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1.
Introduction

This contribution proposes to include material from the FEC evaluation exercise carried out in 2004/2005 as an Annex to TR 26.946. 

Simulation parameters and results are taken from S4-050424 which was the final report from SA4 to SA plenary on the subject of FEC.
It may be appropriate to remove the “Ideal” column from these tables.
2. Proposal

*********************** Start of Changes ************************

Annex X: MBMS Forward Error Correction Performance

This annex provides details of the performance of the MBMS Forward Error Correction code which can be used in dimensioning MBMS services.

X.1
Theoretical performance

The theoretical performance of the MBMS FEC code depends on the amount of data received by the terminal. If less data has been received than the size of the file or block to which FEC protection has been applied then recovery of the original data is obviously impossible. If an amount of data has been received which is not less than the size of the file or block then recovery may be possible.

As a general rule, if at least one source packet has been lost and if an amount of data has been received which is 1% greater than the source size, then the probability of recovery is around 99.9% or greater. If an amount of data has been received which is 2% greater than the source size then the probability of recovery is 99.9999% or greater.

In practice, the recovery probabilities are often higher than these figures, in particular when the number of FEC encoding symbols in the block is large.

X.2
Simulation results

This section provides results of simulations which were carried out during the development of TR26.346. These results may be used as guidelines for the provisioning of MBMS services. In general, provisioning should be based on first determining the available resources for the MBMS service and the coverage required. The service should then be dimensioned to provide acceptable quality of service at the edge of the coverage area.
It should be noted that as discussed in Section 6.1.4, the IP packet loss rate may be quite sensitive to the chosen SDU size. Therefore care should be taken when using the figures presented here with SDU sizes, or other configuration parameters, which differ significantly from those used for the simulations.

X.2.1
Simulation Conditions and assumptions (UTRAN)

	UTRAN Download
	

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

	
	RLC PDU size
	640 bytes, 1280 bytes, 1280 bytes respectively

	
	RLC BLER
	1%, 5%, 10% (required), 15%, 20%, 30% (optional)

	
	RLC block loss pattern
	Independent random loss

	
	Number of trials
	At least 10,000 for files <= 512KB, 3,000 for 3072KB

	
	File sizes
	50KB, 512KB, 3072KB

	
	FLUTE payload size
	456 bytes

	
	ROHC
	No

	
	IPv4/UDP header
	28 bytes

	
	FLUTE header
	16 bytes

	
	FEC overhead
	Varied in steps of X packets, where X=ceil(0.005N) and N is the number of packets containing source data 

	UTRAN Streaming
	

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

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

1280 bytes (for 128kbit/s bearer)

1280 bytes (for 256kbit/s bearer)

	
	RLC BLER
	1%, 5%, 10% (required), 15%, 20%, 30% (optional)

	
	RLC block loss pattern
	Independent random loss

	
	Simulation duration
	24 hours

	
	Media rates
	Varied by steps of 1% of bearer rate, assuming only a single media stream1

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

	
	Protection period
	5s, 20s

	
	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.

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


X.2.2 Simulation Conditions and Assumptions (GERAN)

	GERAN Download
	

	
	Bearer rates
	28.8kbit/s, 59.2kbit/s, 118.4kbit/s

	
	RLC PDU size
	 36 bytes, 74 bytes, 74 bytes respectively

	
	RLC BLER
	for 28.8 kbit/s 0.1%

for 59.2kbit/s : 0.5%

for 118 kbit/s: 1%, 10%

	
	RLC block loss pattern
	Independent random loss

	
	Number of trials
	At least 10,000 for files <= 512KB, 3,000 for 3072KB

	
	File sizes
	50KB, 512KB, 3072KB

	
	FLUTE payload size
	456 bytes, (for 10% BLER at 118.4 kbps also simulate a case with 146 bytes payload)

	
	ROHC
	No

	
	SNDCP/LLC/IPv4/UDP header
	38 bytes

	
	FLUTE header
	16 bytes

	
	FEC overhead
	Varied in steps of X packets, where X=ceil(0.005N) and N is the number of packets containing source data 

	GERAN Streaming
	

	
	Bearer rates
	28.8kbit/s, 59.2kbit/s and 118.2 kbit/s

	
	RLC PDU size
	36 bytes, 74 bytes, 74 bytes, respectively

	
	RLC BLER
	for 28.8 kbit/s 0.1%

for 59.2kbit/s : 0.5%

for 118 kbit/s: 1%, 10% 

	
	RLC block loss pattern
	Independent random loss

	
	Simulation duration
	24 hours

	
	Media rates
	Varied by steps of 1% of bearer rate, assuming only a single media stream1

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

	
	Source packet RTP payload size
	456 bytes (for 10% BLER at 118.4 kbps also simulate a case with 146 bytes payload)

	
	Repair packet RTP payload size
	Minimum value supported by the FEC code which is not less than 470 bytes (for 10% BLER at 118.4 kbps also simulate a case with 160 bytes payload) 2

	
	Protection period
	5s, 20s

	
	ROHC
	No

	
	SNDCP/LLC/IPv4/UDP/RTP header
	50


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.

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


X.2.3 Simulation Results: UTRAN Download

FEC Overhead required for 99% probability of recovery at specific BLER points

64kbit/s

	Error rates
	Power required
(G=-3dB1)
	Power required
(G=-6dB2)
	File size
	Ideal

(%)
	Raptor

(%)

	Low (1% BLER)
	2.0%
	4.5%
	Small (50KB)
	7.0
	8.0

	
	
	
	Medium (512KB)
	3.3
	3.6

	
	
	
	Large (3072KB)
	2.4
	2.6

	Medium (5% BLER)
	1.8%
	3.9%
	Small (50KB)
	21.8
	22

	
	
	
	Medium (512KB)
	13.0
	13.4

	
	
	
	Large (3072KB)
	11.0
	11.2

	High (10% BLER)
	1.7%
	3.7%
	Small (50KB)
	39.0
	39.0

	
	
	
	Medium (512KB)
	25.8
	26.0

	
	
	
	Large (3072KB)
	22.6
	22.8

	15% BLER
	n/a
	n/a
	Small (50KB)
	56.0
	56.0

	
	
	
	Medium (512KB)
	40.5
	41.0

	
	
	
	Large (3072KB)
	36.0
	37.0

	20% BLER
	n/a
	n/a
	Small (50KB)
	76.0
	76.0

	
	
	
	Medium (512KB)
	57.0
	57.0

	
	
	
	Large (3072KB)
	52.0
	52.0

	30% BLER
	n/a
	n/a
	Small (50KB)
	130.0
	130.0

	
	
	
	Medium (512KB)
	100.0
	100.0

	
	
	
	Large (3072KB)
	92.0
	92.0


Notes:

1
This corresponds to ~90% of users assuming uniform distribution of users

2
This corresponds to ~99% of users assuming uniform distribution of users


FEC Overhead required for 99% probability of recovery at specific BLER points

128kbit/s and 256kbit/s

	Error rates
	Power required
(G=-3dB1)

128 kbit/s

256 kbit/s
	Power required
(G=-6dB2)

128 kbit/s

256 kbit/s
	File size
	Ideal

(%)
	Raptor

(%)

	Low (1% BLER)
	4.0%

7.9%
	8.9%

19.3%
	Small (50KB)
	7.5
	8.0

	
	
	
	Medium (512KB)
	3.1
	3.4

	
	
	
	Large (3072KB)
	2.1
	2.2

	Medium (5% BLER)
	3.7%

7.1%
	7.8%

16.0%
	Small (50KB)
	20.0
	21.0

	
	
	
	Medium (512KB)
	11.2
	11.4

	
	
	
	Large (3072KB)
	8.8
	9.0

	High (10% BLER)
	3.4%

6.8%
	7.2%

14.8%
	Small (50KB)
	35.0
	35.0

	
	
	
	Medium (512KB)
	21.5
	21.5

	
	
	
	Large (3072KB)
	17.8
	18.1

	15% BLER
	n/a
	n/a
	Small (50KB)
	50.0
	50.0

	
	
	
	Medium (512KB)
	32.0
	32.1

	
	
	
	Large (3072KB)
	28.0
	28.1

	20% BLER
	n/a
	n/a
	Small (50KB)
	66.0
	66.0

	
	
	
	Medium (512KB)
	44.6
	45.0

	
	
	
	Large (3072KB)
	38.0
	38.2

	30% BLER
	n/a
	n/a
	Small (50KB)
	106.0
	106.0

	
	
	
	Medium (512KB)
	72.0
	72.0

	
	
	
	Large (3072KB)
	66.8
	67.0



X.2.4 Simulation Results UTRAN Streaming

Maximum supported Media Rate (kbit/s) for Mean Time Between FEC Block Loss of 1 hour

	Error rates
	Bearer rate
	Ideal
	Raptor

	Low (1% BLER)
	Low (64kbit/s)
	5s: 56.8

20s: 60.6
	5s: 55.8

20s: 60.4

	
	Medium (128kbit/s)
	5s: 116.3

20s: 122.6
	5s: 115.5

20s: 122.4

	
	High (256kbit/s)
	5s: 237.4

20s: 246.4
	5s: 236.2

20s: 245.7

	Medium (5% BLER)
	Low (64kbit/s)
	5s:  47.4

20s: 54.2
	5s: 46.6

20s: 53.6

	
	Medium (128kbit/s)
	5s: 102.2

20s: 112.5 
	5s: 100.8

20s: 111.8

	
	High (256kbit/s)
	5s: 228.0

20s: 224.5
	5s: 227.0

20s: 224.0

	High (10% BLER)
	Low (64kbit/s)
	5s: 39.5

20s: 47.5
	5s: 38.5

20s: 47.2

	
	Medium (128kbit/s)
	5s: 88.5

20s: 101.8
	5s: 87.5

20s: 101.2

	
	High (256kbit/s)
	5s: 182.0

20s: 201.5
	5s: 179.5

20s: 200.5



X.2.5 Simulation Results GERAN Download

FEC Overhead required for 99% probability of recovery at specific GERAN operation points

	Operation Points
	File size
	Ideal

(%)
	Raptor

(%)

	Low Bitrate (CS3)

0.1% BLER

28.8 kbit/s
	Small (50KB)
	4.7
	5.3

	
	Medium (512KB)
	2.4
	2.7

	
	Large (3072KB)
	1.8
	2.1

	Medium Bitrate (MCS-6)

0.5% BLER

59.2 kbit/s
	Small (50KB)
	9.4
	9.7

	
	Medium (512KB)
	5.6
	5.9

	
	Large (3072KB)
	4.6
	4.7

	High Bitrate (MCS-9)

1% BLER

118.4 kbit/s
	Small (50KB)
	16.0
	16.0

	
	Medium (512KB)
	10.6
	10.8

	
	Large (3072KB)
	9.2
	9.3

	High Bitrate and High Error Rate (MCS-6)

10% BLER, 146 byte packet payload

118.4 kbit/s
	Small (50KB)
	60
	60

	
	Medium (512KB)
	51.5
	51.5

	
	Large (3072KB)
	49.2
	52.0


* 440 byte payloads, according to Raptor specification recommendations.


X.2.6 Simulation Results GERAN streaming

Maximum supported Media Rate for Mean Time Between FEC Block Loss of 1 hour

	Operation Points
	Ideal
	Raptor

	Low Bitrate (CS3)

(0.1% BLER)

28.8 kbit/s
	5s: 24.9 kbit/s

20s: 26.6 kbit/s
	5s: 24.4 kbit/s

20s:26.2 kbit/s 

	Medium Bitrate (MCS-6)

(0.5% BLER)

59.2 kbit/s
	5s: 51.1kbit/s

20s: 54.6 kbit/s
	5s: 50.4 kbit/s

20s: 54.2 kbit/s

	High Bitrate (MCS-9)

(1% BLER)

118.4 kbit/s
	5s: 99.5 kbit/s

20s: 104.5 kbit/s
	5s: 98.2 kbit/s

20s: 104.2 kbit/s

	High Bitrate and High Error Rate (MCS-6)

10% BLER, 146 byte packet payloads

118.4 kbit/s
	5s: 66.5 kbit/s

20s: 72.5kbit/s
	5s: 66.4 kbit/s

20s: 72.3 kbit/s


*********************** End of Changes ************************
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