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1 Introduction

This document provides results for the benchmark codes ideal code and RFC5053 codes according to the assumptions in document S4-120040.

The results are not yet completed, but simulations will be completed with further agreements.

2 Identified Problems of UTRAN Streaming Conditions

The UTRAN streaming conditions are provided below. However, when revisiting the conditions for the verification of the results, some issues were observed in the highlighted lines.

1. The source packet RTP payload size, referred to as S, as indicated below results in a UDP payload size of S+12+4 by including the RTP header and the Source FEC payload ID.

2. The size of the packet in the source block is S+12+2+1 taking into account the flow identifier and the UDP payload size. Each packet results in ceil(S/T) source symbols.

3. The notion of "Repair packet RTP payload size" is actually not correct, as delivery of repair packets is not over RTP, but UDP only. The UDP payload size in bytes of a repair packet is obtained as G*T+6 with G the number of symbols in the repair packet and T the symbol size. The six byte overhead result from the Repair FEC payload ID.

4. The objective is that the loss of one source packet can be compensated with at most one additional repair packet. Therefore, repair packets should include sufficient symbols to recover with high likelihood and single lost source packet.

Based on this discussion some minor updates are proposed below that should also be added to the updated TR.
	UTRAN Streaming
	

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

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

1280 bytes (for 128 kbit/s bearer)

1280 bytes (for 256 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
	Varied by steps of 1 % of bearer rate, assuming only a single media stream with constant bitrate (see note 1)

	
	FEC overhead
	Varied to sum FEC and Media to equal bearer rate

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

128 kbit/s: 456 bytes

256 kbit/s: 768 bytes

	
	Repair UDP packet payload size w/o Repair FEC payload ID
	Minimum value supported by the FEC code which is not less than 471 (for 64 kbit/s and 128 kbit/s) and 783 (for 256 kbit/s) - (see note 2)

	
	Protection period
	5 s, 20 s

	
	ROHC
	No

	
	IPv4/UDP/RTP header
	40

	NOTE 1:
In practice, multiple media streams may be carried within a single MBMS bearer. However, only a single media stream is considered for FEC simulation purposes for simplicity.

NOTE 2:
The last repair packet of a block may be shorter if supported by the FEC code in order to fit within the protection period.


3 Ideal Code

3.1 Description
A code is generally capable to handle one or a few or many of the following parameters
· T: source symbol size

·  K: source block size and number of source symbols

·  N: word length and number of encoding symbols

An ideal code with parameters (K, N, T)  can reconstruct the K source symbols from any set of K of the N encoding symbols. Ideal codes exists, but are usually very complex in encoding and decoding, especially if K is not small or if N needs to be large.

We use the property of ideal codes to determine the performance bound for any code considered in this context.
3.2 Evaluation Criteria
3.2.1 Code Performance

tbd
3.2.2 Download Delivery UTRAN

The FEC Overhead required for 99 % probability of recovery is computed the Transmission overhead as described in Annex A.1 of this document. Detailed simulation conditions are provided in S4-AHI236.
Table 1 reports the FEC overhead for the UTRAN download cases. The Table contains the results for those reported in TR26.946. However, for verification we regenerated the results with the parameters provided in the table and the methodology provided in Annex A.1. These results match very well with some minor discrepancies. We encourage using the corrected FEC overhead results as the exact simulation methodology is known whereas for the results in TR26.946 not all details of the simulations could be recovered.

In addition, the following parameters are reported:

· The symbol size, T, in bytes

· The total number of symbols required to represent the source data of the object, Kt
· The number of source blocks, Z
· The number of sub-blocks in each source block, N
· The maximum number of symbols to be transported in a single packet, G

The following assumptions are made:

· As indicated in TS26.346, section 7.2.3, the values of N, Z, T and A shall be set such that the sub-block size is less than 256KB
· The example derivation in RFC5053, section 4.2, is used to determine the different parameters with the values Al=4, Kmin=1, Kmax=infinity, and Gmax=10
Table 1 FEC Overhead for UTRAN download cases for the ideal code

	Test Case
	Error conditions
	File size
	Bitrate 
kbit/s
	Overhead

TR26.946
	 [T; Kt; Z; N; G] 
	Corrected FEC Overhead (%)

	UD1
	Low (1% BLER)
	Small (50KB)
	64
	7.0 %
	[456; 113; 1; 1; 1]
	7.1

	UD2
	
	Medium (512KB)
	64
	3.3 %
	[456; 1150; 1; 3; 1]
	3.3

	UD3
	
	Large (3072KB)
	64
	2.4 %
	[456; 6899; 1; 13; 1]
	2.4

	UD4
	Medium (5% BLER)
	Small (50KB)
	64
	21.8 %
	[456; 113; 1; 1; 1]
	22.1

	UD5
	
	Medium (512KB)
	64
	13.0 %
	[456; 1150; 1; 3; 1]
	13.0

	UD6
	
	Large (3072KB)
	64
	11.0 %
	[456; 6899; 1; 13; 1]
	10.7

	UD7
	High (10% BLER)
	Small (50KB)
	64
	39.0 %
	[456; 113; 1; 1; 1]
	38.9

	UD8
	
	Medium (512KB)
	64
	25.8 %
	[456; 1150; 1; 3; 1]
	25.7

	UD9
	
	Large (3072KB)
	64
	22.6 %
	[456; 6899; 1; 13; 1]
	22.6

	UD10
	15% BLER
	Small (50KB)
	64
	56.0 %
	[456; 113; 1; 1; 1]
	56.6

	UD11
	
	Medium (512KB)
	64
	40.5 %
	[456; 1150; 1; 3; 1]
	40.6

	UD12
	
	Large (3072KB)
	64
	36.0 %
	[456; 6899; 1; 13; 1]
	36.0

	UD13
	20% BLER
	Small (50KB)
	64
	76.0 %
	[456; 113; 1; 1; 1]
	76.9

	UD14
	
	Medium (512KB)
	64
	57.0 %
	[456; 1150; 1; 3; 1]
	57.0

	UD15
	
	Large (3072KB)
	64
	52.0 %
	[456; 6899; 1; 13; 1]
	50.5

	UD16
	30% BLER
	Small (50KB)
	64
	130.0 %
	[456; 113; 1; 1; 1]
	129.9

	UD17
	
	Medium (512KB)
	64
	100.0 %
	[456; 1150; 1; 3; 1]
	99.8

	UD18
	
	Large (3072KB)
	64
	92.0 %
	[456; 6899; 1; 13; 1]
	89.3

	UD19
	Low (1% BLER)
	Small (50KB)
	128/256
	7.5 %
	[456; 113; 1; 1; 1]
	8.6

	UD20
	
	Medium (512KB)
	128/256
	3.1 %
	[456; 1150; 1; 3; 1]
	3.1

	UD21
	
	Large (3072KB)
	128/256
	2.1 %
	[456; 6899; 1; 13; 1]
	2.1

	UD22
	Medium (5% BLER)
	Small (50KB)
	128/256
	20.0 %
	[456; 113; 1; 1; 1]
	21.4

	UD23
	
	Medium (512KB)
	128/256
	11.2 %
	[456; 1150; 1; 3; 1]
	11.2

	UD24
	
	Large (3072KB)
	128/256
	8.8 %
	[456; 6899; 1; 13; 1]
	8.8

	UD25
	High (10% BLER)
	Small (50KB)
	128/256
	35.0 %
	[456; 113; 1; 1; 1]
	35.0

	UD26
	
	Medium (512KB)
	128/256
	21.5 %
	[456; 1150; 1; 3; 1]
	21.5

	UD27
	
	Large (3072KB)
	128/256
	17.8 %
	[456; 6899; 1; 13; 1]
	17.8

	UD28
	15% BLER
	Small (50KB)
	128/256
	50.0 %
	[456; 113; 1; 1; 1]
	50.4

	UD29
	
	Medium (512KB)
	128/256
	32.0 %
	[456; 1150; 1; 3; 1]
	32.1

	UD30
	
	Large (3072KB)
	128/256
	28.0 %
	[456; 6899; 1; 13; 1]
	27.7

	UD31
	20% BLER
	Small (50KB)
	128/256
	66.0 %
	[456; 113; 1; 1; 1]
	66.7

	UD32
	
	Medium (512KB)
	128/256
	44.6 %
	[456; 1150; 1; 3; 1]
	43.9

	UD33
	
	Large (3072KB)
	128/256
	38.0 %
	[456; 6899; 1; 13; 1]
	38.5

	UD34
	30% BLER
	Small (50KB)
	128/256
	106.0 %
	[456; 113; 1; 1; 1]
	105.1

	UD35
	
	Medium (512KB)
	128/256
	72.0 %
	[456; 1150; 1; 3; 1]
	73.7

	UD36
	
	Large (3072KB)
	128/256
	66.8 %
	[456; 6899; 1; 13; 1]
	65.9


3.2.3 Download Delivery LTE

The FEC Overhead required for 99 % probability of recovery is computed the Transmission overhead as described in Annex A.1 of this document. Detailed simulation conditions are provided in S4-AHI236.
Table 2 reports the FEC overhead for the LTE download cases.

In addition, the following parameters are reported:

· The symbol size, T, in bytes

· The total number of symbols required to represent the source data of the object, Kt
· The number of source blocks, Z
· The number of sub-blocks in each source block, N
· The maximum number of symbols to be transported in a single packet, G

The following assumptions are made:

· As indicated in TS26.346, section 7.2.3, the values of N, Z, T and A shall be set such that the sub-block size is less than 1 MByte
· The example derivation in RFC5053, section 4.2, is used to determine the different parameters with the values Al=4, Kmin=1, Kmax=infinity, and Gmax=10

Table 2 FEC Overhead required for 99 % probability for LTE download delivery test cases for ideal code

	Test Case
	Error conditions
(tbd)
	File size
	FEC Overhead
	 [T; Kt; Z; N; G] 

	LD1
	iid 1%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD2
	
	Audio (1 MB)
	1.96
	[1288; 815; 1; 2; 1]

	LD3
	
	Clip(3 MB)
	1.51
	[1288; 2443; 1; 4; 1]

	LD4
	
	SD (128 MB)
	1.08
	[1288; 104207; 1; 129; 1]

	LD5
	
	HD(1.8 GB)
	1.03
	[1288; 1500571; 1; 322; 1]

	LD6
	iid 2%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD7
	
	Audio (1 MB)
	3.31
	[1288; 815; 1; 2; 1]

	LD8
	
	Clip(3 MB)
	2.78
	[1288; 2443; 1; 4; 1]

	LD9
	
	SD (128 MB)
	2.15
	[1288; 104207; 1; 129; 1]

	LD10
	
	HD(1.8 GB)
	2.07
	[1288; 1500571; 1; 322; 1]

	LD11
	iid 5%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD12
	
	Audio (1 MB)
	7.24
	[1288; 815; 1; 2; 1]

	LD13
	
	Clip(3 MB)
	6.43
	[1288; 2443; 1; 4; 1]

	LD14
	
	SD (128 MB)
	5.44
	[1288; 104207; 1; 129; 1]

	LD15
	
	HD(1.8 GB)
	5.32
	[1288; 1500571; 1; 322; 1]

	LD16
	iid 10%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD17
	
	Audio (1 MB)
	14.11
	[1288; 815; 1; 2; 1]

	LD18
	
	Clip(3 MB)
	12.81
	[1288; 2443; 1; 4; 1]

	LD19
	
	SD (128 MB)
	11.38
	[1288; 104207; 1; 129; 1]

	LD20
	
	HD(1.8 GB)
	11.20
	[1288; 1500571; 1; 322; 1]

	LD21
	iid 20%


	50 kB
	
	[1288; 40; 1; 1; 1]

	LD22
	
	Audio (1 MB)
	29.57
	[1288; 815; 1; 2; 1]

	LD23
	
	Clip(3 MB)
	27.63
	[1288; 2443; 1; 4; 1]

	LD24
	
	SD (128 MB)
	25.43
	[1288; 104207; 1; 129; 1]

	LD25
	
	HD(1.8 GB)
	25.16
	[1288; 1500571; 1; 322; 1]

	LD26
	Markov 1%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD27
	
	Audio (1 MB)
	
	[1288; 815; 1; 2; 1]

	LD28
	
	Clip(3 MB)
	
	[1288; 2443; 1; 4; 1]

	LD29
	
	SD (128 MB)
	
	[1288; 104207; 1; 129; 1]

	LD30
	
	HD(1.8 GB)
	
	[1288; 1500571; 1; 322; 1]

	LD31
	Markov 2%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD32
	
	Audio (1 MB)
	
	[1288; 815; 1; 2; 1]

	LD33
	
	Clip(3 MB)
	
	[1288; 2443; 1; 4; 1]

	LD34
	
	SD (128 MB)
	
	[1288; 104207; 1; 129; 1]

	LD35
	
	HD(1.8 GB)
	
	[1288; 1500571; 1; 322; 1]

	LD36
	Markov 5%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD37
	
	Audio (1 MB)
	
	[1288; 815; 1; 2; 1]

	LD38
	
	Clip(3 MB)
	
	[1288; 2443; 1; 4; 1]

	LD39
	
	SD (128 MB)
	
	[1288; 104207; 1; 129; 1]

	LD40
	
	HD(1.8 GB)
	
	[1288; 1500571; 1; 322; 1]

	LD41
	Markov 10%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD42
	
	Audio (1 MB)
	
	[1288; 815; 1; 2; 1]

	LD43
	
	Clip(3 MB)
	
	[1288; 2443; 1; 4; 1]

	LD44
	
	SD (128 MB)
	
	[1288; 104207; 1; 129; 1]

	LD45
	
	HD(1.8 GB)
	
	[1288; 1500571; 1; 322; 1]

	LD46
	Markov 20%
	50 kB
	
	[1288; 40; 1; 1; 1]

	LD47
	
	Audio (1 MB)
	
	[1288; 815; 1; 2; 1]

	LD48
	
	Clip(3 MB)
	
	[1288; 2443; 1; 4; 1]

	LD49
	
	SD (128 MB)
	
	[1288; 104207; 1; 129; 1]

	LD50
	
	HD(1.8 GB)
	
	[1288; 1500571; 1; 322; 1]


3.2.4 RTP-based Streaming over UTRAN

For RTP-based streaming delivery, as a suitable measure it was considered to evaluate the maximum supported Media Rate (kbit/s) for Mean Time Between FEC Block Loss of 1 hour. 

For streaming services simulation we assume the following:

· All source RTP packets have the same size: this may not be fully true, but is considered sufficient FEC code evaluation.

· Receiver working memory is large enough to decode the highest bitrate with the longest protection period.

· Total bitrate of source data plus repair is always matched to the bearer rate. Consequently the SDU loss transcript is always the same for a given stream duration and fixed SDU size, only amount of repair and the associated maximum possible streaming rate are changing.
Table 3 reports the supported media rate for MTBF of 1 hour for UTRAN streaming case. The simulation conditions as provided in Annex A.2 of this document are applied. The stream total duration is 24 hours and target Mean Time Between Failure (MTBF) is set to 1 block error per hours. In addition, the MBTF over the source block rate may be reported as well. This translates into a maximum of 24 errors over a 24 hour period.
Again, for verification we regenerated the results with the parameters provided in the table and the methodology provided in Annex A.2. These results match very well with some minor discrepancies. We encourage using the corrected FEC overhead results as the exact simulation methodology is known whereas for the results in TR26.946 not all details of the simulations could be recovered.
A parameter derivation for the symbol T  is provided in TS26.346, section B.4.4.1. However, for simplicity in all cases we have used symbol size T=16 which matches quite well with the recommendation as provided in TS26.346, section B.4.4.1.
In addition, the following parameters shall be reported:

· The symbol size, T, in bytes

· The number of symbols per packet, G

· The source block size K

· The total number of symbols within a protection period, N

Table 3 Maximum supported Media Rate (kbit/s) for 
Mean Time Between FEC Block Loss of 1 hour for UTRAN streaming test cases for ideal code

	Test Case
	Error rates
	Bearer rate
	Protection Period
	Performance
	[T; N; G; K]
	Performance corrected

	US1
	Low (1% BLER)
	Low (64kbit/s)
	5 sec
	56.8
	[16; N; 30; K]
	57.7

	US2
	
	
	20 sec
	60.6
	[16; N; 30; K]
	60.8

	US3
	
	Medium (128kbit/s)
	5 sec
	116.3
	[16; N; 30; K]
	116.8

	US4
	
	
	20 sec
	122.6
	[16; N; 30; K]
	123.0

	US5
	
	High (256kbit/s)
	5 sec
	237.4
	[16; N; 30; K]
	238.4

	US6
	
	
	20 sec
	246.4
	[16; N; 30; K]
	246.8

	US7
	Medium (5% BLER)
	Low (64kbit/s)
	5 sec
	47.4
	
	47.9

	US8
	
	
	20 sec
	54.2
	
	54.1

	US9
	
	Medium (128kbit/s)
	5 sec
	102.2
	
	102.6

	US10
	
	
	20 sec
	112.5
	
	112.1

	US11
	
	High (256kbit/s)
	5 sec
	228.0
	
	208.4

	US12
	
	
	20 sec
	224.5
	
	225.0

	US13
	High (10% BLER)
	Low (64kbit/s)
	5 sec
	39.5
	
	40.4

	US14
	
	
	20 sec
	47.5
	
	47.7

	US15
	
	Medium (128kbit/s)
	5 sec
	88.5
	
	90.6

	US16
	
	
	20 sec
	101.8
	
	102.4

	US17
	
	High (256kbit/s)
	5 sec
	182.0
	
	183.5

	US18
	
	
	20 sec
	201.5
	
	201.9


3.2.5 DASH-based streaming over LTE

The symbol size is equivalent mapped to the RLC-SDU size.
Table 4 Media Bitrate in kbit/s
for Mean Time Between FEC Block Loss of 1 hour for LTE use cases for ideal code

	Test Case
	Error conditions

(tbd)
	Segment
Duration
in seconds
	Bearer 
Bitrate

kbit/s
	Supported
Media Bitrate
	[T; K; N; G] 

	LS1
	iid 1%
	1
	260
	
	

	LS2
	
	1
	1040
	
	

	LS3
	
	4
	260
	
	

	LS4
	
	4
	1000
	
	

	LS5
	iid 2%
	1
	260
	
	

	LS6
	
	1
	1000
	
	

	LS7
	
	4
	260
	
	

	LS8
	
	4
	1000
	
	

	LS9
	iid 5%
	1
	260
	
	

	LS10
	
	1
	1000
	
	

	LS11
	
	4
	260
	
	

	LS12
	
	4
	1000
	
	

	LS13
	iid 10%
	1
	260
	
	

	LS14
	
	1
	1000
	
	

	LS15
	
	4
	260
	
	

	LS16
	
	4
	1000
	
	

	LS17
	iid 20%
	1
	260
	
	

	LS18
	
	1
	1000
	
	

	LS19
	
	4
	260
	
	

	LS20
	
	4
	1000
	
	

	LS21
	Markov 1%
	1
	260
	
	

	LS22
	
	1
	1000
	
	

	LS23
	
	4
	260
	
	

	LS24
	
	4
	1000
	
	

	LS25
	Markov 2%
	1
	260
	
	

	LS26
	
	1
	1000
	
	

	LS27
	
	4
	260
	
	

	LS28
	
	4
	1000
	
	

	LS29
	Markov 5%
	1
	260
	
	

	LS30
	
	1
	1000
	
	

	LS31
	
	4
	260
	
	

	LS32
	
	4
	1000
	
	

	LS33
	Markov 10%
	1
	260
	
	

	LS34
	
	1
	1000
	
	

	LS35
	
	4
	260
	
	

	LS36
	
	4
	1000
	
	

	LS37
	Markov 20%
	1
	260
	
	

	LS38
	
	1
	1000
	
	

	LS39
	
	4
	260
	
	

	LS40
	
	4
	1000
	
	


3.2.6 Implementation-specific Performance Metrics

Obviously, as the ideal code is generally "non-existing", no implementation specific performance metrics are available.
4 MBMS FEC RFC5053

4.1 Description
The code is fully specified in IETF RFC 5053 and is also used in MBMS TS26.346.

Simulation results are mostly available in Annex A of TR26.946. Additional simulation results for non-documented cases are provided below.
4.2 Evaluation Criteria

4.2.1 Code Performance

tbd
4.2.2 Download Delivery UTRAN

The FEC Overhead required for 99 % probability of recovery is computed the Transmission overhead as described in Annex A.1 of this document. Detailed simulation conditions are provided in S4-AHI236.
Table 5 reports the FEC overhead for the UTRAN download cases.

In addition, the following parameters are reported:

· The symbol size, T, in bytes

· The total number of symbols required to represent the source data of the object, Kt
· The number of source blocks, Z
· The number of sub-blocks in each source block, N
· The maximum number of symbols to be transported in a single packet, G

The following assumptions are made:

· As indicated in TS26.346, section 7.2.3, the values of N, Z, T and A shall be set such that the sub-block size is less than 256KB
· The example derivation in RFC5053, section 4.2, is used to determine the different parameters with the values Al=4, Kmin=1024, Kmax=8192, and Gmax=10

Table 5 FEC Overhead for UTRAN download cases for RFC5053

	Test Case
	Error conditions
	File size
	Bitrate 
kbit/s
	Fec Overhead
	 [T; Kt; Z; N; G]

	UD1
	Low (1% BLER)
	Small (50KB)
	64
	8.0 %
	[44; 1164; 1; 1; 10]

	UD2
	
	Medium (512KB)
	64
	3.6 %
	[456; 1150; 1; 3; 1]

	UD3
	
	Large (3072KB)
	64
	2.6 %
	[456; 6899; 1; 13; 1]

	UD4
	Medium (5% BLER)
	Small (50KB)
	64
	22 %
	[44; 1164; 1; 1; 10]

	UD5
	
	Medium (512KB)
	64
	13.4 %
	[456; 1150; 1; 3; 1]

	UD6
	
	Large (3072KB)
	64
	11.2 %
	[456; 6899; 1; 13; 1]

	UD7
	High (10% BLER)
	Small (50KB)
	64
	39.0 %
	[44; 1164; 1; 1; 10]

	UD8
	
	Medium (512KB)
	64
	26.0 %
	[456; 1150; 1; 3; 1]

	UD9
	
	Large (3072KB)
	64
	22.8 %
	[456; 6899; 1; 13; 1]

	UD10
	15% BLER
	Small (50KB)
	64
	56.0 %
	[44; 1164; 1; 1; 10]

	UD11
	
	Medium (512KB)
	64
	41.0 %
	[456; 1150; 1; 3; 1]

	UD12
	
	Large (3072KB)
	64
	37.0 %
	[456; 6899; 1; 13; 1]

	UD13
	20% BLER
	Small (50KB)
	64
	76.0 %
	[44; 1164; 1; 1; 10]

	UD14
	
	Medium (512KB)
	64
	57.0 %
	[456; 1150; 1; 3; 1]

	UD15
	
	Large (3072KB)
	64
	52.0 %
	[456; 6899; 1; 13; 1]

	UD16
	30% BLER
	Small (50KB)
	64
	130.0 %
	[44; 1164; 1; 1; 10]

	UD17
	
	Medium (512KB)
	64
	100.0 %
	[456; 1150; 1; 3; 1]

	UD18
	
	Large (3072KB)
	64
	92.0 %
	[456; 6899; 1; 13; 1]

	UD19
	Low (1% BLER)
	Small (50KB)
	128/256
	8.0 %
	[44; 1164; 1; 1; 10]

	UD20
	
	Medium (512KB)
	128/256
	3.4 %
	[456; 1150; 1; 3; 1]

	UD21
	
	Large (3072KB)
	128/256
	2.2 %
	[456; 6899; 1; 13; 1]

	UD22
	Medium (5% BLER)
	Small (50KB)
	128/256
	21.0 %
	[44; 1164; 1; 1; 10]

	UD23
	
	Medium (512KB)
	128/256
	11.4 %
	[456; 1150; 1; 3; 1]

	UD24
	
	Large (3072KB)
	128/256
	9.0 %
	[456; 6899; 1; 13; 1]

	UD25
	High (10% BLER)
	Small (50KB)
	128/256
	35.0 %
	[44; 1164; 1; 1; 10]

	UD26
	
	Medium (512KB)
	128/256
	21.5 %
	[456; 1150; 1; 3; 1]

	UD27
	
	Large (3072KB)
	128/256
	18.1 %
	[456; 6899; 1; 13; 1]

	UD28
	15% BLER
	Small (50KB)
	128/256
	50.0 %
	[44; 1164; 1; 1; 10]

	UD29
	
	Medium (512KB)
	128/256
	32.1 %
	[456; 1150; 1; 3; 1]

	UD30
	
	Large (3072KB)
	128/256
	28.1 %
	[456; 6899; 1; 13; 1]

	UD31
	20% BLER
	Small (50KB)
	128/256
	66.0 %
	[44; 1164; 1; 1; 10]

	UD32
	
	Medium (512KB)
	128/256
	45.0 %
	[456; 1150; 1; 3; 1]

	UD33
	
	Large (3072KB)
	128/256
	38.2 %
	[456; 6899; 1; 13; 1]

	UD34
	30% BLER
	Small (50KB)
	128/256
	106.0 %
	[44; 1164; 1; 1; 10]

	UD35
	
	Medium (512KB)
	128/256
	72.0 %
	[456; 1150; 1; 3; 1]

	UD36
	
	Large (3072KB)
	128/256
	67.0 %
	[456; 6899; 1; 13; 1]


4.2.3 Download Delivery LTE

The FEC Overhead required for 99 % probability of recovery is computed the Transmission overhead as described in Annex A.1 of this document. Detailed simulation conditions are provided in S4-AHI236.
Table 6 reports the FEC overhead for the LTE download cases.

In addition, the following parameters are reported:

· The symbol size, T, in bytes

· The total number of symbols required to represent the source data of the object, Kt
· The number of source blocks, Z
· The number of sub-blocks in each source block, N
· The maximum number of symbols to be transported in a single packet, G

The following assumptions are made:

· As indicated in TS26.346, section 7.2.3, the values of N, Z, T and A shall be set such that the sub-block size is less than 1 MByte
· The example derivation in RFC5053, section 4.2, is used to determine the different parameters with the values Al=4, Kmin=1024, Kmax=8192, and Gmax=10
Table 6 FEC Overhead required for 99 % probability for LTE download delivery test cases for RFC5053

	Test Case
	Error conditions
(tbd)
	File size
	FEC Overhead
	 [T; Kt; Z; N; G] 

	LD1
	iid 1%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD2
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD3
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD4
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD5
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD6
	iid 2%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD7
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD8
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD9
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD10
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD11
	iid 5%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD12
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD13
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD14
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD15
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD16
	iid 10%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD17
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD18
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD19
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD20
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD21
	iid 20%


	50 kB
	
	[128; 400; 1; 1; 10]

	LD22
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD23
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD24
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD25
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD26
	Markov 1%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD27
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD28
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD29
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD30
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD31
	Markov 2%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD32
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD33
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD34
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD35
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD36
	Markov 5%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD37
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD38
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD39
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD40
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD41
	Markov 10%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD42
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD43
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD44
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD45
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]

	LD46
	Markov 20%
	50 kB
	
	[128; 400; 1; 1; 10]

	LD47
	
	Audio (1 MB)
	
	[644; 1629; 1; 2; 2]

	LD48
	
	Clip(3 MB)
	
	[1288; 2433; 1; 4; 1]

	LD49
	
	SD (128 MB)
	
	[1288;104207; 13; 10; 1]

	LD50
	
	HD(1.8 GB)
	
	[1288;1500571; 184; 11; 1]


4.2.4 RTP-based Streaming over UTRAN

The same algorithm as for the ideal code for RTP-based streaming over UTRAN is applied with KMIN =1024.
	Test Case
	Error rates
	Bearer rate
	Protection Period
	Performance
	[T; N; G; K]

	US1
	Low (1% BLER)
	Low (64kbit/s)
	5 sec
	55.8
	

	US2
	
	
	20 sec
	60.4
	

	US3
	
	Medium (128kbit/s)
	5 sec
	115.5
	

	US4
	
	
	20 sec
	122.4
	

	US5
	
	High (256kbit/s)
	5 sec
	236.2
	

	US6
	
	
	20 sec
	245.7
	

	US7
	Medium (5% BLER)
	Low (64kbit/s)
	5 sec
	46.6
	

	US8
	
	
	20 sec
	53.6
	

	US9
	
	Medium (128kbit/s)
	5 sec
	100.8
	

	US10
	
	
	20 sec
	111.8
	

	US11
	
	High (256kbit/s)
	5 sec
	227.0
	

	US12
	
	
	20 sec
	224.0
	

	US13
	High (10% BLER)
	Low (64kbit/s)
	5 sec
	38.5
	

	US14
	
	
	20 sec
	47.2
	

	US15
	
	Medium (128kbit/s)
	5 sec
	87.5
	

	US16
	
	
	20 sec
	101.2
	

	US17
	
	High (256kbit/s)
	5 sec
	179.5
	

	US18
	
	
	20 sec
	200.5
	


4.2.5 DASH-based streaming over LTE

Results are provided for G=1 and G optimized according to RFC5053.
Table 7 Supported Media Bitrate (SMB) in kbit/s
for Mean Time Between FEC Block Loss of 1 hour for LTE use cases for RFC5053

	Test 

Case
	Error conditions

(tbd)
	Segment
Duration
in seconds
	Bearer 
Bitrate

kbit/s
	SMB

kbit/s

G=1
	[T; K; N; G] 
G=1
	SMB

kbit/s

G=opt
	[T; K; N; G]
G=opt 

	LS1
	iid 1%
	1
	260
	
	
	
	

	LS2
	
	1
	1000
	
	
	
	

	LS3
	
	4
	260
	
	
	
	

	LS4
	
	4
	1000
	
	
	
	

	LS5
	iid 2%
	1
	260
	
	
	
	

	LS6
	
	1
	1000
	
	
	
	

	LS7
	
	4
	260
	
	
	
	

	LS8
	
	4
	1000
	
	
	
	

	LS9
	iid 5%
	1
	260
	
	
	
	

	LS10
	
	1
	1000
	
	
	
	

	LS11
	
	4
	260
	
	
	
	

	LS12
	
	4
	1000
	
	
	
	

	LS13
	iid 10%
	1
	260
	
	
	
	

	LS14
	
	1
	1000
	
	
	
	

	LS15
	
	4
	260
	
	
	
	

	LS16
	
	4
	1000
	
	
	
	

	LS17
	iid 20%
	1
	260
	
	
	
	

	LS18
	
	1
	1000
	
	
	
	

	LS19
	
	4
	260
	
	
	
	

	LS20
	
	4
	1000
	
	
	
	

	LS21
	Markov 1%
	1
	260
	
	
	
	

	LS22
	
	1
	1000
	
	
	
	

	LS23
	
	4
	260
	
	
	
	

	LS24
	
	4
	1000
	
	
	
	

	LS25
	Markov 2%
	1
	260
	
	
	
	

	LS26
	
	1
	1000
	
	
	
	

	LS27
	
	4
	260
	
	
	
	

	LS28
	
	4
	1000
	
	
	
	

	LS29
	Markov 5%
	1
	260
	
	
	
	

	LS30
	
	1
	1000
	
	
	
	

	LS31
	
	4
	260
	
	
	
	

	LS32
	
	4
	1000
	
	
	
	

	LS33
	Markov 10%
	1
	260
	
	
	
	

	LS34
	
	1
	1000
	
	
	
	

	LS35
	
	4
	260
	
	
	
	

	LS36
	
	4
	1000
	
	
	
	

	LS37
	Markov 20%
	1
	260
	
	
	
	

	LS38
	
	1
	1000
	
	
	
	

	LS39
	
	4
	260
	
	
	
	

	LS40
	
	4
	1000
	
	
	
	


4.2.5.1 Implementation-specific Performance Metrics

RFC5053 Raptor is designed to perform software-based encoding and decoding. The different aspects 

· complexity of the decoding algorithm

· memory requirements

· footprint of the code 

have been carefully designed to meet the hardware and software requirements when selecting the code for Release-6 in 2005.

In S4-0500357, section 3 provides some overview on the complexity of the Raptor decoding process. "With very low overhead, decoding a Raptor code requires approximately 18.9 XOR operations per symbol. Each of these requires at least one of its operands to be read from memory. Approximately 8.2 of these 18.9 require both operands to be read from memory. Finally, approximately 9.6 require the result to be written back to memory. The cost in weighted operations of these is:

· XOR operations (including one memory read):

4 x 18.9k = 75.4 k

· Additional memory reads:








4 x 8.2k = 32.9 k

· Memory writes:











4 x 9.6k = 38.2 k

The total weighted operations per symbol word is therefore: 146.6 k"
Due to sub-blocking, Raptor can provide very efficient memory handling. The maximum subblock size in TS26.346 is restricted to 256 kByte.

The footprint for the Raptor library is reported to be in the range of 100-150 kByte where a major part of the memory is dedicated to specifying all 8188 systematic indices.
5 Proposal

It is proposed to include the benchmark code results along with the parameters into the evaluation criteria selection as well as into the draft TR.

It is also proposed to update the simulation conditions with any new information provided in section 2.
Annex A Simulation Conditions 
A.1
Simulation Procedure for download delivery
For file downloads simulations the following assumptions are made:

· All source blocks have the same size, i.e. the size the largest source blocks (this would slightly overestimate FEC overhead but simplifies simulation code)

· The working size memory is 256KB for UTRAN MBMS and 1MB for LTE MBMS

The download procedure is:

· Generate IP packet loss transcripts, one per user, with mapping algorithm according to the access technology and the IP packet size according to the table. The transcript length must be long enough to cover transmission of the biggest file subject to maximum simulated loss and transmission overhead to meet target success rate.

· Using the following as input: file size F, payload size P, receiver memory size WS. Then compute the number of source blocks Z and their size in symbols KT, the number of symbols per packet G (always 1 for Ideal) according to the following schemes per FEC:

· In the case of Ideal code, there is always a single source block with symbol size T=P with a total of K=ceil(F/P) symbols.

· In the case of Raptor, the parameters are computed using Section 9.1 Block Partitioning Algorithm of RFC 5052.

· In case of other codes, the algorithm for computing the different parameters should be provided

· For each user U do

· Encoding symbol index I = 0

· Until all Z source block are received

· For each Z source block

1. Add a received symbol of ESI I for the block if not lost according to lost transcript A for user

2. Move loss transcript pointer to next item

3. If the block is not decoded and number of received symbols is equal or bigger than K*T do:

· Try decoding with the set of received ESIs

· If successful, mark block as decoded, record number of symbols necessary for this block

· I = I + 1

· Find maximum of necessary symbols maxSymbol across Z blocks for user U, report Transmission overhead as (maxSymbol*T *Z/ F) in percent

· Rank all users according to their Transmission overhead

· If X is the target success rate, keep the last (1 – X) * N last users where N is the number of simulated users

· Report Transmission overhead (reported as FEC overhead in TR26.346) of the first user (i.e. with lowest FEC overhead) from remaining users of step 5.
A.2
Simulation Procedure for streaming delivery
The streaming simulation procedure is:
· Select a streaming service with source data rate and stream duration (24 hours)

· Generate IP packet loss transcripts, one per user, with mapping algorithm according to the access technology and the IP packet size according to the table. The transcript length must be long enough to cover transmission of the whole stream duration. 

· Compute number of symbols N per protection period for FEC under consideration (for RFC5053, this is the number of packets if G > 1)

· R = 0, the number of repair symbols

· Loop 1: Until number of segment in error  E is less than target error maxE do:
· K = N – R, where K = number of symbols for block 

· For all segments in stream do:

· For ESI = 0 up to N-1 do:
· If SDU is received according to loss transcript A, record ESI as received

· Try decoding with set of received ESI

· If not successful, E = E + 1

· If E > maxE, R = R + 1, restart Loop 1

· Record last value of K as maxK

· Report maximum streaming rate as (G*K*T*8 / protection period ) where T is the symbol size.
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