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Introduction
A work item on “Enhancement to FEC for MBMS” in SP-110555 has been approved during SA#53. 
This document proposes evaluation and selection criteria related to the structure of source block for an application layer FEC for MBMS. The concrete proposal is provided in clause 4. 

Evaluation Criteria of Source Block Structure
Introduction
According to a generic mechanism for applying MBMS Forward Error Correction (FEC) defined in TS26.346, its first component is the construction of an FEC source block from the source packets belonging to one or several UDP packet flows. 
This clause addresses the importance of efficient construction of the FEC source block. Note that the terminology used in the description of the FEC framework and scheme is aligned with what is defined in TS26.346 Annex B.1.1
FEC Encoding
A conceptual FEC encoding process for source data is depicted in Figure 1. The FEC encoding process begins by creating a source block, more precisely, a source block builder in Figure 1 generates a source block from an ordered sequence of source packets (or source data) to be protected. 
After constructing the source block, the source block builder passes source symbols to the FEC encoder as the input. Here, source symbol is a unit of data within a source block upon which the FEC scheme operates. It is clear that the form of source symbols is determined by the operation of the source block builder. Furthermore, for given source packets, the number of source symbols, namely K, can differ depending on the operation. 
The FEC encoder generates the desired amount of encoding symbols from the source symbols. In the case of a systematic FEC scheme, the encoding symbols consist of K source symbols and NR repair symbols. These repair symbols may be sent using the FEC repair packet format to the receiver.
Note that this FEC encoding is applied to each source block independently. 

Figure 1 Conceptual Process for FEC Encoding

Efficiency of Source Block Structure
From an FEC viewpoint, the coding rate K/(K + NR) is closely related to robustness of source data protection. For example, assuming that K’ < K, it is clear that K’/(K’ + NR) is smaller than K/(K + NR) for fixed NR. Therefore, if the source block builder generates K’ source symbols from the source data (or source packets), they can be more robustly protected. Note that if the number of repair symbols, NR, is fixed for the given source data, the overhead is not changed since the overhead is defined as the extra encoding data beyond “the size of the source data”, not the number of source symbols, K. 
In other words, since repair packets fewer than NR are needed to get the same protection level with the case of coding rate K/(K + NR), the number of repair packets required for recovery of source data can be reduced.
Moreover, a well-designed FEC scheme allows the recovery of the original K source symbols from any K + A of the encoding symbols with high probability, where A is a small positive integer. Therefore, if the number of source symbols is reduced to K’, we may need a smaller number of encoding symbols to recover source data, namely K’+ A. As a result, the decoding complexity and latency to recover the source data can be reduced.
In summary, if the source block builder creates source symbols as few as possible for given source data (or source packets) and source symbol size, the FEC scheme can provide more robust protection level without additional overhead. Furthermore, the decoding complexity can be reduced.
For this reason, a construction method of source block should be regarded as an important factor of efficient system. To measure the efficiency of source block, we propose a simple criterion as follows:




It is clear that the smaller K’(T) is, the larger ESB(T) is. Therefore, a larger ESB(T) means that the relevant source block is better constructed in terms of robustness and decoding complexity. 
Simulation Condition
Source Packet Block (SPB) Generation
An SPB means a block of source packets which are inputted to “Source Block Builder” to generate K source symbols in Figure 1 and its size (in bytes) is defined as Bs. As source packets are belonging to one or several UDP packet flows, source packets are assumed as UDP payloads with variable size. 
For simulation purpose, SPBs are generated under following conditions and restriction.
1. The maximum size (in bytes) of source packets, Smax is restricted to 1024 and the minimum size, Smin is restricted to 32.
2. Each SPB consists of source packets which the size (in bytes) of each source packet is randomly selected from Smin up to Smax.

Test Cases
The following test cases are determined for the purpose of evaluating efficiency of Source Block construction.
Table 1 Test Cases for Efficiency of Source Block Construction
	Number
	Source Symbol Size T (in bytes)
	The number of Source Packets for an SPB (SPBL)

	ESB1
	1024
	100

	ESB2
	
	400

	ESB3
	
	800

	ESB4
	512
	100

	ESB5
	
	400

	ESB6
	
	800

	ESB7
	256
	100

	ESB8
	
	400

	ESB9
	
	800

	ESB10
	128
	100

	ESB11
	
	400

	ESB12
	
	800



Performance Metric
For each of the above test cases the following performance metrics shall be reported.
[bookmark: _Ref181193660]Table 2 Reporting format for for Efficiency of Source Block Construction
	Number
	ESB
	Report 
[K; K’; Bs/SPBL] values

	ESB1
	
	

	ESB2
	
	

	ESB3
	
	

	ESB4
	
	

	ESB5
	
	

	ESB6
	
	

	ESB7
	
	

	ESB8
	
	

	ESB9
	
	

	ESB10
	
	

	ESB11
	
	

	ESB12
	
	



Selection of Source Block Structure
Introduction
The purpose of this document is definitely clear. We propose a criterion to select an efficient structure of source block for an application layer FEC for MBMS. 

However, if we select the structure based on only one condition, namely efficiency of source block defined in sub-clause 2.3, the selected structure may induce a negative effect to system. Therefore, we need another selection criterion for avoiding the wrong choice. 
Selection Criteria
To avoid the wrong choice of source block structure, a candidate structure shall satisfy the following requirements:
i) The candidate structure shall not induce a degradation of the decoding performance, as compared with the existing structure in MBMS.
ii) Each original packet does not have to be placed itself in the source block. But, in this case, the information on how to recover the source block at the receiver side shall be provided. 
iii) 
If two candidate structures have the same value of , the one with relatively more functionalities shall be selected. 
iv) The candidate structure with a negative effect may be acceptable only if it gives another benefit and all participants agree with its necessity. 
For example of requirement iv), assume that the candidate structure needs to transmit additional information different from source data for the decoding of the source block. Then, the candidate structure induces a decrease of bandwidth efficiency. Nevertheless, it can be acceptable if it provides an obvious benefit and all participants agree with its necessity.
To select the best source block structure, the efficiency of source block ESB(T) defined in sub-clause 2.3 shall be applied. If one structure has a highest value of ESB(T) on the assumption that it satisfies the above requirements, it shall replace the existing structure of source block in MBMS. 

Conclusion
It is proposed to use the evaluation and selection criteria in clauses 2 and 3 for the selection of the source block structure for an application layer FEC for MBMS.
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