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1.
Introduction

This document presents the results of extensive simulation for the MBMS application layer FEC with Reed-Solomon (RS) codes according to the simulation scenarios described in [1]. All simulations were performed for a FEC matrix approach [2], which was found to be more efficient than a packet based approach [3].

2. 
Simulation Setup

For the simulations the following assumptions has been made:

· The file and streaming data to be transmitted are segmented in IP packets of equal length.

· A header overhead of 40 bytes is assumed for each IP packet.

· The sequence of IP packet is mapped onto a sequence of SDU frames of given size.

· There is no alignment between IP packets and SDU frames (see Fig. 1). Hence, a loss of a single SDU frame may damage more than one IP packet.

· Each damaged IP packet will be discarded completely.

· The decision whether an SDU frame is correct or not is read from an error map file reflecting different SDU error ratios and patterns.
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Fig. 1: Segmentation of a download file into IP packets and mapping on SDU-Frames

To check, whether lost data can be reconstructed, we use in a simulation program a matrix of flags consisiting of J columns and K’ rows for the representation of the media data and L’ rows for the FEC data. Then the following steps are performed:

· For each packet, which is transmitted successfully according to the error pattern, the corresponding entries of the matrix are set to zero.

· Corrupted packets will be discarded and the corresponding entries of the matrix are set to one.

· In each column the number of ones is determined. If in all columns these numbers do not exceed L’, then all erasures of the media data matrix can be reconstructed successfully. 

For download, a large number of simulations with different entry points to the error map file has been performed and the number of successful reconstructions has been determined.

For streaming, the matrices have been designed such that an interleaving depth of about 5 s is obtained.

The simulation results are summarized in the Annex. Besides the random error patterns proposed in [1], more realistic error patterns from Physical Layer simulations have been used with the following parameters:

· 64 kbit/s bearer

· 80 ms TTI

· transport block size was equal to 5120 bits, 16-bit CRC was added

· geometry factor G = –3 dB, Ec/Ior was equal to -2.5, -3.0 and -4.0 dB (pedestrian A channel) and -8.0, -8.5 and -9.5 dB (pedestrian B channel)

· the resulting transport block (=SDU) error rate varied between 0.5% and 2%. For the last one in Table A7 in the Annex, the SDU error rate was as high as 7%.

These scenarios have also been used for the investigation of the S-CCPCH performance for MBMS [6].

Only for this last pattern the reconstruction failed for a 48 kbit/s streaming service. For a lower data rate (40 kbit/s), there is more room for redundancy, and reconstruction have been found to be successful. For the 43 kbit/s stream a smaller packet size has been adopted according to the average bytes per frame from a video stream. In this case, the packet header overhead is larger, so that FEC redundancy has to be reduced again resulting in failing for the last error pattern.

3. 
Processing Requirements

A detailed description of the computational requirements for erasure decoding of RS-codes has been presented by Qualcomm at RAN WG1 #33 [4, 5]. The number of computations have been computed using the formulas in Table 3 of [4]. Here in our simulations, we summarize the total number of computations and we make no distinction between multiplications and additions. 

Although we consider significantly larger matrices for outer coding at application layer compared to outer coding at radio link layer, the computational complexity remains small and can be neglected.

4. 
Memory Requirements

The memory requirements depend on the size of the matrices and is simply computed by 

Mem = J ( (K’ + L’)

Additional memories for look up tables [5] have been neglected. The figures for the different scenarios are summarized in the Annex. 

5.
Conclusion

Extensive simulations have been performed to evaluate the performance of the matrix approach for application layer FEC with RS-codes for MBMS. Random eror patterns and patterns from Physical Layer simulations have been used. The simulations have shown that, with application layer outer coding, high quality MBMS streaming over UTRAN should be possible even under moderate transmission conditions (SDU error rate of 2% for a 48 kbit/s media stream and up to an error rate of 7% for a 40 kbit/s stream).

The download case is less critical, because there could be spent more redundancy to achieve a higher probability of perfect reconstruction.
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Table A1: Results for Download, filesize 300 Byte

Table A2: Results for Download, filesize 100 kByte

Table A3: Results for Download, filesize 3 MByte

Table A4: Results for 24 kbit/s streaming, bearer bit rate 64 kbit/s – different reduncancy overhead

Table A5: Results for 48 kbit/s streaming, bearer bit rate 64 kbit/s

Table A6: Results for 100 kbit/s streaming, bearer bit rate 128 kbit/s

Table A7: Results for 48, 40, and 43 kbit/s streaming, bearer bit rate 64 kbit/s, - error patterns from Physical Layer simulations

	Simulation Data
	
	
	

	Download File Size [kbyte]
	0,3
	0,3
	0,3

	media packet payload size
	300
	300
	300

	SDU size
	64
	64
	500

	EP Matrix
	
	
	

	number of columns (J)
	340
	340
	340

	number of rows for media data (K')
	1
	1
	1

	number of rows for FEC data (L')
	1
	2
	2

	Total Data
	
	
	

	total number of Bytes
	768
	1152
	1500

	total number of SDUs
	12
	18
	3

	FEC overhead [per cent]
	112,24%
	224,49%
	224,49%

	Memory Requirement [kByte]
	0,68
	1,02
	1,02

	Bearer bit rate [kbit/s]
	5,00
	5,00
	5,00

	Delay / Transmission time [s]
	1,090
	1,630
	1,630

	Simulation Results
	
	
	

	Pattern A / 1e-02
	
	
	

	# simulations / downloads
	10000
	10000
	10000

	# erroneous packets before reconstr.
	548
	568
	100

	# erroneous downloads before reconstr.
	548
	568
	100

	# erroneous downloads after reconstr.
	129
	12
	0

	Max. number of computations
	343
	343
	343

	Pattern A / 5e-02
	
	
	

	# simulations / downloads
	10000
	10000
	10000

	# erroneous packets before reconstr.
	2671
	2704
	497

	# erroneous downloads before reconstr.
	2671
	2704
	497

	# erroneous downloads after reconstr.
	1066
	380
	54

	Max. number of computations
	343
	343
	343

	Pattern A / 1e-01
	
	
	

	# simulations / downloads
	10000
	10000
	10000

	# erroneous packets before reconstr.
	4664
	4633
	939

	# erroneous downloads before reconstr.
	4664
	4633
	939

	# erroneous downloads after reconstr.
	2642
	1515
	183

	Max. number of computations
	343
	343
	343

	Pattern B / 1e-02
	
	
	

	# simulations / downloads
	10000
	10000
	10000

	# erroneous packets before reconstr.
	177
	199
	102

	# erroneous downloads before reconstr.
	177
	199
	102

	# erroneous downloads after reconstr.
	93
	3
	102

	Max. number of computations
	343
	343
	0

	Pattern B / 5e-02
	
	
	

	# simulations / downloads
	10000
	10000
	10000

	# erroneous packets before reconstr.
	977
	1003
	528

	# erroneous downloads before reconstr.
	977
	1003
	528

	# erroneous downloads after reconstr.
	562
	132
	528

	Max. number of computations
	343
	343
	0

	Pattern B / 1e-01
	
	
	

	# simulations / downloads
	10000
	10000
	10000

	# erroneous packets before reconstr.
	1842
	1846
	981

	# erroneous downloads before reconstr.
	1842
	1846
	981

	# erroneous downloads after reconstr.
	1145
	375
	981

	Max. number of computations
	343
	343
	0


Table A1: Results for Download, filesize 300 Byte

	Simulation Data
	
	
	
	

	Download File Size [kbyte]
	100
	100
	100
	100

	media packet payload size
	500
	500
	800
	1400

	SDU size
	64
	500
	1400
	1400

	EP Matrix
	
	
	
	

	number of columns (J)
	1080
	1080
	840
	1440

	number of rows for media data (K')
	100
	100
	125
	72

	number of rows for FEC data (L')
	30
	30
	43
	27

	Total Data
	
	
	
	

	total number of Bytes
	143744
	144000
	144200
	144200

	total number of SDUs
	2246
	288
	103
	103

	FEC overhead [per cent]
	32,32%
	32,32%
	36,11%
	38,59%

	Memory Requirement [kByte]
	140,4
	140,4
	141,12
	142,56

	Bearer bit rate [kbit/s]
	5,00
	64,00
	128,00
	128,00

	Delay / Transmission time [s]
	224,640
	17,550
	8,820
	8,910

	Simulation Results
	
	
	
	

	Pattern A / 1e-04
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	1886
	413
	209
	152

	# erroneous downloads before reconstr.
	1572
	217
	79
	78

	# erroneous downloads after reconstr.
	0
	0
	0
	0

	Max. number of computations
	431830
	215520
	630084
	412555

	Pattern A / 1e-02
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	175028
	39794
	18956
	13819

	# erroneous downloads before reconstr.
	10000
	8752
	5156
	5123

	# erroneous downloads after reconstr.
	1
	0
	0
	0

	Max. number of computations
	4222934
	1745608
	2976351
	1864908

	Pattern A / 5e-02
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	778634
	206133
	99506
	72066

	# erroneous downloads before reconstr.
	10000
	10000
	9839
	9828

	# erroneous downloads after reconstr.
	10000
	0
	0
	0

	Max. number of computations
	0
	4790655
	7365981
	4802101

	Pattern A / 1e-01
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	1263560
	392530
	191758
	137799

	# erroneous downloads before reconstr.
	10000
	10000
	9999
	9999

	# erroneous downloads after reconstr.
	10000
	1862
	164
	645

	Max. number of computations
	0
	6061230
	8932875
	5647455


Table A2a: Results for Download, filesize 100 kByte, error pattern A

	Simulation Data
	
	
	
	

	Download File Size [kbyte]
	100
	100
	100
	100

	media packet payload size
	500
	500
	800
	1400

	SDU size
	64
	500
	1400
	1400

	EP Matrix
	
	
	
	

	number of columns (J)
	1080
	1080
	840
	1440

	number of rows for media data (K')
	100
	100
	125
	72

	number of rows for FEC data (L')
	30
	30
	43
	27

	Total Data
	
	
	
	

	total number of Bytes
	143744
	144000
	144200
	144200

	total number of SDUs
	2246
	288
	103
	103

	FEC overhead [per cent]
	32,32%
	32,32%
	36,11%
	38,59%

	Memory Requirement [kByte]
	140,4
	140,4
	141,12
	142,56

	Bearer bit rate [kbit/s]
	5,00
	64,00
	128,00
	128,00

	Delay / Transmission time [s]
	224,640
	17,550
	8,820
	8,910

	Simulation Results
	
	
	
	

	Pattern A / 1e-04
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	1886
	413
	209
	152

	# erroneous downloads before reconstr.
	1572
	217
	79
	78

	# erroneous downloads after reconstr.
	0
	0
	0
	0

	Max. number of computations
	431830
	215520
	630084
	412555

	Pattern B / 1e-02
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	69941
	25088
	13836
	8897

	# erroneous downloads before reconstr.
	9885
	4853
	2177
	2146

	# erroneous downloads after reconstr.
	0
	0
	0
	0

	Max. number of computations
	2302778
	2078211
	3842469
	2490990

	Pattern B / 5e-02
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	358742
	135550
	75200
	48290

	# erroneous downloads before reconstr.
	10000
	9748
	7326
	7287

	# erroneous downloads after reconstr.
	1089
	0
	8
	13

	Max. number of computations
	6177549
	4905450
	8035845
	5013228

	Pattern B / 1e-01
	
	
	
	

	# simulations / downloads
	10000
	10000
	10000
	10000

	# erroneous packets before reconstr.
	646482
	257946
	143739
	91777

	# erroneous downloads before reconstr.
	10000
	9995
	9269
	9241

	# erroneous downloads after reconstr.
	9996
	112
	159
	180

	Max. number of computations
	5366232
	6527199
	9157785
	5647455

	Pattern C / 1e-01
	
	
	
	

	# simulations / downloads
	2247
	289
	104
	104

	# erroneous packets before reconstr.
	46693
	6017
	1325
	794

	# erroneous downloads before reconstr.
	1921
	246
	85
	84

	# erroneous downloads after reconstr.
	0
	0
	0
	0

	Max. number of computations
	3084802
	3084802
	3842469
	2282071


Table A2b: Results for Download, filesize 100 kByte, error pattern B and C

	Simulation Data
	
	
	

	Download File Size [kbyte]
	3000
	3000
	3000

	media packet payload size
	500
	750
	1400

	SDU size
	500
	1400
	1400

	EP Matrix
	
	
	

	number of columns (J)
	32400
	31600
	31680

	number of rows for media data (K')
	100
	100
	100

	number of rows for FEC data (L')
	30
	30
	33

	Total Data
	
	
	

	total number of Bytes
	4311000
	4174800
	4170600

	total number of SDUs
	8622
	2982
	2979

	FEC overhead [per cent]
	32,32%
	31,59%
	34,86%

	Memory Requirement [kByte]
	4212
	4108
	4150,08

	Bearer bit rate [kbit/s]
	64,00
	128,00
	128,00

	Delay / Transmission time [s]
	526,500
	256,750
	259,380

	Simulation Results
	
	
	

	Pattern A / 1e-04
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	1267
	627
	432

	# erroneous downloads before reconstr.
	496
	205
	197

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	860880
	944160
	1124082

	Pattern A / 1e-02
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	119087
	59837
	41425

	# erroneous downloads before reconstr.
	1000
	1000
	1000

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	17868793
	17369933
	20845551

	Pattern A / 5e-02
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	617605
	312771
	215307

	# erroneous downloads before reconstr.
	1000
	1000
	1000

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	77586090
	65207925
	79648194

	Pattern A / 1e-01
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	1177127
	602145
	411092

	# erroneous downloads before reconstr.
	1000
	1000
	1000

	# erroneous downloads after reconstr.
	1000
	159
	479

	Max. number of computations
	127582531
	114725134
	136969449


Table A3a: Results for Download, filesize 3 MByte, error pattern A

	Simulation Data
	
	
	

	Download File Size [kbyte]
	3000
	3000
	3000

	media packet payload size
	500
	750
	1400

	SDU size
	500
	1400
	1400

	EP Matrix
	
	
	

	number of columns (J)
	32400
	31600
	31680

	number of rows for media data (K')
	100
	100
	100

	number of rows for FEC data (L')
	30
	30
	33

	Total Data
	
	
	

	total number of Bytes
	4311000
	4174800
	4170600

	total number of SDUs
	8622
	2982
	2979

	FEC overhead [per cent]
	32,32%
	31,59%
	34,86%

	Memory Requirement [kByte]
	4212
	4108
	4150,08

	Bearer bit rate [kbit/s]
	64,00
	128,00
	128,00

	Delay / Transmission time [s]
	526,500
	256,750
	259,380

	Simulation Results
	
	
	

	Pattern B / 1e-04
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	717
	421
	263

	# erroneous downloads before reconstr.
	191
	67
	66

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	430440
	1101070
	1123788

	Pattern B / 1e-02
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	75468
	43879
	26676

	# erroneous downloads before reconstr.
	1000
	999
	997

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	12950727
	15915361
	17454972

	Pattern B / 5e-02
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	406307
	238123
	143864

	# erroneous downloads before reconstr.
	1000
	1000
	1000

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	54546567
	56167664
	62530608

	Pattern B / 1e-01
	
	
	

	# simulations / downloads
	1000
	1000
	1000

	# erroneous packets before reconstr.
	774003
	455929
	273876

	# erroneous downloads before reconstr.
	1000
	1000
	1000

	# erroneous downloads after reconstr.
	25
	3
	0

	Max. number of computations
	94999806
	93690183
	102498708

	Pattern C / 1e-01
	
	
	

	# simulations / downloads
	8623
	2983
	2980

	# erroneous packets before reconstr.
	5178504
	1194263
	640821

	# erroneous downloads before reconstr.
	7377
	2563
	2506

	# erroneous downloads after reconstr.
	0
	0
	0

	Max. number of computations
	85539616
	83115796
	81819390


Table A3b: Results for Download, filesize 3 MByte, error pattern B and C

	Simulation Data
	
	
	
	
	
	
	
	
	

	Streaming Data Rate [kbit/s]
	24
	24
	24
	24
	24
	24
	24
	24
	24

	media packet payload size
	300
	600
	600
	300
	600
	600
	300
	600
	600

	SDU size
	64
	500
	1400
	64
	500
	1400
	64
	500
	1400

	EP Matrix
	
	
	
	
	
	
	
	
	

	number of columns
	340
	640
	640
	340
	640
	640
	340
	640
	640

	number of rows for media data
	100
	50
	50
	100
	50
	50
	100
	50
	50

	number of rows for FEC data
	15
	8
	8
	30
	16
	16
	60
	32
	32

	number of matrices
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Total Data
	
	
	
	
	
	
	
	
	

	FEC overhead [per cent]
	16,84%
	17,05%
	17,05%
	33,67%
	34,09%
	34,09%
	67,35%
	68,18%
	68,18%

	Memory Requirement [kByte]
	39,1
	37,12
	37,12
	44,2
	42,24
	42,24
	54,4
	52,48
	52,48

	Required bearer bit rate [kbit/s]
	32,06
	30,11
	30,13
	36,68
	34,49
	34,5
	45,92
	43,27
	43,27

	Bearer bit rate [kbit/s]
	64,00
	64,00
	64,00
	64,00
	64,00
	64,00
	64,00
	64,00
	64,00

	Delay / Transmission time [s]
	4,888
	4,640
	4,640
	5,525
	5,280
	5,280
	6,800
	6,560
	6,560

	Simulation Results
	
	
	
	
	
	
	
	
	

	Pattern A / 1e-04
	
	
	
	
	
	
	
	
	

	# erroneous packets
	1
	0
	0
	1
	0
	0
	0
	0
	0

	Pattern A / 1e-02
	
	
	
	
	
	
	
	
	

	# erroneous packets
	190
	37
	57
	190
	36
	46
	172
	39
	41

	# erroneous matrices after reconstr.
	1
	0
	0
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0,0107
	0
	0
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,046
	0,0091
	0,0121
	0,0578
	0,0098
	0,0128
	0,0396
	0,0083
	0,0087

	Pattern A / 5e-02
	
	
	
	
	
	
	
	
	

	# erroneous packets
	848
	186
	140
	862
	170
	125
	851
	161
	106

	# erroneous matrices after reconstr.
	30
	10
	6
	27
	1
	0
	0
	0
	0

	Post recovery packet loss ratio
	0,5653
	0,1227
	0,076
	0,5253
	0,008
	0
	0
	0
	0

	Processing requirement [MOPs]
	0
	0,0228
	0,0196
	0,0216
	0,0484
	0,0362
	0,2062
	0,0344
	0,0226

	Pattern A / 1e-01
	
	
	
	
	
	
	
	
	

	# erroneous packets
	1420
	315
	246
	1404
	309
	221
	1427
	290
	193

	# erroneous matrices after reconstr.
	30
	24
	14
	30
	8
	5
	30
	0
	0

	Post recovery packet loss ratio
	0,9467
	0,3653
	0,2293
	0,936
	0,1693
	0,0973
	0,9513
	0
	0

	Processing requirement [MOPs]
	0
	0,0092
	0,0173
	0
	0,0533
	0,0401
	0
	0,0622
	0,0413

	Pattern B / 1e-04
	
	
	
	
	
	
	
	
	

	# erroneous packets
	4
	0
	0
	0
	0
	0
	0
	0
	0

	Pattern B / 1e-02
	
	
	
	
	
	
	
	
	

	# erroneous packets
	95
	51
	53
	77
	51
	39
	85
	50
	55

	# erroneous matrices after reconstr.
	0
	0
	1
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0,0107
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0252
	0,0121
	0,0096
	0,0248
	0,0132
	0,0124
	0,0195
	0,0107
	0,0118

	Pattern B / 5e-02
	
	
	
	
	
	
	
	
	

	# erroneous packets
	428
	133
	87
	414
	137
	91
	389
	112
	124

	# erroneous matrices after reconstr.
	12
	7
	4
	1
	1
	0
	0
	0
	0

	Post recovery packet loss ratio
	0,148
	0,084
	0,0467
	0,0153
	0,0213
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0531
	0,0177
	0,0111
	0,1217
	0,0321
	0,0265
	0,0913
	0,0239
	0,0266

	Pattern B / 1e-01
	
	
	
	
	
	
	
	
	

	# erroneous packets
	753
	210
	169
	751
	230
	164
	738
	211
	201

	# erroneous matrices after reconstr.
	30
	14
	8
	20
	6
	2
	0
	0
	0

	Post recovery packet loss ratio
	0,502
	0,2053
	0,132
	0,3633
	0,1267
	0,0427
	0
	0
	0

	Processing requirement [MOPs]
	0
	0,0141
	0,0165
	0,0652
	0,0392
	0,0438
	0,1777
	0,0453
	0,0432


Table A4: Results for 24 kbit/s streaming, bearer bit rate 64 kbit/s – 

different reduncancy overhead

	Simulation Data
	
	
	

	Streaming Data Rate [kbit/s]
	48
	48
	48

	media packet payload size
	600
	600
	1400

	SDU size
	500
	1400
	1400

	EP Matrix
	
	
	

	number of columns
	640
	640
	1440

	max. number of rows for media data
	50
	50
	20

	number of rows for FEC data
	11
	11
	5

	number of matrices
	60
	60
	65

	Total Data
	
	
	

	total number of Bytes
	2381500
	2381400
	2339400

	total number of SDUs
	4763
	1701
	1671

	FEC overhead [per cent]
	23,44%
	23,44%
	26,01%

	Memory Requirement [kByte]
	39,04
	39,04
	36

	Required bearer bit rate [kbit/s]
	63,51
	63,5
	62,38

	Bearer bit rate [kbit/s]
	64,00
	64,00
	64,00

	Delay / Transmission time [s]
	4,880
	4,880
	4,500

	Simulation Results
	
	
	

	Pattern A / 1e-04
	
	
	

	# erroneous packets
	0
	0
	0

	Pattern A / 1e-02
	
	
	

	# erroneous packets
	62
	54
	40

	# erroneous matrices after reconstr.
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0

	Processing requirement [MOPs]
	0,0132
	0,0115
	0,0075

	Pattern A / 5e-02
	
	
	

	# erroneous packets
	350
	231
	141

	# erroneous matrices after reconstr.
	6
	2
	9

	Post recovery packet loss ratio
	0,0453
	0,0173
	0,0715

	Processing requirement [MOPs]
	0,0602
	0,0437
	0,0178

	Pattern A / 1e-01
	
	
	

	# erroneous packets
	603
	406
	245

	# erroneous matrices after reconstr.
	35
	15
	26

	Post recovery packet loss ratio
	0,2933
	0,1267
	0,2551

	Processing requirement [MOPs]
	0,0348
	0,0461
	0,0152

	Pattern B / 1e-04
	
	
	

	# erroneous packets
	0
	0
	0

	Pattern B / 1e-02
	
	
	

	# erroneous packets
	61
	94
	38

	# erroneous matrices after reconstr.
	0
	1
	1

	Post recovery packet loss ratio
	0
	0,01
	0,0062

	Processing requirement [MOPs]
	0,013
	0,0169
	0,0064

	Pattern B / 5e-02
	
	
	

	# erroneous packets
	241
	250
	115

	# erroneous matrices after reconstr.
	3
	8
	7

	Post recovery packet loss ratio
	0,024
	0,0787
	0,0684

	Processing requirement [MOPs]
	0,0438
	0,0282
	0,0129

	Pattern B / 1e-01
	
	
	

	# erroneous packets
	435
	397
	191

	# erroneous matrices after reconstr.
	15
	16
	15

	Post recovery packet loss ratio
	0,132
	0,1713
	0,1851

	Processing requirement [MOPs]
	0,0506
	0,0299
	0,0131


Table A5: Results for 48 kbit/s streaming, bearer bit rate 64 kbit/s

	Simulation Data
	
	
	

	Streaming Data Rate [kbit/s]
	100
	100
	100

	media packet payload size
	600
	700
	1400

	SDU size
	500
	1400
	1400

	EP Matrix
	
	
	

	number of columns
	640
	740
	1440

	max. number of rows for media data
	100
	90
	44

	number of rows for FEC data
	18
	17
	10

	number of matrices
	63
	60
	61

	Total Data
	
	
	

	total number of Bytes
	4796000
	4782400
	4772600

	total number of SDUs
	9592
	3416
	3409

	FEC overhead [per cent]
	19,33%
	20,11%
	23,43%

	Memory Requirement [kByte]
	75,52
	79,18
	77,76

	Required bearer bit rate [kbit/s]
	127,89
	127,53
	127,27

	Bearer bit rate [kbit/s]
	128,00
	128,00
	128,00

	Delay / Transmission time [s]
	4,720
	4,949
	4,860

	Simulation Results
	
	
	

	Pattern A / 1e-04
	
	
	

	# erroneous packets
	2
	0
	0

	Pattern A / 1e-02
	
	
	

	# erroneous packets
	156
	77
	51

	# erroneous matrices after reconstr.
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0

	Processing requirement [MOPs]
	0,0667
	0,0342
	0,0214

	Pattern A / 5e-02
	
	
	

	# erroneous packets
	767
	386
	274

	# erroneous matrices after reconstr.
	12
	2
	3

	Post recovery packet loss ratio
	0,0736
	0,0082
	0,0284

	Processing requirement [MOPs]
	0,2305
	0,1626
	0,0988

	Pattern A / 1e-01
	
	
	

	# erroneous packets
	1311
	738
	502

	# erroneous matrices after reconstr.
	55
	21
	27

	Post recovery packet loss ratio
	0,3882
	0,1351
	0,2337

	Processing requirement [MOPs]
	0,0402
	0,1685
	0,0791

	Pattern B / 1e-04
	
	
	

	# erroneous packets
	0
	0
	0

	Pattern B / 1e-02
	
	
	

	# erroneous packets
	85
	127
	68

	# erroneous matrices after reconstr.
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0

	Processing requirement [MOPs]
	0,0364
	0,0568
	0,0285

	Pattern B / 5e-02
	
	
	

	# erroneous packets
	475
	334
	189

	# erroneous matrices after reconstr.
	3
	4
	3

	Post recovery packet loss ratio
	0,0227
	0,0254
	0,0202

	Processing requirement [MOPs]
	0,174
	0,119
	0,0679

	Pattern B / 1e-01
	
	
	

	# erroneous packets
	836
	613
	333

	# erroneous matrices after reconstr.
	20
	19
	14

	Post recovery packet loss ratio
	0,136
	0,1396
	0,1097

	Processing requirement [MOPs]
	0,1775
	0,1054
	0,0778


Table A6: Results for 100 kbit/s streaming, bearer bit rate 128 kbit/s

	Simulation Data
	
	
	
	
	
	
	

	Streaming Data Rate [kbit/s]
	48
	48
	48
	48
	40
	40
	43

	media packet payload size
	600
	900
	600
	900
	600
	900
	311

	SDU size
	640
	640
	640
	640
	640
	640
	640

	EP Matrix
	
	
	
	
	
	
	

	number of columns
	640
	940
	640
	940
	640
	940
	640

	max. number of rows for media data
	50
	33
	100
	66
	42
	28
	42

	number of rows for FEC data
	11
	8
	22
	16
	19
	13
	11

	number of matrices
	60
	61
	30
	31
	60
	60
	69

	Total Data
	
	
	
	
	
	
	

	total number of Bytes
	2381440
	2366720
	2381440
	2375040
	2388480
	2340480
	2355840

	total number of SDUs
	3721
	3698
	3721
	3711
	3732
	3657
	3681

	FEC overhead [per cent]
	23,44%
	25,49%
	23,44%
	25,90%
	48,58%
	48,87%
	28,33%

	Memory Requirement [kByte]
	39,04
	38,54
	78,08
	77,08
	39,04
	38,54
	33,92

	Required bearer bit rate [kbit/s]
	63,51
	63,11
	63,51
	63,33
	63,69
	62,41
	62,82

	Bearer bit rate [kbit/s]
	64,00
	64,00
	64,00
	64,00
	64,00
	64,00
	64,00

	Delay / Transmission time [s]
	4,880
	4,817
	9,760
	9,635
	4,880
	4,820
	4,240

	Simulation Results
	
	
	
	
	
	
	

	Pattern Pedestrian A, Ec/Ior = -2.5 dB
	
	
	
	
	
	
	

	# erroneous packets
	31
	31
	36
	35
	29
	24
	59

	# erroneous matrices after reconstr.
	0
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0066
	0,0063
	0,0154
	0,0144
	0,0052
	0,0041
	0,0058

	Pattern Pedestrian A, Ec/Ior = -3.0 dB
	
	
	
	
	
	
	

	# erroneous packets
	55
	56
	65
	50
	54
	38
	85

	# erroneous matrices after reconstr.
	0
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0117
	0,0113
	0,0277
	0,02
	0,0096
	0,0066
	0,0084

	Pattern Pedestrian A, Ec/Ior = -4.0 dB
	
	
	
	
	
	
	

	# erroneous packets
	139
	114
	146
	113
	112
	90
	195

	# erroneous matrices after reconstr.
	0
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0295
	0,0231
	0,0626
	0,0461
	0,0196
	0,0156
	0,0191

	Pattern Pedestrian B, Ec/Ior = -8.0 dB
	
	
	
	
	
	
	

	# erroneous packets
	69
	50
	59
	48
	56
	50
	100

	# erroneous matrices after reconstr.
	0
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0147
	0,0102
	0,0252
	0,0198
	0,01
	0,0086
	0,0099

	Pattern Pedestrian B, Ec/Ior = -8.5 dB
	
	
	
	
	
	
	

	# erroneous packets
	136
	112
	123
	101
	112
	97
	180

	# erroneous matrices after reconstr.
	0
	0
	0
	0
	0
	0
	0

	Post recovery packet loss ratio
	0
	0
	0
	0
	0
	0
	0

	Processing requirement [MOPs]
	0,0289
	0,0227
	0,0527
	0,0411
	0,0195
	0,0166
	0,0179

	Pattern Pedestrian B, Ec/Ior = -9.5 dB
	
	
	
	
	
	
	

	# erroneous packets
	447
	366
	448
	361
	363
	302
	659

	# erroneous matrices after reconstr.
	20
	25
	9
	14
	0
	0
	15

	Post recovery packet loss ratio
	0,1507
	0,231
	0,1287
	0,218
	0
	0
	0,0899

	Processing requirement [MOPs]
	0,0472
	0,0276
	0,1104
	0,0593
	0,065
	0,0523
	0,0583


Table A7: Results for 48, 40, and 43 kbit/s streaming, bearer bit rate 64 kbit/s, - 

error patterns from Physical Layer simulations
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