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1. Introduction

SA#27 agreed that a decision would be made on the FEC code for MBMS at the next SA meeting, if consensus could not be reached at SA4. In order to support this decision, comparable simulation results for both candidate codes should be provided by SA4 to SA#28. SA also agreed that SA4 delegates should use the Joint RAN4-SA4 Ad Hoc meeting to be held 4-6 April 2005 to clarify their assumptions and simulation approach for MBMS FEC.

This paper proposes simulation parameters and assumptions to be used for these simulations for presentation to S#28. Section 2 below contains discussion and rationale. Section 3 contains a proposal.
2.
Discussion

Simulation parameters and assumptions should be based as far as possible on the agreed simulation guidelines S4-040348. Changes from these guidelines should be considered based on:

- simplification in order to present a manageable but representative comparison to SA

- experience in SA4 since the freezing of those guidelines (> 1 year ago)

- comments from RAN4 experts

This section discusses changes to the guidelines based on the first two points above.

2.1
Objective

The objective of these simulations is to provide information to SA which can be used to (partly) inform a decision between the two candidate FEC codes, a Reed-Solomon based code and Raptor codes. The objective of the simulations is thus not to assess absolute system performance, but to asses the relative performance of the two candidate codes.

It should be noted that the actual radio performance experienced by MBMS users is not known exactly at this time, thus it is not possible to determine precise radio conditions, loss rates, and loss patterns etc. that will be experienced by MBMS receivers.

It is important that the tested loss rates and patterns are wide enough to include those that may be experienced in practice.

2.2
Radio Access Technology

MBMS is supported for both UTRAN and GERAN. Most simulations within SA4 have focused on UTRAN. GERAN aspects are for further study and should be clarified in the PSM Adhoc Meeting.
2.3
Loss rates

Conditions tested must include all those that may be relevant for MBMS. The BLER experienced by an MBMS user depends on many factors, including:

- position in cell (Geometry factor)

- power allocated to the MBMS bearer (Ec/Ior)

- use of combining techniques (soft/selective)
- system level issues such as mobility, etc.

For the purpose of MBMS FEC comparison, the performance for a user at the ‘edge’ of the cell is most relevant. The ‘edge’ of the cell here is defined as the worst conditions (Geometry Factor) for which an operator wishes to offer MBMS service i.e. service is not guaranteed for users with lower Geometry Factors.

The BLER experienced by such a user will then depend on the power allocated to the bearer and use of combining techniques. The first of these is an operator configuration option. At this time, 3GPP cannot determine how operators will choose to configure/dimension their networks for MBMS. As a result, it is necessary to understand the relative performance of the candidate FEC codes across a range of BLER levels.
As a general rule, if there is no consensus on the BLER rates to be considered then the widest proposed range should be considered. This is because delegates at SA plenary can choose to ignore information presented that they do not consider to be relevant whereas they cannot choose to consider information which has not been provided.

2.4
Loss patterns

SA4 simulations to date have been based on random RLC PDU loss patterns, overlayed in some cases with burst outages to simulate cell changes.

In the case of file download, neither FEC code proposed is sensitive to patterns in the packet losses. This can easily be seen from the construction of the codes:

· for the 2D Reed-Solomon code, as presently proposed, packets are sent in random order. Thus any patterns in the packet losses will be fully randomized before decoding takes place.

· for the Raptor code, the construction of each packet is itself random, thus only the quantity of received packets is important, not which particular packet is received (this applies equally to source and repair packets).
It is therefore proposed to continue to use random loss patterns for download simulations.

In the case of streaming, similar arguments apply to each source block. Patterns in the form of long outages as caused by cell changes will have an effect, but the length of the protection period and the amount of protection will have more of an effect on whether such losses can be recovered from than the choice of FEC code.
Thus, random loss patterns should be sufficient to demonstrate the difference between the two codes.
2.5
Bit-rates

2.5.1
Download

Download simulations presented to SA4 have generally focused on 64kbit/s bearers for UTRAN. The relative performance in terms of bandwidth efficiency of the two candidate FEC codes seems unlikely to be affected by the bit-rate for download services and so it is proposed to restrict simulations for presentation to SA#28 to 64kbit/s

2.5.2
Streaming

Streaming simulations have been presented to SA4 with a variety of bit-rates from 64kbit/s to 256kbit/s. The relative performance of the codes is affected by bit-rate since this is one factor which affects the size, in KB, of each protection period.

In order to provide simple comparison points for SA, it is propose to provide results for both a ‘low’ rate (64kbit/s) and a ‘high’ rate (256kbit/s).

2.6
Download-specific parameters

2.6.1
File sizes

In order to illustrate FEC code performance across a range of file sizes, it is proposed to consider a ‘small’, ‘medium’ and ‘large’ file: 50KB, 512KB and 3072KB.

2.7
Streaming-specific parameters

2.7.1
Protection period

In the interests of simplicity, it is proposed to provide results for two protection periods – a ‘short’ protection period of 5s and a ‘long’ protection period of 20s.

2.8
Packet sizes/header compression

Packet size has a significant impact on the loss amplification caused by mapping IP packets into RLC PDUs. The SA4 simulation guidelines make recommendations based on optimization of the relative effects of this loss amplification (lower at smaller packet sizes) and IP header overhead (greater at smaller packet sizes).

If Header Compression is specified as mandatory for MBMS bearers, then we can assume it will certainly be used. In this case IP packet sizes for download and for streaming repair packets should be based on the formula previously agreed in SA4, taking header compression into account. For these purposes it may be sufficient to assume that every IP packet header is compressed to some fixed small size (e.g. 6 bytes).
For streaming source packets, the packet size depends also on the media source. We assume to consider only video streaming applications as this seems to be the most challenging application. It is proposed that it is assumed that media data units are generated with a certain frame rate. We propose to use 10Hz for 64 kbit/s and 15 Hz for 256 kbit/s. The NAL unit size should be determined as the media rate divided by the frame rate. For H.264, it is proposed to assume that NAL Unit fragmentation can be used to ensure that RTP packets are approximately the same size. It is proposed that the NAL unit is fragmented into equally-sized fragments whereby the number of fragments should be as low as possible and none of the fragments should exceed a certain maximum packet size. Note that for each first fragment, an overhead of 1 bytes is added, for each other fragment, 2 bytes are added.
Examples (without ROHC):

1. Channel rate 64 kbit/s, 80ms TTI, Media rate 48 kbit/s, Max fragment size 512 bytes => NAL unit size 48000/(10*8) = 600 bytes => 2 fragments necessary => Fragment 1 has 301 bytes, Fragment 2 has 302 bytes => RTP packet 1 has 313 bytes, RTP packet 2 has 314 bytes

2. Channel rate  256 kbit/s, 40ms TTI, Media rate 216 kbit/s, Max fragment size 768 bytes => NAL unit size 216000/(10*8) = 2700 bytes => 4 fragments necessary => Fragment 1 has 676 bytes, Fragments 2-4 have 677 bytes each => RTP packet 1 has 688 bytes, RTP packet 2, 3 and 4 have 679 bytes

2.9
Simulation outputs

A format for presentation of detailed results in tabular form should be agreed in advance to allow comparison of results at SA4#35.

A simplified format (tabular or graphical) should be agreed to present summary results to SA plenary.
2.9.1
Download
In the simulation approach agreed in the SA4 simulation guidelines, the amount of FEC overhead is varied and the percentage of the user population who can successfully recover the file measured for each value of FEC overhead.
It is proposed that detailed results should be provided showing the percentage of successful users at small increments of FEC overhead. These increments should be whichever is the greater of 1% and the smallest increment allowed by the structure of the code.
The percentage of successful users should be reported for each actual overhead tested. The actual overhead tested is the actual number of repair packets divided by the number of source packets.

For reporting results to SA, it is proposed to report the minimum overhead required for 99% success. This is calculated by considering the simulation with the lowest overhead in which 99% or more of the users were successful. The FEC overhead required for 99% success is then determined by discarding the last 1% of users to complete and thus determining the number of repair packets sent at the point at which the 99th percentile user successfully received the file. The FEC overhead required for 99% is the first overhead amount allowed by the code construction which is greater than or equal to this value.

2.9.2
Streaming

Streaming results should be reported in terms of the Mean Time Between FEC Block Losses – this is the mean time between FEC blocks which could not be fully decoded by the FEC decoder, where an FEC block is one protection period. This shall be calculated as the protection period divided by the FEC block loss probability. This represents the mean time between glitches observed by the user.

For each loss rate and fixed bearer rate, the media rate should be varied (and thus the amount of protection varied) in units of 1kbit/s and the Mean Time Between FEC Block Losses measured. The Mean Time Between FEC Block Losses should be reported for each media rate. 
For reporting results to SA, the media rate at which the Mean Time Between FEC Block Losses was 3600s or greater should be reported. Also, the maximum and minimum tune-in delay for a receiver in good conditions should be reported.
3.
Proposal

3.1
Simulation parameters

	UTRAN Download
	

	
	Bearer rates
	64kbit/s

	
	RLC PDU size
	640 bytes

	
	RLC BLER
	1%, 5%, 10%

	
	RLC block loss pattern
	random

	
	File sizes
	50KB, 512KB, 3072KB

	
	FLUTE payload size
	512 bytes

	
	ROHC
	tbd

	
	IP/UDP header
	tbd

	
	FLUTE header
	12 bytes

	
	FEC overhead
	varied in step sizes not greater than the lowest possible number greater equal 1%

	UTRAN Streaming
	

	
	Bearer rates
	64kbit/s and 256kbit/s

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

1280 bytes (for 256kbit/s bearer)

	
	RLC BLER
	1%, 5%, 10%

	
	RLC block loss pattern
	random

	
	Media rates
	Varied

	
	FEC overhead
	Varied to sum FEC and Media to equal bearer rate by steps of media rates of 1%

	
	Source packet RTP payload size
	64 kbit/s: Media rate/10 Hz, Maximum fragment size 512 bytes
256 kbit/s: Media rate/15 Hz, Maximum fragment size 768 bytes

	
	ROHC
	tbd

	
	IP/UDP/RTP compressed header
	tbd

	
	Source packet FEC payload ID
	2 bytes

	
	Repair packet FEC payload ID
	4 bytes

	
	FEC Symbol size
	RTP payload size plus 12 byte RTP header


3.2
Simulation output
3.2.1
Download

Output format for presentation to SA4:

	File size
	BLER/Packet loss trace filename
	Average IP packet loss rate
	Actual FEC overhead
	%age of successful users

	
	
	
	
	Ideal code
	Raptor
	2D RS

	e.g. 3072KB
	e.g. 10%
	e.g. 17.8%
	e.g. 35%
	e.g. 99%
	e.g. 90%
	e.g. 90%


Output format for presentation to SA:

FEC Overhead required for 99% successful delivery

	Error rates
	File size
	Ideal
	Raptor
	2D RS

	Low (1% BLER)
	Small (50KB)
	
	
	

	
	Medium (512KB)
	
	
	

	
	Large (3072KB)
	
	
	

	Medium (5% BLER)
	Small (50KB)
	
	
	

	
	Medium (512KB)
	
	
	

	
	Large (3072KB)
	
	
	

	High (10% BLER)
	Small (50KB)
	
	
	

	
	Medium (512KB)
	
	
	

	
	Large (3072KB)
	
	
	

	Very high (20% BLER)
	Small (50KB)
	
	
	

	
	Medium (512KB)
	
	
	

	
	Large (3072KB)
	
	
	


3.2.2
Streaming

Output format for presentation to SA4:
	Bearer rate
	BLER/Packet loss trace filename
	Average IP packet loss rate
	Media rate
	Protection Period (s)
	Mean Time Between FEC Block Losses (s)

	
	
	
	
	
	Ideal code
	Raptor
	RS

	e.g. 64kbit/s
	e.g. 10%
	e.g. 17.8%
	e.g. 48kbit/s
	20s
	7200s
	3600s
	3600s


Output format for presentation to SA:

Supported Media Rate for high quality playout

	Error rates
	Bearer rate
	Ideal
	Raptor
	2D RS

	Low (1% BLER)
	Low (64kbit/s)
	
	
	

	
	High (256kbit/s)
	
	
	

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

	
	High (256kbit/s)
	
	
	

	High (10% BLER)
	Low (64kbit/s)
	
	
	

	
	High (256kbit/s)
	
	
	

	Very high (20% BLER)
	Low (64kbit/s)
	
	
	

	
	High (256kbit/s)
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