padding bytes up to the next sub-symbol boundary shall be included using the value 0 in each byte. As long as any source UDP packets remain to be placed, the procedure is repeated starting each UDP flow identifier at the start of the next subdivided encoding symbol, i.e., sub-symbol.

An example of forming a source block is given in Figure 2-1 below. In this example, five UDP packets of lengths 18, 32, 59, 20 and 24 bytes have been placed into a source block with symbol size T = 16 bytes and N = 2. The first two packets are from UDP flow 0, the third and fourth from UDP flow 1, and the fifth from UDP flow 2. Each entry in Figure 14 is a byte and Bi,j denotes the (j+1)th byte of the (i+1)th UDP packet. The rows correspond to the source symbols composed of m (= 2) sub-symbols of length 8. Note that the source block in Figure 14 consists of 12 source symbols, i.e., 24 sub-symbols. 
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Figure 2-1 The proposed source block consisting of 5 UDP packets of lengths 18, 32, 59, 20 and 24 bytes
To compare the proposed source blocking algorithm with the existing one in TS26.346, arrange the same UDP packets for above example into a source block with the same width T, according to Figure 2. As shown in Figure 2-2, the amount of zero-padding bytes for TS26.346 source block is larger than that of the proposed source block, furthermore, it induces one additional encoding symbol (K=13). As the number of sub-symbols composing a source symbol, N increases, the amount of zero-padding bytes decreases. Therefore, for the same source UDP packets, the number of encoding symbols for the TS26.346 source block is always larger than or equal to that of the proposed source block. 
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Figure 2-2 The existing source block consisting of 5 UDP packets of lengths 18, 32, 59, 20 and 24 bytes
Overview of Decoding

As shown in Figure 2-3, the proposed source block structure in Figure 1 can be regarded as N divided source blocks and the decoding process can be applied to each divided source block, respectively. Especially, the preprocessing for decoding (e.g., Gaussian Elimination to form a decoding schedule) should be applied to each divided source block since the pattern of erasure sub-symbols may be different. Note that the preprocessing for TS26.346 source block is carried out one time since there is only one pattern of erasure symbols in the source block. After preprocessing, the remaining decoding process is the same as that of TS26.346, described in RFC 5053. 

As the number of sub-symbols composing a source symbol, N increases, the performance becomes better, However, if N is too large, the decoding complexity may be slightly increased since the number of preprocessing times for decoding is also increased. Therefore, there is a trade-off relation between the performance and selection of the value N. 


[image: image3.emf]Sub-Symbol-0 Sub-Symbol-1

Sub-Symbol-2 Sub-Symbol-3

Sub-Symbol-4 Sub-Symbol-5

Sub-Symbol-6 Sub-Symbol-7

Sub-Symbol-8 Sub-Symbol-9

Sub-Symbol-10 Sub-Symbol-11

Sub-Symbol-12 Sub-Symbol-13

Sub-Symbol-14 Sub-Symbol-15

Sub-Symbol-16 Sub-Symbol-17

Sub-Symbol-18 Sub-Symbol-19

Sub-Symbol-20 Sub-Symbol-21

Sub-Symbol-22 Sub-Symbol-23

T = 16

T/2 = 8 T/2 = 8

Repair Symbol-0

Repair Symbol-1

Repair Symbol-2

.

.

.

Transmit

Transmit

Sub-Symbol-0 Sub-Symbol-1

Sub-Symbol-2 Loss

Loss Loss

Loss Loss

Sub-Symbol-8 Sub-Symbol-9

Sub-Symbol-10 Sub-Symbol-11

Sub-Symbol-12 Sub-Symbol-13

Sub-Symbol-14 Sub-Symbol-15

Loss Loss

Loss Sub-Symbol-19

Sub-Symbol-20 Sub-Symbol-21

Sub-Symbol-22 Sub-Symbol-23

Repair Symbol-0

Loss

Repair Symbol-2

.

.

.

The 2

nd

, 4

th

Packets Lost

The 2

nd

, 4

th

Packets Lost

Decoding

Decoding

Sub-Symbol-0 Sub-Symbol-1

Sub-Symbol-2 Loss

Loss Loss

Loss Loss

Sub-Symbol-8 Sub-Symbol-9

Sub-Symbol-10 Sub-Symbol-11

Sub-Symbol-12 Sub-Symbol-13

Sub-Symbol-14 Sub-Symbol-15

Loss Loss

Loss Sub-Symbol-19

Sub-Symbol-20 Sub-Symbol-21

Sub-Symbol-22 Sub-Symbol-23

Repair Sub-Symbol

Loss

Repair Sub-Symbol

.

.

.

Repair Sub-Symbol

Loss

Repair Sub-Symbol

.

.

.

Decoding

Decoding


Figure 2-3 Brief of Decoding Procedure for the Proposed Source Block

3 Simulation Condition
Introduction

“Table 8 Simulation conditions for UTRAN-based MBMS” of S4-120552 has been agreed for the purpose to evaluate the performance of FEC code(s) on UTRAN download and streaming delivery. 
For the streaming delivery, since the simulation conditions have assumed a fixed size of Source packet RTP payloads, it needs small modifications to evaluate the performance of Source Blocking Algorithm.
This document provides simulation conditions, test cases and performance metrics for evaluation of Source Blocking algorithm based on “Table 8 Simulation conditions for UTRAN-based MBMS” of S4-120552 and by considering a real use case for streaming delivery service.
Simulation Conditions and Assumptions
Table 3-1 shows simulation conditions and assumptions for Source Blocking algorithm based on “Table 8 Simulation Conditions for UTRAN-based MBMS” of S4-120552.

Modified parts compared to “Table 8 Simulation Conditions for UTRAN-based MBMS” of S4-120552 are highlighted in Yellow color.
Table 3-1 Simulation Conditions and Assumptions for Source Blocking Algorithm
	UTRAN Streaming
	

	
	Bearer rates
	64 kbit/s, 128 kbit/s, 256 kbit/s and 384 kbit/s

	
	RLC PDU size
	640 bytes (for 64 kbit/s bearer)

640 bytes (for 128 kbit/s bearer)

1280 bytes (for 256 kbit/s bearer)
1280 bytes (for 384 kbit/s bearer)

	
	RLC BLER
	1 %, 5 %, 10 %, 15 %, 20 %, 30 %

	
	RLC block loss pattern
	Independent random loss

	
	Content length
	24 hours of media content

	
	Media rates for each media
	Fixed for given bearer rate, assuming constant bitrate (see Section 2.2)

	
	FEC overhead
	Not applied (see note 1)

	
	Source packet Maximum RTP payload size
	64 kbit/s: 456 bytes

128 kbit/s: 456 bytes

256 kbit/s: 768 bytes
384 kbit/s: 768 bytes

	
	Repair packet RTP payload size
	Minimum value supported by the FEC code which is not less than 470 (for 64 kbit/s and 128 kbit/s) and 782 (for 256 kbit/s) - (see note 2) (see note 1)

	
	Symbol size (T)
	256, 128, 64, 32, 16 (in bytes)

	
	The number of sub-symbols (N)
	1, 2, 4, 8

	
	Protection period
	5 s, 20 s

	
	ROHC
	No

	
	IPv4/UDP/RTP header
	40

	Note 1: This is not real situation, but to simplify the evaluation of Source Blocking algorithm, FEC overhead is not considered. FEC overhead is proportional to the number of erasure symbols within Source Block for given RLC BLER.


Use case

The purpose of the MBMS streaming delivery method is to deliver continuous multimedia data (i.e. speech, audio, video and DIMS) over an MBMS bearer. The streaming delivery method is particularly useful for multicast and broadcast of scheduled streaming content. RTP is the transport protocol for MBMS streaming delivery. RTP provides means for sending real-time or streaming data over UDP.
For the evaluation of Source Blocking algorithm, it is assumed that video and audio RTP streams and RTCP streams are delivered over UDP. Therefore, Source Block includes audio, video and RTCP data.
Source Packet (RTP and RTCP Packet) Generation

Source packets consist of audio, video and RTCP packets. 

Table 3-2 shows bearer allocation for each media for given bearer rate. The bearer rate for each media includes bandwidth for RTCP SR.

Table 3-2 Bearer Allocation for Audio and Video data

	Bearer Rate (kbit/s)
	Bearer Rate for Audio (kbit/s)
	Bearer Rate for Video (kbit/s)

	64
	32
	32

	128
	32
	96

	256
	64
	192

	384
	64
	320


Table 3-3 shows audio and video data rate allocations for given bearer rate. Each media data rate includes the data rate for RTCP SR which is assumed in 320 bit/s. 
Table 3-3 Audio and Video Rate Allocation

	Bearer Rate (kbit/s)
	Media Rate (kbit/s)
	Audio data rate (kbit/s)

(see note 1)
	Video data rate (kbit/s)

(see note 2)

	64
	58.24
	28.8
	29.44

	128
	117.12
	28.8
	88.32

	256
	243.2
	60.8
	182.4

	384
	364.8
	60.8
	304

	Note 1: Audio data rate is assumed in 90% of bearer rate for Audio in cases of bearer rate 64 and 128 kbit/s and 95% of bearer rate in cases of bearer rate 256 and 384 kbit/s by considering RTP/UDP/IP packet overhead.

Note 2: Video data rate is assumed in 92% of bearer rate for Video in cases of bearer rate 64 and 128 kbit/s and 95% of bearer rate in cases of bearer rate 256 and 384 kbit/s by considering RTP/UDP/IP packet overhead.


NOTE: RFC3550 “RTP: A Transport Protocol for Real-Time Applications” allows up to 5% bandwidth for RTCP. However, this is not a realistic case. 320 bit/s for RTCP SR corresponds to 0.5% bandwidth in case of bearer rate 64 kbit/s. When we assume that RTCP packet size is 40 bytes, 320 bit/s for RTCP SR means that one RTCP SR is delivered every second for each media.
3.1.1 Audio Packet Generation

Audio Frame Configuration

Each frame size for audio is assumed in 25ms and is fixed.
Table 3-4 shows frame size and concatenated RTP payload size dependent on maximum RTP payload size for each bearer rate. (Ref. RFC3640 “RTP Payload Format for Transport of MPEG-4 Elementary Streams”).
Table 3-4 Audio Frame and concatenated RTP Payload size

	Bearer Rate (kbit/s)
	Audio data rate (kbit/s)
	Audio Frame size (in bytes)
	Concatenated RTP Payload size (in bytes)
	Remark

	64
	28.8
	90
	450
	8 RTP payloads/sec

	128
	28.8
	90
	450
	8 RTP payloads/sec

	256
	60.8
	190
	760
	10 RTP payloads/sec

	384
	60.8
	190
	760
	10 RTP payloads/sec


Audio RTP Packet Generation

Audio RTP packets with fixed size are generated by adding 12 bytes RTP header to each RTP payload as shown in Table 3-5.

Table 3-5 Audio RTP Packet size

	Bearer Rate (kbit/s)
	Audio data rate (kbit/s)
	Concatenated RTP Payload size (in bytes)
	# of RTP Packets / sec.

	64
	28.8
	462
	8

	128
	28.8
	462
	8

	256
	60.8
	772
	10

	384
	60.8
	772
	10


3.1.2 Video Packet Generation

Video Picture Configuration

Each GOP (group of pictures, 1 second) of video consists of 15 pictures as follows:

· One I-picture: is assumed in 50%(in average) of video data rate.

· Four P-pictures: are assumed in 30%(in average) of video data rate.
· Ten B-pictures: are assumed in 20%(in average) of video data rate.

Table 3-6 shows data rate for each video picture type.
Table 3-6 I-Picture, P-Picture and B-Picture Rate

	Bearer Rate (kbit/s)
	Video data rate (kbit/s)
	I-Picture Rate (kbit/s)
	P-Picture Rate (kbit/s)
	B-Picture Rate (kbit/s)

	64
	29.44
	14.72
	8.832
	5.888

	128
	88.32
	44.16
	26.496
	17.664

	256
	182.4
	91.2
	54.72
	36.48

	384
	304
	152
	91.2
	60.8


Table 3-7 shows an averaged picture size for each video picture type.

Table 3-7 I-Picture, P-Picture and B-Picture size (averaged value)

	Bearer Rate (kbit/s)
	Video data rate (kbit/s)
	I-Picture size 

(in bytes)
	P-Picture size 

(in bytes)
	B-Picture size 

(in bytes)

	64
	29.44
	1840
	276
	74

	128
	88.32
	5520
	828
	221

	256
	182.4
	11400
	1710
	456

	384
	304
	19000
	2850
	760


Video Picture Size Generation
Tables 3-8~3-10 show min and max of picture size to be generated under variation ranges from the averaged picture sizes for each video picture type which are defined in Table 3-7 of section 3.4.2.1.

Table 3-8 Min and Max of I-Picture size
	Bearer Rate (kbit/s)
	Video data rate (kbit/s)
	Min. I-Picture size 

(in bytes)
	Max. I-Picture size 

(in bytes)
	Variation Range (+/-)
(in bytes)

	64
	29.44
	1776
	1904
	64

	128
	88.32
	5264
	5776
	256

	256
	182.4
	10888
	11912
	512

	384
	304
	18232
	19768
	768


One I-Picture per GOP(1 sec.) is randomly generated within the variation range from the averaged value.

Table 3-9 Min and Max of P-Picture size

	Bearer Rate (kbit/s)
	Video data rate (kbit/s)
	Min. P-Picture size 

(in bytes)
	Max. P-Picture size 

(in bytes)
	Variation Range (+/-)

(in bytes)

	64
	29.44
	260
	292
	16

	128
	88.32
	764
	892
	64

	256
	182.4
	1582
	1838
	128

	384
	304
	2658
	3042
	192


4 P-Pictures per GOP(1 sec.) are randomly generated within the variation range from the averaged value.

Table 3-10 Min and Max of B-Picture size

	Bearer Rate (kbit/s)
	Video data rate (kbit/s)
	Min. B-Picture size 

(in bytes)
	Max. B-Picture size 

(in bytes)
	Variation Range (+/-)

(in bytes)

	64
	29.44
	70
	78
	4

	128
	88.32
	205
	237
	16

	256
	182.4
	424
	488
	32

	384
	304
	696
	824
	64


10 B-Pictures per GOP(1 sec.) are randomly generated within the variation range from the averaged value.
Sending Order of Video Pictures

15 video pictures per GOP are sent following order:

· I P B B P B B P B B P B B B B
Fragmentation and Concatenation of Pictures
Video pictures are fragmented and concatenated over RTP packets to comply with Section 2.3 “Concatenation of Access Units” and Section 2.4 “Fragmentation of Access Units” of RFC3640 as follows:
· A generated picture, whose size is bigger than maximum RTP payload size, is fragmented over multiple RTP payloads in the max. RTP payload size unit. Therefore each fragmented RTP payload has the same size except possibly the last one.
· If the size of any consecutive complete pictures in sending order is equal or less than the maximum RTP payload size, then those pictures are concatenated in one RTP payload.

· RTP payload shall either carry one or more complete pictures or a single fragment of one picture, i.e., payload must not contain fragments of multiple pictures.
Video RTP Packet Generation

Video RTP packets are generated by adding 12 bytes RTP header to each RTP payload.
3.1.3 RTCP Packet Generation

One RTCP packet with 40 bytes is generated for each media per second.
3.1.4 Source Packet Ordering
Source packets with 1 sec. block duration are ordered as follows:

· Two RTCP packets (one for audio and the other for video) are positioned in the first two source packets followed by video and audio RTP packets of 1 sec. 

· Video RTP packets and audio RTP packets are alternatively positioned in the remainder source packets.
IP Packet to RLC-PDU Mapping

IP packets are generated from the generated source packets by adding 28 bytes (UDP/IP headers) to each source packet.
· The serialized IP packets are fragmented in the RLC-PDU size unit.

· RLC-PDU size: 640 bytes for 64 and 128 kbit/s bearer rate, 1280 bytes for 256 and 384 kbit/s bearer rate.
· Each fragment is regarded as one RLC-PDU block.

4 Evaluation Criteria
Evaluation Procedure

For given bearer rate, 

· Step1: Generate source packets with total duration 24 hours according to Section 3.4.

· Step2: Generate RLC-PDU blocks from the generated source packets according to Section 3.5
· RLC-PDU size: 640 bytes for 64 and 128 kbit/s bearer rate, 1280 bytes for 256 and 384 kbit/s bearer rate.

· Step3: For given RLC BLER, reflect random losses to the generated RLC-PDU blocks and mark the locations of lost RLC-PDU blocks
· Step4: De-map RLC-PDU blocks with the mark information in Step3 to IP packets and convert the mark information to mark on IP packets.
· If any part of an IP packet is included in a RLC-PDU block with mark, the IP packet is marked to indicate lost packet.
· Step5: Generate source packets with the mark information from the IP packets with the mark information in Step4.

· Step6: For given block duration S, symbols size T and # of sub-symbols composing one symbol N, 

If N = 1, 
· Step6-1: Generate Source Blocks from the generated source packets in Step5 according to the current Source Blocking algorithm in TS26.346 (N=1)
· Calculate and report the averaged number K(ave) of Source Block size Ks.
· Calculate and report the averaged number E(ave) of erasure symbols on the Source Blocks.
Otherwise,
· Step6-2: Generate Source Blocks from the generated source packets in Step5 according to the proposed Source Blocking algorithm in S4-120719.

· Calculate and report the averaged number K(ave) of Source Block size Ks.
· Calculate and report the averaged number E(ave) of erasure symbols and the averaged number Es(ave) of erasure sub-symbols on the Source Blocks
Test Cases

As Table 3-1 shows, there are 4 kinds of bearer rates, 2 kinds of block duration, 5 kinds of symbol size, 4 kinds of the number of sub-symbols and 6 kinds of RLC BLER. Therefore, we have 160 (= 4 x 2 x 5 x 4) test cases for each RLC BLER. It means that there are total 960 test cases and that there are 240 test cases for each N, the number of sub-symbols.
For the detailed test cases, refer to the attached excel sheets “SBA Test Cases and Performance Metrics.xlsx” in this contribution.
Performance Metrics
For the above each test case (for given bearer rate, block duration, symbol size T and the number of sub-symbols N), K(ave), E(ave) and Es(ave) shall be provided.
For the detailed performance metrics, refer to the attached excel sheets “SBA Test Cases and Performance Metrics.xlsx”.
5 Summary

Simulation Condition and Evaluation Criteria
For the evaluation of Source Blocking algorithm, 
· It is assumed UTRAN-based MBMS audio and video streaming service.
· Audio frame is assumed in fixed size.

· Video encoding is assumed in frame coding.

· Fragmentation and concatenation of frames/pictures are assumed to comply with RFC3640.

· Simulation conditions and assumptions are proposed.
· Total 960 test cases are provided and Performance metrics are provided to compare the performances between the current SBA and the proposed SBA.

Simulation Results

Table 5-1 Performance Results for the Proposed SBA (Average, Ratio Representation)
	N
	K
	E
	Es (T/2)
	Es (T/4)
	Es (T/8)

	1
	1
	1
	-
	-
	-

	2
	0.955339
	0.983747
	0.961393
	-
	-

	4
	0.930426
	0.974197
	0.951245
	0.940203
	-

	8
	0.916872
	0.967251
	0.944492
	0.934076
	0.929455


Table 5-1 shows the averaged K, E and Es on 240 test cases for each N under “Ratio Representation”.
For j = 1, 2, 4, 8, the value K is the ratio of the averaged Source Block length with N = j  to the averaged Source Block length with N = 1 (the current SBA) on 240 test cases.
For j = 1, 2, 4, 8, the value E is the ratio of the averaged number of erasure symbols with N = j  to the averaged number of erasure symbols with N = 1 (the current SBA) on 240 test cases.

For j = 2, 4, 8, the value Es(T/j) is the ratio of the averaged number of erasure sub-symbols of size T/j with N≥j to the averaged number of erasure symbols with N = 1 (the current SBA) on 240 test cases.

Table 5-2 Performance Results for the Proposed SBA (Average on the bearer rate)
	Bearer Rate (kbps)
	N
	K
	E
	Es (T/2)
	Es (T/4)
	Es (T/8)

	64
	1
	1
	1
	-
	-
	-

	
	2
	0.949057649
	0.988853967
	0.961571927
	-
	-

	
	4
	0.91815558
	0.979842907
	0.951284051
	0.936117424
	-

	
	8
	0.90128717
	0.971672094
	0.942745867
	0.929187871
	0.923516963

	128
	1
	1
	1
	-
	-
	-

	
	2
	0.973486725
	1.00931611
	0.978688815
	-
	-

	
	4
	0.953180065
	1.009631556
	0.978624535
	0.96337083
	-

	
	8
	0.937416615
	1.002200074
	0.971532307
	0.957829617
	0.951880853

	256
	1
	1
	1
	-
	-
	-

	
	2
	0.950349168
	0.969378526
	0.953537556
	-
	-

	
	4
	0.926000034
	0.954645748
	0.938412888
	0.931513025
	-

	
	8
	0.914814221
	0.948319462
	0.932469913
	0.925201747
	0.921762891

	384
	1
	1
	1
	-
	-
	-

	
	2
	0.948462272
	0.967440645
	0.951772204
	-
	-

	
	4
	0.924366491
	0.95266606
	0.93665779
	0.929809679
	-

	
	8
	0.913971559
	0.946812572
	0.931221836
	0.92408492
	0.920658117


Table 5-2 shows the averaged K, E and Es on 60 test cases for each N and each bearer rate under “Ratio Representation”.

For j = 1, 2, 4, 8, the value K is the ratio of the averaged Source Block length with N = j to the averaged Source Block length with N = 1 (the current SBA) on 60 test cases.

For j = 1, 2, 4, 8, the value E is the ratio of the averaged number of erasure symbols with N = j to the averaged number of erasure symbols with N = 1 (the current SBA) on 60 test cases.

For j = 2, 4, 8, the value Es(T/j) is the ratio of the averaged number of erasure sub-symbols of size T/j with N≥j to the averaged number of erasure symbols with N = 1 (the current SBA) on 60 test cases.
Table 5-3 Performance Results for the Proposed SBA (Average on Symbol Size T)
	Symbol Size (T)
	N
	K
	E
	Es (T/2)
	Es (T/4)
	Es (T/8)

	16
	1
	1
	1
	-
	-
	-

	
	2
	0.990237
	0.995341543
	0.991110879
	-
	-

	
	4
	0.986952
	0.994745585
	0.990520894
	0.988595741
	-

	
	8
	0.985557
	0.99463583
	0.990417569
	0.988535178
	0.987555235

	32
	1
	1
	1
	-
	-
	-

	
	2
	0.984685
	0.995260658
	0.987006472
	-
	-

	
	4
	0.975043
	0.991006938
	0.982832154
	0.97904752
	-

	
	8
	0.971798
	0.99047268
	0.982210602
	0.978422632
	0.976615101

	64
	1
	1
	1
	-
	-
	-

	
	2
	0.953197
	0.971788501
	0.95594352
	-
	-

	
	4
	0.938556
	0.967213354
	0.951317484
	0.94390462
	-

	
	8
	0.929421
	0.96318062
	0.947194401
	0.93984731
	0.936712304

	128
	1
	1
	1
	-
	-
	-

	
	2
	0.940925
	0.979679248
	0.949831352
	-
	-

	
	4
	0.8968
	0.954217856
	0.92453131
	0.911467374
	-

	
	8
	0.883117
	0.949969258
	0.920278073
	0.907154094
	0.901004068

	256
	1
	1
	1
	-
	-
	-

	
	2
	0.907649
	0.976666611
	0.923070905
	-
	-

	
	4
	0.854778
	0.963799106
	0.907022239
	0.877998443
	-

	
	8
	0.814469
	0.937996864
	0.882361757
	0.856420981
	0.845386821


Table 5-3 shows the averaged K, E and Es on 48 test cases for each N and each symbol size T under “Ratio Representation”.

For j = 1, 2, 4, 8, the value K is the ratio of the averaged Source Block length with N = j to the averaged Source Block length with N = 1 (the current SBA) on 48 test cases.

For j = 1, 2, 4, 8, the value E is the ratio of the averaged number of erasure symbols with N = j to the averaged number of erasure symbols with N = 1 (the current SBA) on 48 test cases.

For j = 2, 4, 8, the value Es(T/j) is the ratio of the averaged number of erasure sub-symbols of size T/j with N≥j to the averaged number of erasure symbols with N = 1 (the current SBA) on 48 test cases.

6 Conclusion
It is proposed for MBMS to use Source Blocking algorithm in Section 2.
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