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1. Introduction
One objective of current work item EMM is to improve the reliability of streaming and download services delivery over MBMS [1]. This requires comparison of the proposed codes. This document recommends how evaluate code performance and overhead.
2. Overhead Evaluation Procedure for Erasure Channel
Data to be transmitted is partitioned into K symbols.  These K symbols are used to generate N total symbols to be transmitted, where N>=K.  Typically, N is set by a network operator based on the maximum amount of overhead that can be tolerated.  The N symbols are transmitted through an erasure channel with erasure probability Pe (on the FEC symbol level).  The erasure channel is IID and it operates on the data symbol by symbol.  The IID erasure channel is illustrated in Figure 1 and Figure 2.  Successful decoding requires at least K symbols to be received, but in some cases additional received symbols may be necessary.   Denote the number of symbols received in excess of K to be O.  The decoding failure probability distribution is a function of O and is given as P(O)=Pr{decoding with O overhead symbols or less fails}.   
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Figure 1: Illustration of the IID erasure channel.  Data is passed through the channel with probability   1-Pe, and erased with probability Pe.
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Figure 2: Data is passed through the IID erasure channel, with erasure probability of Pe.  Data is delivered to the decoder in the order in which it was transmitted.

The transmit overhead describes the number of symbols that need to be transmitted for successful decoding.  Define the number of transmitted symbols as TX, where by necessity 0<=TX<=N.  The decoding failure probability distribution is a function of TX and is given as P(TX)=Pr{decoding with TX transmit symbols or less fails}.

1. Fix K, the number of encoded symbols

2. Fix N, the maximum number of symbols (systematic or repair) to be transmitted

3. Use an Erasure Channel with probability of error Pe for each symbol.  [IID Pe=5% or 10%]
4. Loop over 5 to 10 for N_iterations=10,000

5. Set O= -1 and TX= -1

6. Set Number_of_received_symbols=0
7. While (Number_of_received_symbols<K)
a. If (TX+1>N)
i. Note the case as “undecodable”

ii. Goto 5
b. TX=TX+1

c. Transmit a symbol through the Erasure Channel.  If the symbol is delivered by the Erasure Channel
i. Number_of_received_symbols=Number_of_received_symbols+1
8. Attempt to Decode with the received symbols
9. If decoding is not successful
a. If(TX+1>N)

i. Note O and that the case was “undecodable”

ii. Goto 5
b. TX=TX+1

c. Transmit a symbol through the Erasure Channel.  If the symbol is delivered by the Erasure Channel
i. O=O+1

d. Goto 8
10. If decoding is successful

a. Note TX and O

b. Goto 5
11. Compare code performance in range of 100% to 1% probability of Application layer failure

a. Compare P(O), where P(i)=(number of test cases where O>=i) / (N_iterations) 
In this way, code performance is compared in a realistic manner in which there is a maximum number of possible transmit symbols.  Additionally, the decoder receives data in the order in which it is transmitted.
2.1 Test Cases
The following test cases are determined for the purpose of evaluating the code performance. 
Table 1 Test Cases for Code Performance

	Number
	K
	N
	Channel
	Max TX overhead

	CP1
	32
	39
	IID Pe=5%
	20%

	CP2
	128
	154
	IID Pe=5%
	20%

	CP3
	256
	282
	IID Pe=5%
	10%

	CP4
	1024
	1127
	IID Pe=5%
	10%

	CP5
	8192
	9012
	IID Pe=5%
	10%

	CP6
	32
	45
	IID Pe=10%
	40%

	CP7
	128
	180
	IID Pe=10%
	40%

	CP8
	256
	308
	IID Pe=10%
	20%

	CP9
	1024
	1229
	IID Pe=10%
	20%

	CP10
	8192
	9831
	IID Pe=10%
	20%


2.2 Performance Metrics

For each of the above test cases the following performance metrics shall be reported for N_iterations=10,000:
· The probability that decoding is not successful with O = i symbols, Pf(O=i), where i=[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, ceil(0.1*K), ceil(0.2*K)]. (0.2*K would not apply to CP3, CP4, and CP5.)
· The probability that decoding is not successful Pf(undecodable).
3. Conclusion
 This document proposes how to compare FEC performance using an erasure channel.
4. Proposal

It is proposed to add the code performance evaluation in section 2 to the MBMS FEC selection.
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