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1 Introduction
This document is an update to document S4-130911, S4-131189, and S4-AHI424 focussing on the repair protocol based on the architecture introduced in S4-140034. 
2 Object-based FEC Framework

2.1 Introduction

The delivery objects and bundles of delivery objects delivered with the protocol above may be protected with FEC. The base protocol as defined in S4-140034 avoids including any FEC-specific signalling. 

However, in the backward-compatible mode, the signalling is still based on the FEC scheme.

In this section an FEC framework is defined that enables FEC protection of individual or bundles of objects when using the protocol defined in S4-130035. 

The FEC framework uses concepts of the FECFRAME work as defined in RFC6363 as well as the FEC building block RFC 5052 of FLUTE/ALC/LCT.

The FEC design adheres the following principles 

· FEC-related information is provided only where needed.

· Receivers not capable of this framework can ignore repair packets.
· The FEC is symbol-based with fixed symbol size per protected repair flow. The ALC protocol and existing FEC schemes can be reused.

· A repair flow provides protection of objects of one or more collection of objects.

The FEC specific components of the FEC Framework are:
· FEC repair flow declaration including all FEC specific information. 

· FEC object that is defined as a protected contiguous byte range of a delivery object or the delivery object itself.
· FEC transport object which is the concatenation of an FEC object with its size information in order to form a symbol-aligned chunk of data.

· FEC super object that is the concatenation of multiple FEC transport objects in order to bundle FEC transport objects for FEC delivery.
· FEC protocol and packet structure.
A receiver needs to be able to recover source objects from repair packets based on available FEC information.

2.2 FEC Protocol

2.2.1 Introduction

This section specifies the protocol elements for the FEC Framework. Five components of the protocol are defined in this document and are described in the following sections:

1. FEC Object construction
2. FEC Transport Object construction

3. Super-object construction as concatenation of FEC Transport Objects

4. TOI mapping

5. Repair packet generation

The operation of the FEC Framework is governed by Repair Flow definition as defined in section 2.2.

Figure 1 shows the FEC packet generation based on one or multiple delivery objects.
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Figure 1 FEC Packet Generation
2.2.2 FEC Object construction

An FEC object is a full delivery object or a continuous byte range of an object. In order to identify an FEC object the following information is needed:

· source TOI

· associated byte range of the object, i.e. start byte and object size
2.2.3 FEC Transport Object construction

For each FEC object, the FEC transport object comprises of the FEC object itself, padding octets and the FEC object size F in octets, where F is carried in a 4 octet field. The FEC transport object size S, in symbols, shall be an integer multiple of the symbol size T. 

The FEC transport object size S in units of symbols is determined from the session information and/or the repair packet headers.

F is carried in the last 4 octets of the FEC transport object.

Specifically, let 

· F be the size of the FEC object in octets

· F be the F octets of data of the source object
· f denote four octets of data carrying the value of F in network octet order (high order octet first)

· S be the size of the FEC transport object with S=ceil((F+4)/T.

· P be S*T-4-F zero octets of data, i.e. padding placed between the source object and the value of F at the end of the FEC transport object
· O be the concatenation of F, P and f 
O then constitutes the FEC transport object of size S*T octets. Note that padding octets and the object size F are NOT sent in source packets of source object, but are only part of FEC transport object that FEC decoding recovers.  Hereafter, the TOL of a source object is used to refer to the size in symbols of the FEC Transport Object corresponding to the source object.  Thus, in the above context, the TOL of the source object is S.

Figure 1 shows an example with S=3.
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Figure 2 Transport Object Construction (Example with S = 3)
The information that needs to be collected on this level is the associated FEC object, i.e. the sourceTOI and the associated byte range. However, as the size of the object is provided in the appended field, the information is:

· sourceTOI,
· start byte within delivery object for this FEC transport object, SB
· the size of the FEC transport object in octets F referred to as TOL
2.2.4 Super-Object and FEC repair for source objects
From the Repair flow declaration, the construction of a super-object as the concatenation of different transport objects can be determined. The super-object includes then information about the FEC transport objects to be protected as well as their size, as well as the order of the FEC transport objects within the super-object.

Let

· Let N be the total number of FEC objects for the super-object construction, 

· For i = 0,…,N-1, let S[i] be the TOL for FEC object i.

· B be the super-object which is the concatenation of the FEC Transport objects in order, which is comprised of K = sum (i=0) (N-1) S[i] source symbols.
For each super-object the included FEC objects need to be identified and the concatenation of the FEC objects. This requires the following information for each super object:

· The total number of FEC objects N

· For each FEC object, the 

· sourceTOI,

· start byte within delivery object for this FEC transport object, SB

· the size of the FEC transport object in octets F referred to as TOL

The carriage of the information is discussed below.
2.2.5 Repair Packet Structure 
The repair protocol is based on Asynchronous Layered Coding (ALC) as defined RFC 5775 and the LCT Layered Coding Transport (LCT) Building Block as defined in RFC 5651 with the following details:

· The Layered Coding Transport (LCT) Building Block as defined in RFC 5651 is used as defined in Asynchronous Layered Coding (ALC), section 2.1. In addition, the following constraints apply:

· The TSI in the LCT header shall be set according to which repair flow this packet applies as defined in the RepairFlow.SDPParameter@tsi attribute.

· The first bit of the SPI shall be set to 1, i.e. it indicates a repair packet.

· FEC configuration information may be carried in LCT extension headers.
· The FEC building block is used as is according to RFC5053/6330, but only repair packets should be delivered 

· Each repair packet within the scope of the repair flow (as indicated by the TSI field in the LCT header) shall carry the appropriate repair TOI. The repair TOI shall be unique for each super-object that is created.
· The Session description information is communicated through the SDP parameters SDPParameter.

2.2.6 Summary FEC Information
For each super-object (identified by a unique TOI in the LCT header) that is generated the following information needs to be communicated to the receiver:
· The FEC configuration

· FEC encoding ID

· FEC OTI

· addition FEC information

· The total number of FEC objects included in the superobject, N

· For each FEC object, the 

· sourceTOI,

· start byte within delivery object for this FEC transport object, SB, if applicable
· the size of the FEC transport object in octets F referred to as TOL
This information may be delivered 

· statically in the RepairFlow declaration

· dynamically in an LCT extension header

· as a combination of the above, potentially by the usage of templates, etc.

2.3 FEC Repair Flows Declaration

2.3.1 General

In MBMS User Services, a repair flow declaration may be included as a fragment of a bundle description or a use service description. 

As part of the repair flow declaration, a repair flow identifier is provided for the repair flow in the @tsi attribute, and all repair flows shall be declared to be of type.  The combination of the IP address, the port and the repair flow identifier provide a unique identifier amongst all flows within a user service. Note that an IP/port combination may carry different FEC repair data as well as source data. In this case, the data is differentiated by the different code point values in the LCT header.

The repair flow declaration indicates the pattern of source objects from source flows that are to be protected by the repair flow.  

2.3.2 Semantics

The semantics are provided in Table ZZ.
NOTE: the semantics are aligned with the FEC Repair Stream Description of the MBMS Streaming Framework defined in TS26.346. The definition in TS26.346 is using SDP, but here XML-based signaling is assumed. 

Table ZZ — Repair Flow Semantics
	Element or Attribute Name
	Use
	Description

	RepairFlow
	
	defines a repair flow in session

	
	@tsi
	OD
default: 0
	specifies the TSI to which this repair flow is assigned to in the LCT header in the session

	
	@sessionDescription
	M

	references the session description that contains the Repair Flow. The SDP parameters are defined in section Error! Reference source not found..

	
	FECParameters
	
	FEC Parameters (better structuring may be suitable necessary) 

	
	
	@fecEncodingId
	M
	specifies the applied FEC scheme.

	
	
	@maximumDelay
	O
	specifies the maximum delivery delay between any source packet in the source flow and the repair flow.

	
	
	FECOTI
	1
	specifies the FEC Object Transmission Information (FEC OTI) as defined in RFC 5052. FEC OTI corresponds to FEC related information associated with an object as well as FEC information associated with the encoding symbols of the object is to be included within this declaration and applies to all repair packets with the repair flow.

	
	
	ProtectedObject
	0 ... N
	specifies the source flow that are protected by the this Repair Flow and the details on how the protection is done.

If no element is present, it is identical as if no attribute in the element is present, i.e.

· the source flow is contained in the same session as the repair flow.
· the source flow is signaled with the same code point as the repair flow. In this case the packets are differentiated by the PSI flag in the LCT header.
· the source TOI is the same as the repair TOI.
· the size of each FEC Transport Object shall be provided in the repair packets using the EXT_TOL header.

	Legend:

For attributes: M=Mandatory, O=Optional, OD=Optional with Default Value, CM=Conditionally Mandatory.

For elements: <minOccurs>…<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @


Table ZZ — Protected Object Bundle
	Element or Attribute Name
	Use
	Description

	ProtectedObject
	
	defines how certain source objects of a collection of objects are included in the repair flow

	
	@sessionDescription
	O

	references the session description that contains the Source Flow. If not present, the source flow is contained in the same session as the repair flow.

	
	@tsi
	O
	specifies transport session identifier for the source flow to be protected. If not present, the source flow is signaled with the same tsi/code point as the repair flow. In this case the packets are differentiated by the SPI flag in the LCT header.

	
	@sourceTOI
	O
	specifies the TOI of the source object as a mapping of the TOI included in the repair flow. For details see section 2.4. 

If not present, the source TOI is the same as the repair TOI. 

	
	@fecTransportObjectSize
	O
	specifies the default size of each FEC Transport Object, in units of symbols. If not present then these values shall be provided in the repair packets using the EXT_TOL header. If present, the EXT_TOL header shall not be present. 

	
	@startByte
	O
	specifies the start byte in the associated delivery object. If not present then these values shall be provided in the repair packets using the EXT_TOL header. If present, the EXT_TOL header shall not be present. 

	Legend:

For attributes: M=Mandatory, O=Optional, OD=Optional with Default Value, CM=Conditionally Mandatory.

For elements: <minOccurs>…<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @


2.3.3 TOI Mapping

If the repair flow declaration contains a ProtectedObject then the @sourceTOI attribute specifies a mapping of the repair TOI value contained in a repair packet to a source TOI of a source object that the repair packet protects.

The mapping is described through an equation where in C format where the TOI field of the repair flow is specified as the variable TOI and the result of the equation determines the source TOI. The value of the attribute shall be a proper C equation with at most one variable TOI and without the addition of the ";" sign.
2.3.4 Examples for RepairFlow Declarations

2.3.4.1 Example 1 
In example 1, a repair packet with code point value 10 and TOI 20 protects the source object with TOI 20 from the source flow with code point value 1. The transport object size is defined and the transport object length block has a total size of 892 symbols. The repair flow declaration is provided below:
	<?xml version="1.0"?>
<RepairFlow  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
    xmlns="urn:3gpp:mbms:schema:repairflow:2013"
    xsi:schemaLocation="urn:3gpp:mbms:schema:repairflow:2013 repairflow.xsd" 
    codePoint="10"
    sessionDescription="http://mbmsrocks.com/example-session1.sdp"> 
    <FECParameters fecEncodingID="6" maximumDelay="5000">
       <FECOTI>XXXYYYYZZZZ</FECOTI>
       <ProtectedObject 
           codePoint="1" 
           sessionDescription="http://mbmsrocks.com/example-session1.sdp"

           sourceTOI="TOI"  
           fecTransportObjectSize="892"/>
   </FECParameters>
</RepairFlow>


2.3.4.2 Example 2: 
In example 2, a repair packet with code point 11 and TOI 20 protects the concatenation of two source objects: the source object with TOI 20 from the source flow (collection of source objects) with code point 2 and the source object with TOI 20 from the source flow (collection of source objects) with code point 3. The transport object size in both cases is defined and the super-object has a total size of 2232 symbols. The super-object that is protected by a repair packet with code point 11 and TOI 20 is the concatenation of the FEC Transport Object for the source object with code point 2 and TOI 20 and the FEC Transport Object for the source object with code point 3 and TOI 20. 

All three collected objects are delivered in the same sdp session.

Also default parameters are used for the values in the ProtectedObject.

	<?xml version="1.0"?>
<RepairFlow  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
    xmlns="urn:3gpp:mbms:schema:repairflow:2013"
    xsi:schemaLocation="urn:3gpp:mbms:schema:repairflow:2013 repairflow.xsd" 
    codePoint="11"
    sessionDescription="http://mbmsrocks.com/example-session1.sdp"> 
    <FECParameters fecEncodingID="6" maximumDelay="5000">
       <FECOTI>XXXYYYYZZZZ</FECOTI>
       <ProtectedObject codePoint="2" fecTransportObjectSize="892"/>
       <ProtectedObject codePoint="3" fecTransportObjectSize="1340"/>
   </FECParameters>
</RepairFlow>


2.3.4.3 Example 3: 

In example 3, a repair packet with code point 12 and TOI 20 protects the concatenation of three source objects: the source object with TOI 40 from the source flow with code point 4, the source object with TOI 20 from the source flow with code point 5 and the source object with TOI 41 from the source flow with code point 4. In this example 3, the super-object that is protected by a repair packet with code point 12 and TOI 20 is the concatenation of the FEC Transport Object for the source object with code point 4 and TOI 40, and the FEC Transport Object for the source object with code point 5 and TOI 20 and the FEC Transport Object for the source object with code point 4 and TOI 41. In this example, the transport object sizes of the source objects are not included in the repair flow declaration.

Note that the sequence of the ProtectedObject declarations within a RepairFlow declaration determines the order of the FEC transport objects for the source objects in the super-object.

	<?xml version="1.0"?>
<RepairFlow  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
    xmlns="urn:3gpp:mbms:schema:repairflow:2013"
    xsi:schemaLocation="urn:3gpp:mbms:schema:repairflow:2013 repairflow.xsd" 
    codePoint="12"
    sessionDescription="http://mbmsrocks.com/example-session1.sdp"> 
    <FECParameters fecEncodingID="6" maximumDelay="5000">
       <FECOTI>XXXYYYYZZZZ</FECOTI>
       <ProtectedObject codePoint="4" sourceTOI="2*TOI"/>
       <ProtectedObject codePoint="5"/>
       <ProtectedObject codePoint="4" sourceTOI="2*TOI+1"/>
    </FECParameters>
</RepairFlow>


2.3.4.4 Example 4 

In example 4, a repair packet with TOI 13 protects the source object with TOI 14. 

	<?xml version="1.0"?>
<RepairFlow  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
    xmlns="urn:3gpp:mbms:schema:repairflow:2013"
    xsi:schemaLocation="urn:3gpp:mbms:schema:repairflow:2013 repairflow.xsd" 
    codePoint="13"
    sessionDescription="http://mbmsrocks.com/example-session1.sdp"> 
    <FECParameters fecEncodingID="6" maximumDelay="5000">
       <FECOTI>XXXYYYYZZZZ</FECOTI>
       <ProtectedObject codePoint="6" sourceTOI="TOI+1"/>
    </FECParameters>
</RepairFlow>


2.3.4.5 Example 5: 

In example 5, a repair packet with TOI 10 protects the concatenation of two source objects: the source object with TOI 20 and the source object with TOI 21. In this case, assume that there is a source object declaration with code point 7 for the two source objects with TOI = 20 and TOI = 21, and then the repair packets that protect these source objects carry TOI = 10. The following repair flow declaration with code point 14 provides the static FDD.

	<?xml version="1.0"?>
<RepairFlow  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
    xmlns="urn:3gpp:mbms:schema:repairflow:2013"
    xsi:schemaLocation="urn:3gpp:mbms:schema:repairflow:2013 repairflow.xsd" 
    codePoint="14"
    sessionDescription="http://mbmsrocks.com/example-session1.sdp"> 
    <FECParameters fecEncodingID="6" maximumDelay="5000">
       <FECOTI>XXXYYYYZZZZ</FECOTI>
       <ProtectedObject codePoint="7" repairTOI="2*TOI"/>
       <ProtectedObject codePoint="7" repairTOI="2*TOI+1"/>
    </FECParameters>
</RepairFlow>


The ordering of the FEC Transport Objects in the super-object is the same as the order of the corresponding source objects determined by the individual repair declaration.  Thus, in example 5, the super-object corresponding to a repair packet with TOI 10 is the concatenation of the FEC Transport Object for the source object with TOI 20 and the FEC Transport Object for the source object with TOI 21.
3 Proposal

It is proposed to agree on sections 2 as working assumptions for the MI-EMO TR.
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