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*** Start change 1 ***
3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

ALC
Asynchronous Layered Coding

APN
Access Point Name

AVC
Advanced Video Coding

BM-SC
Broadcast-Multicast - Service Centre

CC
Congestion Control
CPB
Coding Picture Buffer
DASH
Dynamic Adaptive Streaming over HTTP

DIMS
Dynamic and Interactive Multimedia Scenes
ERT
Expected Residual Time

ESI
Encoding Symbol ID
FDT
File Delivery Table

FEC
Forward Error Correction

FLUTE
File deLivery over Unidirectional Transport
FMT
Feedback Message Type
GGSN
Gateway GPRS Support Node

GPRS
General Packet Radio Service
HDTV
High-DefinitionTeleVision
IANA
Internet Assigned Numbers Authority
IP
Internet Protocol

LCT
Layered Coding Transport

MBMS
Multimedia Broadcast/Multicast Service

MBSFN
MBMS over a Single Frequency Network
MIME
Multipurpose Internet Mail Extensions
MMS
Multimedia Messaging Service
MPD
Media Presentation Description

MS
Mobile Station

MSK
MBMS Service Key

MTK
MBMS Traffic Key

MUK
MBMS User Key
NTP
Network Time Protocol
PDP
Packet Data Protocol

PSS
Packet-switched Streaming Service
PTM
Point To Multipoint

PTP
Point To Point

RTP
Real-time Transport Protocol

SBN
Source Block Number

SCT
Sender Current Time
SDP
Session Description Protocol

SDU
Service Data Unit

SEI
Supplemental Enhancement Information
SESI
Subdivided Encoding Symbol ID
SGSN
Serving GPRS Support Node
SNTP
Simple Network Time Protocol
TMGI
Temporary Mobile Group Identity
TOI
Transport Object Identifier

TSI
Transport Session Identifier
UDP
User Datagram Protocol

...
*** End change 1 ***
*** Start change 2 ***
8.2.2.6
Structure of the FEC source block

This clause defines the layout of the FEC source block.
The FEC source block shall contain at least one complete UDP packet payload (i.e. excluding the IP and UDP headers), and three octets indicating the UDP flow from which the packet was taken and the length of the UDP packet.  Note: this implies that no source UDP packet be larger than the length of the FEC source block minus 3.

Let

n
be the number of UDP packets in the source block. n is determined dynamically during the source block construction process.
Ri
denote the octets of the UDP payload of the ith UDP packet to be added to the source block.

li
be the length of Ri in octets.
Li
denote two octets representing the value of li in network byte order (high order octet first).

fi
denote an integer “flow ID” identifying the UDP flow from which the ith packet was taken

Fi
denote a single octet representing the value of fi


T
be the source symbol size in bytes.
N 
be the number of sub-symbols composing an encoding symbol. 
T’ 
be the sub-symbol size in bytes. (T’ = T/N)
si
be the smallest integer such that siT/N = siT’ >= (li+3).
Pi
denote siT’-( li+3) zero octets. Note: Pi are padding octets to align the start of each UDP packet with the start of a sub-symbol.
Then, the source block is constructed by concatenating Fi ,Li, Ri, Pi for i = 1, 2, ... n, and the source block size, SSB= T·ceil(S/T) where S = sum { siT’, i=1, …, n}. (ceil(x) denotes the smallest integer that is greater than or equal to x.)
A UDP flow is uniquely defined by an IP source and destination address and UDP source and destination port value. The assignment of Flow ID values to UDP flows is described in sub-clauses 8.2.2.13 and 8.3.1.9.
8.2.2.7
FEC block Construction algorithm and example (informative)

When the original UDP packet is placed into the source block, the value of the UDP flow identifier, F, followed by the value of the UDP payload length, L, are first written as a single byte and two-byte value in network byte order (i.e. with high order byte first) respectively into the first available bytes in the source block, followed by the UDP packet payload itself (i.e. not including the IP/UDP headers). Following this, if the next available byte is not the first byte of a new sub-symbol, then padding bytes up to the next sub-symbol boundary shall be included using the value 0 in each byte. As long as any source UDP packets remain to be placed, the procedure is repeated starting each UDP flow identifier at the start of the next subdivided encoding symbol, i.e., sub-symbol. 
An example of forming a source block is given in figure 14 below. In this example, five UDP packets of lengths 18, 32, 59, 20 and 24 bytes have been placed into a source block with symbol size T = 16 bytes and N = 2. The first two packets are from UDP flow 0, the third and fourth from UDP flow 1, and the fifth from UDP flow 2. Each entry in Figure 14 is a byte and Bi,j denotes the (j+1)th byte of the (i+1)th UDP packet. The rows correspond to the source symbols composed of m (= 2) sub-symbols of length 8. Note that the source block in Figure 14 consists of 12 source symbols, i.e., 24 sub-symbols. 
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Figure 14: Source block consisting of 5 source UDP packets of lengths 18, 32, 59, 20 and 24 bytes.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



8.2.2.9
Source FEC Payload ID 

The Source FEC payload ID is composed as follows:
	Source Block Number (SBN)
	Subdivided Encoding Symbol ID (SESI) 


Source Block Number (SBN), (8 bits): An integer identifier for the source block that the source data within the packet relates to.

Subdivided Encoding Symbol ID (SESI), (16 bits): The starting sub-symbol index of the source packet in the source block.
Figure 15: Source FEC Payload ID
The interpretation of the Source Block Number and Subdivided Encoding Symbol Identifier is defined in Annex B.
8.2.2.10
Repair FEC payload ID

The structure of the Repair FEC Payload ID is as follows:
	Source Block Number (SBN)
	Encoding Symbol ID (ESI)

	Source Block Length (SBL)
	


Source Block Number (SBN), (8 bits): An integer identifier for the source block that the repair symbols within the packet relate to.

Encoding Symbol ID (ESI), (16 bits): An integer identifier for the encoding symbols within the packet.

Source Block Length (SBL), (16 bits): The number of source symbols in the source block.
The interpretation of the Source Block Number, Encoding Symbol Identifier and Source Block Length is defined in Annex B.
Figure 16: Repair FEC Payload ID

In case of empty Repair FEC packets, the actual value of ESI is irrelevant and it may take any value between 0X0000 and 0XFFFF.
8.2.2.10a
FEC Object Transmission information

The FEC Object Transmission information shall consist of:

· the maximum source block length, in symbols
· the number of sub-symbols composing an encoding symbol (or source symbol)
· the symbol size, in bytes

The symbol size, the number of sub-symbols and maximum source block length shall be encoded into a 5 octet field (Network Byte Order) defined as follows:
	
	


	Symbol Size (T)
	Number of Sub-Symbols (N) 
	Maximum Source Block Length


Symbol Size (T) (16 bits): The size of an encoding symbol, in bytes,
Number of Sub-Symbols (N) (8 bits): The number of sub-symbols composing an encoding symbol
Maximum Source Block Length (16 bits): The maximum length of a source block, in symbols.

The interpretation of T is defined in Annex B.
The Source Block Length signalled within the Repair FEC Payload ID of any packet of a stream shall not exceed the Maximum Source Block Length signalled within the FEC Object Transmission Information for the stream.

The FEC Object Transmission Information shall be communicated as described in sub-clause 8.2.2.14. Note, the FEC Object Transmission Information is only communicated in SDP.
*** End change 2 ***
*** Start change 3 ***
B.1.2
Symbols

i, j, x, h, a, b, d, v, m
represent positive integers

ceil(x) 


denotes the smallest positive integer which is greater than or equal to x
choose(i,j)
denotes the number of ways j objects can be chosen from among i objects without repetition

floor(x)

denotes the largest positive integer which is less than or equal to x

i % j


denotes i modulo j

X ^ Y
denotes, for equal-length bit strings X and Y, the bitwise exclusive-or of X and Y

A
denote a symbol alignment parameter. Symbol and sub-symbol sizes are restricted to be multiples of A. 
AT
denotes the transposed matrix of matrix A
A-1  
denotes the inverse matrix of matrix A
K



denotes the number of symbols in a single source block

KMAX


denotes the maximum number of source symbols that can be in a single source block.  Set to 8192.
L



denotes the number of pre-coding symbols for a single source block
S



denotes the number of LDPC symbols for a single source block
H



denotes the number of Half symbols for a single source block

C



denotes an array of intermediate symbols, C[0], C[1], C[2],…, C[L-1]

C’



denotes an array of source symbols, C’[0], C’[1], C’[2],…, C’[K-1] 

X



a non-negative integer value

V0, V1 


two arrays of 4-byte integers, V0[0], V0[1],…, V0[255] and V1[0], V1[1],…, V1[255]

Rand[X, i, m]
a pseudo-random number generator

Deg[v]


a degree generator

LTEnc[K, C ,(d, a, b)]

a LT encoding symbol generator

Trip[K, X]
a triple generator function
G



the number of symbols within an encoding symbol group

N
the number of sub-blocks within a source block for MBMS file download 
the number of sub-symbols composing an encoding symbol (or source symbol) for MBMS streaming
T



the symbol size in bytes.  If the source block is partitioned into sub-blocks, then T = T’∙N.

T’ 
the sub-symbol size, in bytes.  If the source block is not partitioned into sub-blocks then T’ is not relevant.  

F



the file size, for file download, in bytes

I



the sub-block size in bytes

P

for file download, the payload size of each packet, in bytes, that is used in the recommended derivation of the file download transport parameters.  For streaming, the payload size of each repair packet, in bytes, that is used in the recommended derivation of the streaming transport parameters. 

Q
Q = 65521, i.e., Q is the largest prime smaller than 216
Z



the number of source blocks, for file download

J(K)


the systematic index associated with K
G



denotes any generator matrix

IS



denotes the SxS identity matrix

0SxH


denotes the SxH zero matrix 
B.4
Streaming

B.4.1
Source block construction

A source block is constructed by the transport protocol, for example as defined in this document, making use of the Systematic Raptor Forward Error Correction code.  The symbol size, T and the number of sub-symbols composing an encoding symbol, N, to be used for source block construction and the repair symbol construction are provided by the transport protocol. The parameter T shall be a multilple of N and be set so that the number of source symbols in any source block is at most KMAX.
Recommended parameters are presented in sub-clause B.4.4.

B.4.2
Encoding packet construction

As described in sub-clause B.4.3., each repair packet contains the following information:

-
Source Block Number (SBN)

-
Encoding Symbol ID (ESI)

-
Source Block Length (SBL)

-
repair symbol(s)

The number of repair symbols contained within a repair packet is computed from the packet length. The ESI values placed into the repair packets and the repair symbol triples used to generate the repair symbols are computed as described in sub-clause B.5.1.

B.4.3
Transport

This sub-clause describes the information exchange between the Raptor encoder/decoder and any transport protocol making use of Raptor forward error correction for streaming.

The Raptor encoder for streaming requires the following information from the transport protocol for each source block:

-
The symbol size, T, in bytes

-
The number of symbols in the source block, K
-
The Source Block Number (SBN)
-
The source symbols to be encoded, K∙T bytes

The Raptor encoder supplies the transport protocol with encoding packet information consisting, for each repair packet, of:

-
Source Block Number (SBN) 

-
Encoding Symbol ID (ESI)

-
Source Block Length (SBL)

-
repair symbol(s)

The transport protocol shall communicate this information transparently to the Raptor decoder.

A suitable transport protocol is defined in this specification.

B.4.4
Example parameters
B.4.4.1
Parameter derivation algorithm

This sub-clause provides recommendations for the derivation of the transport parameter T and N. This recommendation is based on the following input parameters:

-
B
the maximum source block size, in bytes

-
P
the maximum repair packet payload size, in bytes, which is a multiple of A
-
A
the symbol alignment factor, in bytes
-
N’
a target on the number of sub-symbols composing an encoding symbol
-    KMAX  the maximum number of source symbols per source block.
-
KMIN   a minimum target on the number of symbols per source block

-
GMAX   a maximum target number of symbols per repair packet
A requirement on these inputs is that ceil(B/P) ≤ KMAX.  Based on the above inputs, the transport parameter T and N arecalculated as follows:

 Let,


G = min{ceil(P·KMIN/B), P/A, GMAX}


- the approximate number of symbols per packet

Ta = floor(P/(A·G))·A






- the approximate symbol size
N = min{Ta/A, N’}
T = ceil(Ta/(N·A))·N·A
The value of T and N derived above should be considered as a guide to the actual value of T and N used. It may be advantageous to ensure that T divides into P, or it may be advantageous to set the value of T smaller to minimize wastage when full size repair symbols are used to recover partial source symbols at the end of lost source packets (as long as the maximum number of source symbols in a source block does not exceed KMAX).  Furthermore, the choice of T may depend on the source packet size distribution, e.g., if all source packets are the same size then it is advantageous to choose T so that the actual payload size of a repair packet P’, where P’ is a multiple of T, is equal to (or as few bytes as possible larger than) the number of bytes each source packet occupies in the source block. In case that all source packets are the same size, N = 1 is recommended.
Recommended settings for the input parameters, A, KMIN , GMAX , and N’ are as follows:


A = 4


KMIN = 1024


GMAX = 10


N’ = 4
B.4.4.2
Examples

The above algorithm leads to transport parameters as shown in Table B.4.4.2-1 below, assuming the recommended values for A, KMIN and GMAX and P = 512:

Table B.4.4.2-1
	Max source block size B
	G
	Symbol size T
	G∙T
	N

	40 KB
	10
	48
	480
	4

	160 KB
	4
	128
	512
	4

	640 KB
	1
	512
	512
	4


*** End change 3 ***
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