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STREAMINGAND BUFFERING USING VARIABLE FEC OVERHEAD

AND PROTECTION PERIODS

CROSS REFERENCE

[0001] This application claims priority from and is a non-provisional of U.S. Provisional

Patent Application No. 60/773,185 filed February 13, 2006 and U.S. Provisional Patent

Application No. 60/773,501 filed February 14, 2006.

[0002] The following references are include here and are incorporated by reference for all

purposes:

[0003] U.S. Patent No. 6,307,487 entitled "Information Additive Code Generator and

Decoder for Communication Systems" issued to Luby (hereinafter "Luby"); and

[0004] U.S. Patent No. 7,068,729 issued to Shokrollahi et al. entitled "Multi-Stage Code

Generator and Decoder for Communication Systems" (hereinafter "Shokxollahi").

FIELD OF THE INVENTION

[0005] The present invention relates to encoding and decoding data in communications

systems and more specifically to communication systems that encode and decode data to

account for errors and gaps in communicated data while dealing with the needs of receivers

to quickly provide data as it is received.

BACKGROUND OF THE INVENTION

[0006] Transmission of files and streams between a sender and a recipient over a

communications channel has been the subject of much literature. Preferably, a recipient

desires to receive an exact copy of data transmitted over a channel by a sender with some

level of certainty. Where the channel does not have perfect fidelity (which covers most all

physically realizable systems), one concern is how to deal with data lost or garbled in

transmission. Lost data (erasures) are often easier to deal with than corrupted data (errors)

because the recipient cannot always tell when corrupted data is data received in error. Many

error-correcting codes have been developed to correct for erasures and/or for errors.

[0007] Data transmission is straightforward when a transmitter and a receiver have all of

the computing power and electrical power needed for communications and the channel

between the transmitter and receiver is clean enough to allow for relatively error-free



communications. The problem of data transmission becomes more difficult when the channel

is in an adverse environment or the transmitter and/or receiver has limited capability.

[0008] One solution is the use of forward error correcting (FEC) techniques, wherein data

is coded at the transmitter such that a receiver can recover from transmission erasures and

errors. Where feasible, a reverse channel from the receiver to the transmitter allows for the

receiver to communicate about errors to the transmitter, which can then adjust its

transmission process accordingly. Often, however, a reverse channel is not available or

feasible or is available only with limited capacity. For example, where the transmitter is

transmitting to a large number of receivers, the transmitter might not be able to handle

reverse channels from all those receivers. As a result, communication protocols often need to

be designed without a reverse channel or with a limited capacity reverse channel and, as such,

the transmitter may have to deal with widely varying channel conditions without a full view

of those channel conditions.

[0009] In the case of a packet protocol used for data transport over a channel that can lose

packets, a file, stream or other block of data to be transmitted over a packet network is

partitioned into equal size input symbols, encoding symbols the same size as the input

symbols are generated from the input symbols using an FEC code, and the encoding symbols

are placed and sent in packets. The "size" of a symbol can be measured in bits, whether or

not the symbol is actually broken into a bit stream, where a symbol has a size of M bits when

the symbol is selected from an alphabet of 2M symbols. In such a packet-based

communication system, a packet oriented erasure FEC coding scheme might be suitable. A

file transmission is called reliable if it allows the intended recipient to recover an exact copy

of the original file even in the face of erasures in the network. A stream transmission is

called reliable if it allows the intended recipient to recover an exact copy of each part of the

stream in a timely manner even in the face of erasures in the network. Both file transmission

and stream transmission can also be somewhat reliable, in the sense that some parts of the file

or stream are not recoverable or for streaming if some parts of the stream are not recoverable

in a timely fashion. Packet loss often occurs because sporadic congestion causes the

buffering mechanism in a router to reach its capacity, forcing it to drop incoming packets.

Protection against erasures during transport has been the subject of much study.

[0010] In the case of a protocol used for data transmission over a noisy channel that can

corrupt bits, a block of data to be transmitted over a data transmission channel is partitioned



into equal size input symbols, encoding symbols of the same size are generated from the

input symbols and the encoding symbols are sent over the channel. For such a noisy channel

the size of a symbol is typically one bit or a few bits, whether or not a symbol is actually

broken into a bit stream. In such a communication system, a bit-stream oriented error-

correction FEC coding scheme might be suitable. A data transmission is called reliable if it

allows the intended recipient to recover an exact copy of the original block even in the face of

errors (symbol corruption, either detected or undetected in the channel). The transmission

can also be somewhat reliable, in the sense that some parts of the block may remain corrupted

after recovery. Symbols are often corrupted by sporadic noise, periodic noise, interference,

weak signal, blockages in the channel, and a variety of other causes.

[0011] One problem with some FEC codes is that they require excessive computing power

or memory to operate. Another problem is that the number of output symbols must be

determined in advance of the coding process. This can lead to inefficiencies if the loss rate of

packets is overestimated, and can lead to failure if the loss rate of packets is underestimated.

[0012] Chain reaction codes are FEC codes that allow for generation of an arbitrary number

of output symbols from the fixed input symbols of a file or stream. Sometimes, they are

referred to as fountain or rateless FEC codes, since the code does not have an a-priori fixed

transmission rate and the number of possible output symbols can be independent of the

number of input symbols. Novel techniques for generating, using and operating chain

reaction codes are shown, for example, in Luby and Shokrollahi.

[0013] It is also known to use multi-stage chain reaction ("MSCR") codes, such as those

described in Shokrollahi and developed by Digital Fountain, Inc. under the trade name

"Raptor" codes. Multi-stage chain reaction codes are used, for example, in an encoder that

receives input symbols from a source file or source stream, generates intermediate symbols

from the input symbols and the intermediate symbols are the source symbols for a chain

reaction encoder.

[0014] For some applications, other variations of codes might be more suitable or otherwise

preferred. As used herein, input symbols refer to the data received from a file or stream and

source symbols refer to the symbols that are used to generate output symbols. In some cases,

the source symbols include the input symbols and in some cases, the source symbols are the

input symbols. However, there are cases where the input symbols are encoded and/or

transformed into an intermediate set of symbols and that intermediate set is used to generate



the output symbols without reference to the input symbols (directly). Thus, input symbols

comprise information known to the sender which is to be communicated to the receiver,

source symbols are the symbols used by at least one stage of an encoder and are derived from

the input symbols, and output symbols comprise symbols that are transmitted by the sender to

the receiver.

[0015] In some applications, the receiver may begin to use the data before the transmission

is complete. For example, with a video-on-demand system, the receiver might start playing

out a video after only a small portion of the video data is received and assume that the rest of

the video data will be received before it is needed. In such systems, encoding should not be

done over the entire transmission, because then some output symbols at the end of the

transmission might encode for input symbols needed at the beginning of the video, in which

case those output symbols are wasteful since their information is needed when it is not

available and is not needed when it is available. To avoid this, the data stream is typically

divided into blocks wherein the input data of the block is encoded and sent before the next

block is prepared and blocks normally do not depend on input symbols outside those blocks.

[0016] For such applications, there is often a trade-off between reliability and lag time

between when the transmission starts and when the data can start to be used. For example, if

an entire feature length movie were encoded such that errors at the start of the transmission

can be corrected using data at the end of the transmission, the receiver might wait until it

receives all of the movie data before indicating to the application (or the user of the

application) that the movie is available for playback. However, where the total transmission

time is long, that can be an unacceptable lag time.

[0017] One solution is to encode a stream of data such that the receiver has enough

information to begin playback of the movie after some smaller lag time and the receiver can

expect to receive further information in time to continue the playback. Naturally, if the data

near the end of the transmission provides redundancy for the data at the start of the

transmission, that capability is wasted since the first part of the movie will have played back

long before that later information is received. Thus, it is efficient to have the redundancy

available when it is needed, typically close in time with the decoding of the data. However, if

the constraints are too strict, playback might have to begin too early and raise the probability

that the receiver hits a playback point in the movie where it does not yet have enough data to

decode and would cause a skip or pause.



[0018] There are tradeoffs with the use of blocks: too small a block size and not enough

error protection is provided, whereas too large a block size and too much delay is seen at the

receiver as it waits for blocks to be completely recovered.

SUMMARY OF THE INVENTION

[0019] In embodiments of the present invention, data is streamed from a transmitter to a

receiver, wherein streaming is transferring data with an assumption that the receiver will

begin using the data before it is all transmitted and received. The streamed data includes

forward error correction ("FEC") and the rates of data consumption can vary. The transmitter

has an input rate at which it uses up its input data and a transmit rate at which it sends that

data (and FEC data as needed) and the two rates can be different and can change when FEC is

involved, as there is some overhead involved with FEC coding. At the receiver, there is a

reception rate (at which the receiver receives data) and a consumption rate (at which the

receiver uses up data for its output). The transmitter transmits using a transmit rate higher

than the consumption rate and the extra bandwidth is usable for FEC protection and

buffering.

[0020] In some embodiments, the excess rate varies over a transmission period.

[0021] A further understanding of the nature and the advantages of the inventions disclosed

herein may be realized by reference to the remaining portions of the specification and the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 is a block diagram of a communications system that can use the variable FEC

overhead techniques described herein.

[0023] Fig. 2 is a diagram of an FEC streaming framework architecture.

[0024] Fig. 3 is a diagram of an FEC source packet.

[0025] Fig. 4 is a diagram of an FEC repair packet.

[0026] Fig. 5 is a diagram of an FEC object information block.

[0027] Fig. 6 is a diagram of a source FEC payload ED format.

[0028] Fig. 7 is a diagram of a repair FEC payload ED format.

[0029] Fig. 8 is a diagram of an alternative repair FEC payload ED format.



[0030] Fig. 9 is a diagram of an FEC feedback protocol message format.

[0031] Fig. 10 is a diagram of a payload format for success report messages.

DETAILED DESCRIPTION OF THE INVENTION

[0032] In embodiments of the present invention, data is streamed from a transmitter to a

receiver, wherein streaming is transferring data with an assumption that the receiver will

begin using the data before it is all transmitted and received. The streamed data includes

forward error correction ("FEC"), which provides improvements over a retransmission-

request scheme wherein retransmission of lost packets is requested by a receiver if packet

loss is detected.

[0033] There are various rates involved in a streaming process. The streamed data includes

forward error correction ("FEC") and the rates of data consumption can vary. The transmitter

has an input rate at which it uses up its input data and a transmit rate at which it sends that

data (and FEC data as needed) and the two rates can be different and can change when FEC is

involved, as there is some overhead involved with FEC coding. At the receiver, there is a

reception rate (at which the receiver receives data) and a consumption rate (at which the

receiver uses up data for its output). In the absence of data loss over the channel, the

reception rate is the same as the transmission rate. There is a raw reception rate, which is the

rate at which data is received not counting overhead due to FEC. For example, if the receiver

is a video player that outputs an 11 megabits/second (MBS) video stream to a display device,

the consumption rate is 11 MBS. Where the consumed data is played out, on a display,

audio, processor or other player of data, the consumption rate might be referred to as the

"playout" rate.

[0034] With many streams, it is desirable that the consumption be continuous such that the

presentation of streamed data is not stalled or blocky, which would occur if all the data at the

receiver is consumed and the reception rate is less than the consumption rate. To avoid this,

receivers typically have buffers so that the reception rate can temporarily drop below the

consumption rate (due to packet loss, congestion, etc.) without running out of data to

consume.

[0035] Where the reception rate is exactly the consumption rate, there is no extra to be

buffered. To fill the receiver buffer, a streaming system might be set up such that the

transmission rate is higher than the consumption rate, or the transmission starts before the



play-out begins. In either case, there is sufficient reception to at least partially fill the

receiver buffer.

[0036] In any case, using FEC rather than retransmission is often the better approach. With

retransmission, there needs to be enough of a receiver buffer to continue to play out data

while the receiver sends a retransmission request and receives a response, otherwise the

player will stall when it reaches the missing data that has yet to be replaced.

[0037] In specific embodiments, the transmitter transmits using a transmit rate higher than

the consumption rate and the extra bandwidth is used in part for FEC protection and in part

for buffer filling to allow for features such as a "quick start", where playout can begin soon

after reception starts with sufficient buffer fill to reduce the risk of stalling the playout.

[0038] In some embodiments, the bandwidth used for FEC protection and the amount of

overhead used for buffer filling varies over time. For example, the overall transmission bit-

rate might be a constant value, somewhat higher than the consumption rate, with more of the

excess devoted to buffer filling at the start of the transmission and less devoted to buffer

filling at later times. With a constant bit rate, the FEC protection would be less at the start of

the transmission and higher at later times. A constant bit rate is not required and a constant

FEC overhead rate might be used.

Overview

[0039] Protocols for FEC protection of streaming media using multi-stage chain reaction

(MSCR) codes, such as those used by DF Raptor™ encoders and decoders are described

below for applications including DVB-IPI applications. Examples of such multi-stage codes

are described in Shokrollahi. It should be understood for the purposes of this disclosure that

MSCR codes are used as just examples of multi-stage codes and the teachings of this

disclosure could be used with multi-stage codes other than the those described in Shokrollahi.

[0040] The multi-stage codes could be used for FEC protection of DVB-EPI real-time

applications (multicast and unicast video with both MPEG-2 Transport Stream encapsulation

and direct transport of audio and video over RTP).

[0041] The FEC Building Block [3] defined by the IETF Reliable Multicast working group

describes an approach to specification of protocols using FEC which separates the definition

of the protocol from the specification of the FEC code itself. This allows issues of protocol



design to be addressed independently from the very different issues of FEC code selection. In

the language of the FEC Building Block, separate specifications are provided for "Content

Delivery Protocols" and for "FEC Schemes", the former defining the protocols and the latter

defining the actual FEC codes. The FEC Building Block describes rules that both kinds of

specification must follow so that they can be used together and so it provides the "glue"

between Content Delivery Protocols and FEC Schemes.

[0042] Following this approach, this specification is organized as a number of modular

components. These are then combined to form complete protocols suitable for the DVB-IPI

applications. These components include (1) an FEC Streaming Framework, which provides

an overall protocol framework for the application of FEC to media streams and is described

in Section 2; (2) a number of FEC Schemes, which define protocol components suitable for

various classes of application and which define how core MSCR codes are applied to

streaming applications, defined in Section 3; (3) modular protocol components that can be

used to support applications based on the FEC Streaming Framework and FEC Schemes

defined herein, shown in Section 4; and (4) protocol specifications for multicast and unicast

video with both MPEG-2 Transport Stream encapsulation and direct transport of audio and

video over RTP, constructed using the building blocks described above (Section 5).

[0043] Terms and Acronyms



Table 2 - Terms and Acronyms

Encoders and Decoders

[0044] Fig. 1 is a block diagram of a communications system 100 that uses multi-stage

coding and can use the variable FEC overhead techniques described herein.

[0045] In communications system 100, an input file 101, or an input stream 105, is

provided to an input symbol generator 110. Input symbol generator 110 generates a sequence

of one or more input symbols (IS(O), IS(I), IS(2), . . .) from the input file or stream, with each

input symbol having a value and a position (denoted in Fig. 1 as a parenthesized integer). As

explained above, the possible values for input symbols, i.e., its alphabet, is typically an

alphabet of 2M symbols, so that each input symbol codes for M bits of the input file. The

value of M is generally determined by the use of communication system 100, but a general

purpose system might include a symbol size input for input symbol generator 110 so that M

can be varied from use to use. The output of input symbol generator 110 is provided to an

encoder 115.

[0046] Static key generator 130 produces a stream of static keys S0, Si, .... The number of

the static keys generated is generally limited and depends on the specific embodiment of

encoder 115. The generation of static keys will be subsequently described in more detail.

Dynamic key generator 120 generates a dynamic key for each output symbol to be generated

by the encoder 115. Each dynamic key is generated so that a large fraction of the dynamic

keys for the same input file are unique. For example, Luby I describes embodiments of key



generators that can be used. The outputs of dynamic key generator 120 and the static key

generator 130 are provided to encoder 115.

[0047] From each key I provided by dynamic key generator 120, encoder 115 generates an

output symbol, with a value B(I), from the input symbols provided by the input symbol

generator. The operation of encoder 115 will be described in more detail below. The value

of each output symbol is generated based on its key, on some function of one or more of the

input symbols, and possibly on or more redundant symbols that had been computed from the

input symbols. The collection of input symbols and redundant symbols that give rise to a

specific output symbol is referred to herein as the output symbol's "associated symbols" or

just its "associates". The selection of the function (the "value function") and the associates is

done according to a process described in more detail below. Typically, but not always, M is

the same for input symbols and output symbols, i.e., they both code for the same number of

bits.

[0048] In some embodiments, the number K of input symbols is used by the encoder 115 to

select the associates. IfK is not known in advance, such as where the input is a streaming

file, K can be just an estimate. The value K might also be used by encoder 115 to allocate

storage for input symbols and any intermediate symbols generated by encoder 115.

[0049] Encoder 115 provides output symbols to a transmit module 140. Transmit module

140 is also provided the key of each such output symbol from the dynamic key generator 120.

Transmit module 140 transmits the output symbols, and depending on the keying method

used, transmit module 140 might also transmit some data about the keys of the transmitted

output symbols, over a channel 145 to a receive module 150. Channel 145 is assumed to be

an erasure channel, but that is not a requirement for proper operation of communication

system 100. Modules 140, 145 and 150 can be any suitable hardware components, software

components, physical media, or any combination thereof, so long as transmit module 140 is

adapted to transmit output symbols and any needed data about their keys to channel 145 and

receive module 150 is adapted to receive symbols and potentially some data about their keys

from channel 145. The value of K, if used to determine the associates, can be sent over

channel 145, or it may be set ahead of time by agreement of encoder 115 and decoder 155.

[0050] As explained above, channel 145 can be a real-time channel, such as a path through

the Internet or a broadcast link from a television transmitter to a television recipient or a

telephone connection from one point to another, or channel 145 can be a storage channel,



such as a CD-ROM, disk drive, Web site, or the like. Channel 145 might even be a

combination of a real-time channel and a storage channel, such as a channel formed when one

person transmits an input file from a personal computer to an Internet Service Provider (ISP)

over a telephone line, the input file is stored on a Web server and is subsequently transmitted

to a recipient over the Internet.

[0051] Because channel 145 is assumed to be an erasure channel, communications system

100 does not assume a one-to-one correspondence between the output symbols that exit

receive module 150 and the output symbols that go into transmit module 140. In fact, where

channel 145 comprises a packet network, communications system 100 might not even be able

to assume that the relative order of any two or more packets is preserved in transit through

channel 145. Therefore, the key of the output symbols is determined using one or more of

the keying schemes described above, and not necessarily determined by the order in which

the output symbols exit receive module 150.

[0052] Receive module 150 provides the output symbols to a decoder 155, and any data

receive module 150 receives about the keys of these output symbols is provided to a dynamic

key regenerator 160. Dynamic key regenerator 160 regenerates the dynamic keys for the

received output symbols and provides these dynamic keys to decoder 155. Static key

generator 163 regenerates the static keys So, S1, ... and provides them to decoder 155. The

static key generator has access to random number generator 135 used both during the

encoding and the decoding process. This can be in the form of access to the same physical

device if the random numbers are generated on such device, or in the form of access to the

same algorithm for the generation of random numbers to achieve identical behavior. Decoder

155 uses the keys provided by dynamic key regenerator 160 and static key generator 163

together with the corresponding output symbols, to recover the input symbols (again IS(O),

IS(I), IS(2), . . .). Decoder 155 provides the recovered input symbols to an input file

reassembler 165, which generates a copy 170 of input file 101 or input stream 105.

[0053] Encoder 115 can encode data using techniques shown herein so that the FEC

encoding has variable overhead.

2 FEC Streaming Framework

2.1 Introduction

[0054] This section defines a framework for the definition of CDPs, in the sense of the FEC

Building Block, which provides for FEC protection of streamed data flows over UDP. This



section does not define a complete Content Delivery Protocol, but rather defines only those

aspects that are expected to be common to all Content Delivery Protocols that support

streaming data over UDP.

[0055] The framework defined in this section is not specific to a single streaming

application protocol. The framework provides FEC protection for application protocol flows

over UDP and for combined protection of multiple such flows. For example, multiple RTP

flows may be protected together with the associated RTCP flows and potentially also other

related flows such as MIKEY packets. For many FEC Schemes in many loss conditions, the

improvement in reliability achievable through the use of FEC with a given FEC overhead

increases as the amount of data protected as a single block increases. Thus there is

considerable advantage in the ability to protect multiple streams together, particularly in

cases where the receiver requires all the streams in order to offer a useful service to the user.

[0056] This framework does not define how the flows to be protected are determined, nor

how the details of the protected flows and the FEC streams which protect them are

communicated from sender to receiver. Complete Content Delivery Protocol specifications -

such as those presented in Section 5 - address these signalling requirements. However, this

section does specify the information which is required by the FEC Streaming Framework at

sender and receiver - for example details of the flows to be FEC protected and the flow(s)

that will carry the FEC protection data. We also specify SDP attributes which the Content

Delivery Protocols use to communicate this information.

[0057] The architecture outlined above is illustrated in Fig. 2.

2.2 Procedural overview

2.2.1 General

[0058] The mechanism defined in this section comprises three components:

(i) construction of a 'source block' from source media packets belonging to one or

several UDP packet flows. The UDP flows may include, for example, RTP, RTCP

and SRTP packets and also other protocols related to the stream.

(ii) optional extension of source packets to indicate the source block and the position

within the source block occupied by the data from and related to the source packet.



(iii) definition of repair packets, sent over UDP, which can be used by the FEC

decoder to reconstruct missing portions of the source block.

[0059] The mechanism does not place any restrictions on the source data which can be

protected together, except that the source data is carried over UDP. The data may be from

several different UDP flows that are protected jointly. In general, multiple source blocks will

be constructed for a stream each constructed from different sets of source packets. For

example, each source block may be constructed from those source packets related to a

particular segment of the stream in time.

[0060] A receiver supporting this streaming framework should support the packet format

for FEC Source packets and should also support the packet format for FEC Repair packets.

[0061] This section does not define how the sender determines which source packets are

included in which source blocks. A specific Content Delivery Protocol may define this

mapping or it may be left as implementation dependent at the sender. However, a CDP

specification should define how a receiver determines the length of time it should wait to

receive FEC repair packets for any given source block.

[0062] At the sender, the mechanism processes original UDP packets to create:

(i) a stored copy of the original packets in the form of one or more 'source block(s)'.

The source block is a logical block of data to which the FEC code will subsequently

be applied. It is constructed by concatenating 'Source Packet Information' (SPI) for

each source packet. Generally, the SPI for a packet contains a short identifier for the

flow the packet belongs to, the length of the packet, the UDP payload and possible

padding bytes.

(ii) FEC Source packets for transmission to the receiver.

[0063] The FEC Streaming Framework uses the FEC encoder specified by the FEC

Scheme in use to generate the desired quantity of repair symbols from a source block. These

repair symbols are then sent using the FEC repair packet format to the receiver. The FEC

Repair packets are sent to a UDP destination port different from any of the original UDP

packets' destination port(s) as indicated by the FEC Streaming Configuration Information.



[0064] The receiver recovers original source packets directly from any FEC Source packets

received. The receiver also uses the received FEC Source Packets to construct a stored copy

of the original packets in the same source block format as constructed at the sender.

[0065] If any FEC Source packets related to a given source block have been lost, then this

copy of the source block at the receiver will be incomplete. If sufficient FEC source and FEC

Repair packets related to that source block have been received, the FEC Framework may use

the FEC decoding algorithm defined by the FEC Scheme to recover a (hopefully, but not

necessarily, complete) copy of the source block. The SPI for the missing source packets can

then be extracted from the completed parts of the source block and used to reconstruct the

source packets to be passed to the application.

[0066] Note that the receiver may need to buffer received source packets to allow time for

the FEC Repair packets to arrive and FEC decoding to be performed before some or all of the

received or recovered packets are passed to the application. If such a buffer is not provided,

then the application must be able to deal with the severe re-ordering of packets that will be

required. However, such buffering is Content Delivery Protocol and/or implementation-

specific and is not specified here.

[0067] The receiver of FEC Source packets identifies the source block and the position

within the source block occupied by the SPI derived from each packet. This information is

known as FEC Source Packet Identification Information and may be communicated in several

ways. The FEC Source Packet Identification Information may be encoded into a specific

field within the FEC Source packet format defined in this specification, called the Source

FEC Payload ID field. The exact contents and format of the Source FEC Payload ID field are

defined by the FEC Scheme. Alternatively, the FEC Scheme or CDP may define how the

FEC Source Packet Identification Information is derived from other fields within the source

packets. This document defines the way that the Source FEC Payload ID field, if used, is

appended to source packets to form FEC Source packets.

[0068] The receiver of FEC Repair packets should also be able to identify the source block

and the relationship between the contained repair data and the original source block. This

information is known as FEC Repair Packet Identification information. This information

should be encoded into a specific field, the Repair FEC Payload BD field, the contents and

format of which are defined by the FEC Scheme.



[0069) Any FEC Schemes to be used in conjunction with this specification should be a

systematic FEC Scheme and should be based on source blocks. The FEC Scheme may define

different FEC Payload ID field formats for FEC Source packets and FEC Repair packets.

2.2.2 Sender Operation

[0070] It is assumed that the sender has constructed or received original data packets for

the session. These may be RTP, RTCP, MIKEY or other UDP packets. The following

operations describe a possible way to generate compliant FEC Source packet and FEC repair

packet streams:

1. A source block is constructed as specified in Section 2.3.2, by concatenating the

SPI for each original source packet hi doing so, the Source FEC Packet Identification

Information of the FEC Source packet can be determined and included in the Source

FEC Payload ID field, if used. In the SPI the identity of the packet's UDP flow is

marked using a short 'UDP flow ID', defined in this specification. The association of

UDP flow specifications to UDP flow IDs is defined by the FEC Streaming

Configuration Information.

2. The FEC Source packet is constructed according to Section 2.3.3. The identity

of the original flow is maintained by the source packet through the use of the same

UDP ports and IP addresses which have been advertised by the Content Delivery

Protocol (for example using DVB Service Discovery), as carrying FEC Source

packets generated from an original stream of a particular protocol (e.g. RTP, RTCP,

SRTP, MIKEY etc.). The FEC Source packet generated is sent according to normal

UDP procedures.

3. The FEC encoder generates repair symbols from a source block and the FEC

Streaming Framework places these symbols into FEC Repair packets, to be conveyed

to the receiver(s). These repair packets are sent using normal UDP procedures to a

unique destination port to separate them from any of the source packet flows. The

ports to be used for FEC Repair packets are defined in the FEC Streaming

Configuration Information.



2.2.3 Receiver Operation

[0071] The following describes a possible receiver algorithm, when receiving an FEC

source or repair packet:

1. If an FEC Source packet is received (as indicated by the UDP flow on which

was received):

a. The original source packet is reconstructed by removing the Source FEC

Payload ID, if used. The resulting packet may be buffered to allow time for the

FEC repair.

b. The Source FEC Packet Identification Information is determined from

the Source FEC Payload ID, if used, or by other means.

c . The SPI for the resulting packet is placed into the source block according

to the Source FEC Packet Identification Information and the source block

format described in Section 2.3.2. The IP addresses and UDP ports the packet

was received on/sent from are used to determine the UDP flow ID within the

SPI.

2 . If an FEC repair packet is received (as indicated by the UDP flow on which it

was received), the contained repair symbols are associated with a source block

according to the Repair FEC Payload ED.

3 . If at least one source packet is missing and at least one repair packet has been

received for a source block then FEC decoding may be desirable. The FEC decoder

determines if the source block constructed in step 1 plus the associated repair symbols

received in step 2 contain enough symbols for decoding of any or all of the missing

source symbols in the source block and, if so, performs a decoding operation.

4 . Any SPI that was reconstructed during the decoding operation is then used to

reconstruct the missing source packets and these are buffered as normal received

source packets (see step Ia above).

[0072] Note that the above procedure may result in a situation in which not all original

source packets are recovered.

[0073] Source packets which are correctly received and those which are reconstructed may

be delivered to the application out of order and in a different order from the order of arrival at



the receiver. Alternatively, buffering and packet re-ordering may be required to re-order

received and reconstructed source packets into the order they were placed into the source

block, if that is necessary according to the application.

2.3 Protocol Specification

2.3.1 General

[0074] This section specifies the protocol elements for the FEC Streaming Framework. The

protocol comprises three components which are described in the following sections:

1. Construction of a source block from source packets. The FEC code will be

applied to this source block to produce the repair data.

2. A format for packets containing source data.

3 . A format for packets containing repair data.

[0075] The operation of the FEC Streaming Framework is governed by certain FEC

Streaming Configuration Information. This configuration information is also defined in this

section. A complete protocol specification that uses this framework should specify the means

to determine and communicate this information between sender and receiver.

2.3.2 Structure of the source block

[0076] This clause defines the layout of the source block. The source block comprises a

concatenation of SPI for at least one original source UDP packet.

Let

n be the number of UDP packets in the source block n may be determined

dynamically during the source block construction process.

T be the source symbol size in bytes. Note: this information is provided by the

FEC Scheme as defined in Section 2.3.6

R[i] denote the octets of the UDP payload of the i-th UDP packet to be added to the

source block, 0 <= i < n.

l[i] be the length of R[i] in octets

L[i] denote two octets representing the value of l[i] in network byte order (high

order octet first)



f[i] denote an integer 'UDP flow ID' identifying the UDP flow from which the i-th

packet was taken

FfiJ denote a single octet representing the value of f[i]

sfij be the smallest integer such that s[i]*T >= (l[i]+3). Note s[i] is the length of

SPI[i] in units of symbols.

PfiJ denote s[i]*T-(l[i]+3) zero octets. Note: P[i] are padding octets to align the

start of each UDP packet with the start of a symbol.

SPIfiJ be the concatenation of F[i] ,L[i], R[i] and P[i].

[0077] Then, the source block is constructed by concatenating SPI[i] for i = 0, 2, ... n-1.

The source block size, S, is then given by sum {s[i]*T, i=0, ..., n-1}.

[0078] Source blocks are identified by integer Source Block Numbers and symbols within a

source block by integer Encoding Symbol IDs. This section does not specify how Source

Block Numbers are allocated to source blocks. Symbols are numbered consecutively starting

from zero within the source block. Each source packet is associated with the Encoding

Symbol ID of the first symbol containing SPI for that packet. Thus, the Encoding Symbol ID

value associated with the j-th source packet, ESI[J], is given by

ESI[J] = O, for j=0

ESI[J] = sum{s[i], i=0,...,(/-l)}, for 0 <j <n

[0079] The Source FEC Packet Identification Information comprises the identity of the

source block and the Encoding Symbol ID associated with the packet.

[0080] A UDP flow is uniquely defined by an IP source and destination address and UDP

source and destination port values. The assignment of UDP flow ID values to UDP flows is

part of the FEC Streaming Configuration Information.

2.3.3 Packet format for FEC Source packets

[0081] The packet format for FEC Source packets should be used to transport the payload

of an original source UDP packet. As depicted in Fig. 3, it comprises the original UDP

packet, followed, optionally, by the Source FEC Payload ED field, if used.

[0082] The IP and UDP header fields should be identical to those of the original source

packet. The Original UDP Payload field should be identical to the UDP payload of the



original source packet. The UDP payload of the FEC Source packet should consist of the

Original UDP Payload followed by the Source FEC Payload ID field.

[0083] The Source FEC Payload ID field, if present, contains information required for the

operation of the FEC algorithm, in particular for the derivation of the Source FEC Packet

Identification Information. The format of the Source FEC Payload ID and the derivation of

the Source FEC Packet Identification Information are defined by the FEC Scheme. Note that

the FEC Scheme or CDP may define a means to derive the Source FEC Packet Identification

Information from other information in the source packet (for example the RTP Sequence

number).In this case the Source FEC Payload ID field described here is not appended to the

packet and the Source FEC packet is identical in every way to the original Source packet.

2.3.4 Packet Format for FEC Repair packets

[0084] The packet format for FEC Repair packets is shown in Fig. 4. The UDP payload

comprises a Repair FEC Payload ED field and one or more repair symbols generated by the

FEC encoding process. The Repair FEC Payload ID field contains information required for

the operation of the FEC algorithm. This information is defined by the FEC Scheme. The

format of the Repair FEC Payload ID field is defined by the FEC Scheme.

[0085] Any number of whole repair symbols may be contained within an FEC Repair

packet, subject to packet size restrictions or other restrictions defined by the FEC Scheme.

The number of repair symbols within a packet can be determined from the symbol length and

the packet length. Partial repair symbols should not be included in FEC repair packets.

2.3.5 FEC Streaming Configuration Information

[0086] The FEC Streaming Configuration Information is information that the FEC

Streaming Framework needs in order to apply FEC protection to the UDP flows. A complete

Content Delivery Protocol specification for streaming that uses the framework specified here

should include details of how this information is derived and communicated between sender

and receiver.

[0087] The FEC Streaming Configuration Information includes identification of a number

of UDP packet flows. Each UDP packet flow is uniquely identified by a tuple { Source D?

Address, Destination E? Address, Source UDP port, Destination UDP port }.



[0088] A single instance of the FEC-SF provides FEC protection for all packets of a

specified set of source UDP packet flows, by means of one or more UDP packet flows

containing repair packets. The FEC Streaming Configuration Information includes, for each

instance of the FEC-SF:

1. Identification of the UDP packet flow(s) carrying FEC Repair packets, known

as the FEC repair flow(s).

2 . For each source UDP packet flow protected by the FEC repair flow(s):

a. Identification of the UDP packet flow carrying source packets.

b. An integer identifier, between 0 and 255, for this flow. This identifier

should be unique amongst all source UDP packet flows which are protected by

the same FEC repair flow.

3. The FEC Encoding ID, FEC Instance ED (if applicable) and, optionally, the

symbol size.

[0089] Item (3) above is included in the FEC Object Transmission Information.

[0090] Multiple instances of the FEC-SF, with separate and independent FEC Streaming

Configuration Information, may be present at a sender or receiver. A single instance of the

FEC-SF protects all packets of all the source UDP packet flows identified in (2) above i.e. all

packets on those flows should be FEC Source packets as defined in Section 2.3.3. A single

source UDP packet flow should not be protected by more than one FEC-SF instance.

[0091] A single FEC repair flow provides repair packets for a single instance of the FEC-

SF. Other packets should not be sent within this flow i.e. all packets in the FEC repair flow

should be FEC repair packets as defined in Section 2.3.4and should relate to the same FEC-

SF instance.

[0092] The FEC-SF requires to be informed of the symbol size to be used for each source

block. This information may be included in the FEC Streaming Configuration Information or

it may be communicated by other means, for example within the FEC Repair Payload ED

field. A complete Content Delivery Protocol specification should specify how this

information is communicated between sender and receiver.



2.3.6 FEC Scheme requirements

[0093] The preferred FEC scheme is systematic, is based on discrete source blocks,

specifies how the Source Block Number and Encoding Symbol ID associated with a source

packet are derived or communicated from sender to receiver (for example, within the Source

FEC Payload ID field), and specifies how the symbol length is derived or communicated

from sender to receiver (for example, as part of the FEC Object Transmission Information).

3. FEC Schemes for streaming

3.1 MSCR FEC Scheme for arbitrary packet flows

This clause defines a FEC Scheme for MSCR protection of arbitrary packet flows over UDP.

3.1.1 Formats and Codes

3.1.1.1 FEC Object Transmission Information

3.1.1.1.1 FEC Object Transmission Element

The FEC Object Transmission Element, FEC Encoding ID is set to a predetermined value.

3.1.1.1.2 Common

[0094] This Common FEC Object Transmission Information elements and their value

ranges for this scheme are such that the Maximum Source Block Length is a non-negative

integer less than 21 , in units of symbols, and the Encoding Symbol Size is a non-negative

integer less than 2 16 , in units of bytes. The format for the encoded Common FEC Object

Transmission Information elements can be a four-octet field defined in Fig. 5.

3.1.1.2 FEC Payload ID

3.1.1.2.1 Source FEC Payload ID

[0095] The Source FEC payload ID might be as shown in Fig. 6. There, the Source Block

Number (SBN) (16 bits) is an integer identifier for the source block that the source data

within the packet relates to, and the Encoding Symbol ID (ESI) (16 bits) is the starting

symbol index of the source packet in the source block. The interpretation of the Encoding

Symbol Identifier is defined by the FEC Streaming Framework (See Section 2).



3.1.1.2.2 Repair FEC Payload ID

[0096] The structure of the Repair FEC Payload ID is defined in Fig. 7, where the Source

Block Number (SBN) (16 bits) is an integer identifier for the source block that the repair

symbols within the packet relate to, the Encoding Symbol ID (ESI) (16 bits) is an integer

identifier for the encoding symbols within the packet, and the Source Block Length (SBL)

(16 bits) is the number of source symbols in the source block. The interpretation of the

Source Block Number, Encoding Symbol Identifier and Source Block Length can be as

defined by the FEC Code Specification.

3.1.2 Procedures

[0097] This FEC Scheme uses the procedures of the framework defined in Section 2 to

construct a source block to which the FEC code can be applied. The sender should allocate

Source Block Numbers to source blocks sequentially, wrapping around to zero after Source

Block Number 216-1 . The sender should not construct source blocks which are larger than

the Maximum Source Block Length signaled within the FEC Object Transmission

Information.

3.1.3 FEC Code specification

[0098] The source block passed to the MSCR FEC encoder comprises the Source Block

constructed according to Section 3.1.2 extended with zero or more padding symbols such that

the total number of symbols in the source block is equal to the Maximum Source Block

Length signaled in the FEC Object Transmission Information (see Section 3.1.1.1 .2). Thus

the value of K used by the FEC encoded is equal to the Maximum Source Block Length.

Padding symbols can be bytes set to the value zero.

[0099] The symbol size, T, to be used for source block construction and the repair symbol

construction are is equal to the Encoding Symbol Size signaled in the FEC Object

Transmission Information (see Section 3.1.1.1 .2). The parameter T is set such that the

number of source symbols in any source block is at most KMAX = 8192.

[0100] Recommended parameters are presented in section 3.1.3.3.



3.1.3.1 Encoding packet construction

[0101] As described in section 2.3.4, each repair packet contains the the Source Block

Number (SBN), the Encoding Symbol ID (ESI), the Source Block Length (SBL), and the

repair symbol(s).

[0102] 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 C.3.2 .2 of [2].

[0103] The Source Block Length field of the Repair FEC Payload ID field is set to the

number of symbols included in the Source Packet Information of packets associated with the

source block, i.e., before padding to the Maximum Source Block Length.

3.1.3.2 Transport

[0104] This sub-clause describes the information exchange between the MSCR

encoder/decoder and any transport protocol making use of MSCR FEC for streaming.

[0105] The MSCR encoder for streaming uses 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

[0106] The MSCR encoder supplies the transport protocol with encoding packet

information comprising, for each repair packet:

Source Block Number (SBN)

Encoding Symbol ID (ESI)

Source Block Length (SBL)

- repair symbol(s)

[0107] The transport protocol communicates this information transparently to the MSCR

decoder.



[0108] A suitable transport protocol is defined in this specification.

3.1.3.3 Example parameters

3.1.3.3.1 Parameter derivation algorithm

[0109] This section provides recommendations for the derivation of the transport parameter

T. This recommendation is based on the following input parameters:

B the maximum source block size, in bytes

P the maximum repair packet payload size (not including Repair FEC

Payload ED), in bytes, which should be multiple of A

A the symbol alignment factor, in bytes

- K MAX the maximum number of source symbols per source block. As defined

in [2], KMAX = 8192.

K -MiN minimum target on the number of symbols per source block

GMAX maximum target number of symbols per repair packet

[0110] A requirement on these inputs is that c \{BIP) ≤K MAX - Based on the above inputs,

the transport parameter T is calculated as follows:

Let,

G PIA, G MAX ) - the approximate number of symbols per

packet

T = flooτ(P/(A'G)) 'A

[01 11] The value of T derived above should be considered as a guide to the actual value of

Tused. 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 K MAX ) - 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 ' 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.



[0112] Recommended settings for the input parameters, A, KMIN and GMAX are A = 16, KMIN

= 640, ( = IO.

3.1.3.3.2 Examples

[0113] The above algorithm leads to transport parameters as shown in Table 3 below,

assuming the recommended values for A KMIN and GMAX and P 1424:

Max source block size B G Symbol size T G-T
16KB 10 128 1280
32KB 10 128 1280
128KB 7 192 1344
256KB 4 352 1408

Table 3 : Example parameters settings

3.2 MSCR FEC Scheme for a single sequenced packet flow

[0114] This section defines an alternative FEC Scheme for FEC protection of a single

packet flow in which source packets each carry a unique sequence number. We call such a

packet flow a "sequenced flow". A primary example would be FEC protection of an RTP

flow containing an MPEG-2 Transport Stream within which all data for the service is

multiplexed. In this case the RTP Sequence Numbers can be used to derive the Source FEC

Packet Identification Information.

[0115] Compared to the FEC Scheme defined in Section 3.1, the primary advantage of this

scheme is that it does not modify source packets in any way. As a result this FEC scheme can

be used in the presence of legacy equipment which would not recognize source packets which

had been modified according to the schemes defined in Section 3.1.

[0116] In this FEC Scheme, the role played by the Source FEC Payload E) in the scheme

of Section 3.1 is replaced by the sequence number. The sequence numbers of packets within

each flow to be protected should be incremented by one for each packet in the stream.

[0117] The size of the Source Packet Information within a given Source Block for each

packet within a given sequenced flow should be the same and is derived from the size of the

FEC Repair packets, which should also all be the same size for a given source block.

3.2.1 Formats and Codes

3.2.1.1 FEC Object Transmission Information



3.2.1.1.1 Mandatory

This FEC Scheme is identified by a predetermined FEC Encoding ID.

3.2.1.1.2 Common

See Section 3.1.1. 1.2

3.2.1.1.3 Scheme Specific

No Scheme-specific FEC Object Transmission Information is defined by this FEC Scheme.

3.2.1.2 FEC Payload ID

3.2.1.2.1 Source FEC Payload ID

[01 18] The Source FEC Payload ID field is not used by this FEC Scheme. Source packets

are not modified in any way by this FEC Scheme.

3.2.1.2.2 Repair FEC Payload ID

[01 19] The Repair FEC Payload ID format for this FEC Scheme is shown in Fig. 8. There,

the Initial Sequence Number (Flow i ISN) is a 16-bit field that specifies the lowest 16 bits of

the sequence number of the first packet to be included in this sub-block. If the sequence

numbers are shorter than 16 bits then the received Sequence Number is logically padded with

zero bits to become 16 bits in length respectively. The Encoding Symbol ID (ESI) is a 16-bit

field that indicates which repair symbols are contained within this repair packet. The ESI

provided is the ESI of the first repair symbol in the packet. The Source Block Length (SBL)

is a 16-bit field that the length of the source block in symbols.

3.2.2 Procedures

[0120] This FEC Scheme uses the procedures of the framework defined in Section 2 to

construct a source block to which the FEC code can be applied. In addition to the procedures

defined there, the following procedures apply.

3.2.2.1 Derivation of Source FEC Packet Identification Information

[0121] The Source FEC Packet Identification Information for a source packet is derived

from the sequence number of the packet and information received in the Repair FEC packets.

Source blocks are identified by the sequence number of the first source packet in the block.



This information is signaled in all Repair FEC packets associated with the source block in the

Initial Sequence Number field.

[0122] The length of the Source Packet Information (in bytes) for source packets within a

source block is equal to length of the payload containing encoding symbols of the repair

packets (i.e. not including the Repair FEC Payload ID) for that block, which should all be the

same. The Source Packet Information Length (SPIL) in symbols is equal to this length

divided by the Encoding Symbol Size (which is signaled in the Common FEC Object

Transmission Information).

[0123] The set of source packets which are included in the source block is determined from

the Initial Sequence Number (ISN) and Source Block Length (SBL) as follows:

Let,

/be the Initial Sequence Number of the source block

Lp be the Source Packet Information Length in symbols

L B be the Source Block Length in symbols

Then, source packets with sequence numbers from /to I +LBILP- I inclusive are

included in the source block.

[0124] Note that if no FEC Repair packets are received, then no FEC decoding is possible

and it is unnecessary for the receiver to identify the Source FEC Packet Identification

Information for the source packets.

[0125] The Encoding Symbol ID for a packet is derived from the following information:

The sequence number, Ns, of the packet

The Source Packeting Information Length for the source block, LP

The Initial Sequence Number of the source block, I

[0126] Then the Encoding Symbol ID for packet with sequence number Ns is determined

by the following formula:

ESI =(Ns I ) -Lp



[0127] Note that all repair packet associated to a given Source Block should contain the

same Source Block Length, Source Packet Information Length and Initial Sequence Number.

3.2.2.2 Derivation of repair packet Encoding Symbol IDs

[0128] The Encoding Symbol ID for a repair packet indicates which repair symbols the

packet contains. This is given directly by the Encoding Symbol ID field of the Repair FEC

Payload ED.

3.2.2.3 Procedures for RTP flows

I[0129] n the specific case of RTP packet flows, then the RTP Sequence Number field is

used as the sequence number in the procedures described above.

3.2.3 FEC Code specification

The requirements of section 3.1.3 apply.

3.2.3.1 Example parameters

3.2.3.1.1 Parameter derivation algorithm

[0130] It is recommended that the algorithm of Section 3.1.3.3.1 is used.

[0131] In the case of RTP streams carrying MPEG-2 Transport Streams, then the maximum

repair packet size should be set to

P = ceil((«'188 + 15)/ )

[0132] Where n is the nominal number of 188 byte TS packets per D? Source packet.

[0133] The maximum source block size is determined by application configuration at the

sender.

3.2.3.1.2 Examples

[0134] The above algorithm leads to transport parameters for MPEG-2 Transport Streams

as shown in Table 4 below, assuming the recommended values for A, KMIN and GMAX -



4 Common protocol elements

[0135] This section defines a number of common protocol elements which can be used in

conjunction with the framework defined in Section 2 and the FEC Schemes defined in

Section 3 to construct complete protocols for FEC protection of streaming media.

4.1 FEC Feedback protocol

4.1.1 General

[0136] This section specifies a simple, optional, protocol for receivers to provide feedback

about the reception of FEC data in the case of unicast streams. This feedback maybe used by

senders to adapt the FEC parameters. Feedback is provided about the reception and decoding

success or failure for groups of source blocks, known as 'feedback groups'.

[0137] The capability to accept feedback must be advertised by the sender to the receiver,

along with the IP address and destination UDP port to which the feedback should be sent and

the requested size of the feedback groups on which feedback is requested.

[0138] Feedback is provided on a "best-effort" basis - senders should not rely on receiving

feedback messages.

[0139] In this version of the protocol, a single Feedback Report message is provided which

provides feedback on a single feedback group.

• The following information is provided in each feedback report:

• The number of source blocks in the feedback group

• The number of source blocks in the feedback group received without error

• The number of successfully decoded source blocks in the feedback group

• The number of source blocks which could not be decoded in the feedback group



• The maximum number of packets received for any source block in the feedback group

• The minimum number of packets received for any source block in the feedback group

• The total number of received packets for the feedback

4.1.2 Formats and codes

4.1.2.1 General message format

[0140] FEC Feedback Protocol messages are sent over UDP with the UDP payload

formatted according to Fig. 9 . In such messages, the Version field is set to zero (0) in this

version of the protocol

Message type:

0x00 Feedback report

0x01 - Oxff Reserved

Source Block Identifier:

Identifies the first source block in the group this report refers to. If the FEC Scheme

defines a Source Block Number, then this is used as the Source Block

Identifier.

Number of source blocks:

The number of source blocks to which this report refers

Payload:

The contents of the payload field depend on the message type and are defined below.

4.1.2.2 Message payload format

[0141] The format of the Payload field for the Feedback report is defined in Fig. 10.

Number of "Error Free" Blocks: indicates the number of source blocks from the

feedback group for which decoding was not required because all source packets

were received without error.



Number of "Decoding Successful" blocks: indicates the number of source blocks

from the feedback group for which decoding was required and was completed

successfully.

Number of "Decoding Unsuccessful" blocks: indicates the number of source blocks

from the feedback group for which decoding was required but could not be completed

successfully due to insufficient information being received.

Max Packets Received: indicates the maximum number of packets (source and repair)

that were received for any source block in the feedback group.

Min Packets Received: indicates the minimum number of packets (source and repair)

that were received for any source block in the feedback group.

Total packets received: indicates the total number of packets (source and repair) that

were received for all source blocks in the feedback group.

4.1.3 Procedures

4.1.3.1 FEC Sender procedures

[0142] This section defines the procedures at the device which is sending FEC protected

data and receiving FEC Feedback Protocol data.

4.1.3.1.1 General

[0143] The support of the FEC Feedback Protocol at senders is optional. Senders advertise

support of the FEC Feedback Protocol, the highest version supported, the IP destination

address and UDP destination port that messages should be sent to and the requested size of

feedback groups in the FEC Streaming Configuration Information. The mechanism used to

communicate the FEC Streaming Configuration Information is Content Delivery Protocol

specific.

[0144] The FEC Sender can ignore FEC Feedback Protocol packets received with an

unrecognized version number and FEC Feedback Protocol packets received with a reserved

message type.

[0145] In the case the FEC Feedback Protocol messages are received which are longer than

expected, the Sender should discard the additional bytes and process the message as normal.



4.1.3.1.2 Receipt of Feedback Report messages

[0146] On receipt of a Feedback Report message, the FEC Sender may adapt the FEC

parameters (source block size, sending rate and arrangement etc.) for subsequent source

blocks based on the information received in the Feedback Report Message.

[0147] In the case that the feedback group size is a single source block, and if

• the Feedback Report indicates that the source block was received successfully or was

successfully decoded, and

• the FEC Sender is still sending FEC repair packets for the source blocks,

then the FEC Sender should stop sending FEC repair packets for the source block.

4.1.3.2 FEC receiver procedures

[0148] This section defines the procedures at the device which is receiving FEC protected

data and sending FEC Feedback Protocol data.

4.1.3.2.1 General

[0149] The support of the FEC Feedback Protocol at receivers is optional.

[0150] If support of the FEC Feedback Protocol has not been advertised by the FEC

Sender, then the FEC Receiver should not send FEC Feedback Protocol messages.

[0151] If support of the FEC Feedback Protocol has been advertised by the FEC Sender,

then the FEC Receiver can use the information in the FEC Streaming Configuration

Information to determine the highest version supported by the FEC Sender, the EP destination

address and UDP destination port that messages should be sent to and the size of the feedback

groups.

[0152] The FEC Receiver should not send FEC Feedback Protocol messages with a version

number which is higher than the highest version supported by the FEC Sender.

[0153] The FEC Receiver should determine on a per FEC Streaming Framework instance

basis whether the FEC Feedback Protocol will be used. A feedback group should comprise a

consecutive sequence of Source Blocks except that Source Blocks for which no repair

packets have been received should not be included in any feedback group. The number of



source blocks in a feedback group should be equal to the requested feedback group size

indicated in the FEC Streaming Configuration Information.

[0154] Each Source Block in the feedback group should be categorised either "Error Free",

"Decoding Successful" or "Decoding Unsuccessful" as described in the following sections.

[0155] The FEC receiver should send a Feedback Report message immediately that the

category of all Source Blocks in the feedback group is determined.

4.1.3.2.2 "Error Free" Source Blocks

[0156] A Source Block can be considered "Error free" immediately that the FEC Receiver

determines that FEC decoding will not be necessary for a source block.

4.1.3.2.3 "Decoding Successful" Source Blocks

[0157] A Source Block can be considered as "Decoding Successful" immediately on

successful decoding of the Source Block.

4.1.3.2.4 "Decoding Unsuccessful" Source Blocks

[0158] A Source Block can be considered as "Decoding Unsuccessful" immediately that

the FEC Receiver determines that FEC decoding for the source block is necessary but is not

possible. The FEC Receiver can determine that FEC decoding for a source block is necessary

but is not possible at the point when:

• at least one source symbol for the source block is unknown,

• insufficient repair symbols have been received to decode the source block, and

• source symbols are required by the application (e.g. media player).

[0159] The FEC Receiver may determine that FEC decoding for a source block is

necessary but is not possible at other times, for example if no further repair symbols have

been received for the source block for some time period determined by the FEC Receiver.

4.2 FEC Sending arrangements

[0160] The FEC Streaming Framework defined in Section 2 does not prescribe any

arrangement of transmitted packets. This section described approaches that may be used by

the sender to determine the sending arrangement for the FEC Source and FEC Repair packets

of the stream.



4.2.1 Simple constant rate FEC sending

[0161] This section describes a simple sending arrangement in which the sending rate of

FEC Source Packets and FEC Repair Packets is kept constant within each source block.

[0162] For each source block, source packets are sent first, followed by repair packets. All

packets of one source block are sent before any packets of the subsequent block.

[0163] The sending data rate of all data (source and repair) is constant within the source

block and given by the following formula:

R . repair
send = R.

source

Where:

RSend is the sending rate

Rsource is the source data rate

Drepair is the amount of repair data (bytes, including packetisation overhead)

Dsource is the amount of source data (bytes, including packetisation overhead)

4.3 Determining FEC Source Block boundaries

[0164] This sections presents a number of algorithms that may be used by the sender to

determine FEC Source Block boundaries.

4.3.1 Protection period based

[0165] In this approach, Source Blocks are constructed based on a time period, known as a

"protection period". In general, the protection period is the same for every source block of a

stream. However, it may be varied on a block by block basis.

[01 66] In the case of a real-time stream, the source packets of a source block are exactly

those that arrive within a period of time equal to the protection period.

[0167] In the case of pre-encoded content, the source packets of a source block are exactly

those that would be sent within a period of time equal to the protection period in the normal

sending arrangement for a non-FEC protected stream generated from that content.



[0168] In this approach, using the sending arrangements of Sections 4.2.1 and elsewhere

packets are buffered at the receiver for a time at least equal to the longest playout time of any

source block.

5 Content Delivery Protocols

[0169] This section defines several complete Content Delivery Protocols, making use of the

components defined in Sections 2-4.

5.1 Multicast MPEG-2 Transport Stream

[0170] This section defines a Content Delivery Protocol for FEC protected multicast

delivery of MPEG-2 Transport Streams.

5.1.1 Control protocols

[0171] Session information include:

• The destination UDP port for each repair flow

• The IP multicast address of each repair flow, if multiple repair flow layers are

provided

• The joining order of repair flows, if multiple repair flow layers are provided

• The FEC Object Transmission Information (Maximum Source Block Size and

Encoding Symbol Size)

• The minimum buffering time required at the receiver

The Flow ID for the MPEG-2 TS flow is zero.

5.1.2 Transport protocol

[0172] FEC protection of the MPEG-2 Transport Stream may be provided using

• the FEC Streaming Framework described in Section 2

• the FEC Scheme defined in Section 3.3

• the FEC sending arrangement described in 4.2. 1

• the FEC source block boundary identification mechanism described in 4.3. 1

[0173] Each MPEG-2 Transport Stream should be protected independently.



5.2 Unicast MPEG-2 Transport Stream

[0174] This section defines a Content Delivery Protocol for FEC protected unicast delivery

of MPEG-2 Transport Streams.

5.2.1 Control protocols

[0175] Session information can include:

• The FEC Object Transmission Information (Maximum Source Block Size and

Encoding Symbol Size)

• The minimum buffering time required at the receiver

• Requested FEC Feedback Group size (or zero if feedback not requested)

[0176] The Repair FEC flow associated with a unicast RTP flow can be sent to the

destination UDP port number two higher than the destination UDP port to which the RTP

flow is sent.

[0177] The Flow ED for the MPEG-2 TS flow is zero.

[0178] IfFEC Feedback is requested by the sender and supported by the receiver, then FEC

Feedback messages can be sent to the address/UDP port which are used as the source

address/port for the FEC repair stream from server to receiver.

5.2.2 Transport protocol

[0179] FEC protection of the MPEG-2 Transport Stream may be provided using

• the FEC Streaming Framework described in Section 2

• the FEC Scheme defined in Section 3.3

• the FEC sending arrangement described in 4.2. 1

• the FEC source block boundary identification mechanism described in 4.3. 1

[0180] Each MPEG-2 Transport Stream can be protected independently.

5.3 Generic multicast video

[0181] This section defines a Content Delivery Protocol for FEC protected multicast

delivery of arbitrary audio/video streams (for example H.264 encapsulated in RTP). This



section is provided to describe how FEC can be applied to future extensions to the DVB IPI

Handbook which address direct encapsulation of audio/video streams in RTP.

5.3.1 Control protocols

[0182] Session information includes:

• The destination UDP port for each repair flow

• The IP multicast address of each repair flow, if multiple repair flow layers are

provided

• The joining order of repair flows, if multiple repair flow layers are provided

• The FEC Object Transmission Information (Maximum Source Block Size and

Encoding Symbol Size)

• The IP Multicast addresses, UDP destination port numbers and Flow IDs of the

protected UDP flows (for example audio and video flow).

• The minimum buffering time required at the receiver

5.3.2 Transport protocols

[0183] The audio/video stream is assumed to be carried by one or more UDP flows

(probably RTP flows).

[0184] FEC protection of these UDP flows may be provided using

• the FEC Streaming Framework described in Section 2

• the FEC Scheme defined in Section 3.1

• the FEC sending arrangement described in 4.2. 1

• the FEC source block boundary identification mechanism described in 4.3. 1

5.4 Generic unicast video

[0185] This section defines a Content Delivery Protocol for FEC protected unicast delivery

of arbitrary audio/video streams (for example H.264 encapsulated in RTP). This section is

provided to describe how FEC can be applied to future extensions to the DVB EPI Handbook

which address direct encapsulation of audio/video streams in RTP.



5.4.1 Control protocols

[0186] Session information includes:

• The destination UDP port for the repair flow

• The FEC Object Transmission Information (Maximum Source Block Size and

Encoding Symbol Size)

• The UDP destination port numbers and Flow IDs of the protected UDP flows (for

example audio and video flow).

• The minimum buffering time required at the receiver

• The FEC Feedback group size (or zero if FEC Feedback is not requested)

[0187] IfFEC Feedback is requested by the sender and supported by the receiver, then FEC

Feedback messages can be sent to the address/UDP port which are used as the source

address/port for the FEC repair stream from server to receiver.

5.4.2 Transport protocols

[0188] The audio/video stream is assumed to be carried by one or more UDP flows

(probably RTP flows).

[0189] FEC protection of these UDP flows may be provided using

• the FEC Streaming Framework described in Section 2

• the FEC Scheme defined in Section 3.1

• the FEC sending arrangement described in 4.2. 1

• the FEC source block boundary identification mechanism described in 4.3. 1

6. FEC Streaming Recommendations

[0190] This section provides some further optional recommendations for the use of the

above FEC streaming protocols in the DVB environment.

6.1 Multicast



6.1.1 Layered FEC sending (optional)

[0191] Senders may advertise more than on IP multicast address for repair packets

associated with a single source stream. Senders should send distinct repair packets on each

multicast group.

[0192] Receivers may join any number o f such multicast groups in order to adapt the rate

of received repair packets according to the local error rates.

[0193] However, it should be noted that in order to meet IPTV quality targets, sufficient

overhead must be received to overcome even relatively rare error events and thus receivers

should measure error rates over a sufficiently long period in order to determine the amount o f

repair data required.

6.2 Unicast

6.2.1 Source Block Construction at stream start (optional)

[0194] Source Block boundaries should b e identified using the protection period algorithm

defined in Section 4.4.1. The following algorithm is recommended for determining the

protection periods, FEC overhead and sending rate to be used at any point at which a new

stream is to be played out (e.g. start of stream or when using trick-modes). This algorithm

allocates the initial available bandwidth above the source rate evenly between FEC repair

data and fast buffer fill data. The initial available bandwidth may b e greater than the nominal

(long term) bandwidth or it may be the same, but should not be less.

Let,

Bmax be the initial bandwidth available to the stream (source and FEC)

Bnom be the nominal bandwidth for the stream (source and FEC)

B src be the source bandwidth

Pinit be the initial buffering delay

Pfinai be the target protection period

P be the ith protection period for i=0, 1, . . .

Shit be the initial source sending rate

Pvjnit be the initial repair sending rate



Then,

C
p _ p mil

B

and, for all i such that P < P
na

ι, then

S 1.,P , = P.
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And for all such that P1>- Pβ πat

P - P

[0195] For protection periods of duration less that Pfinal, the source sending rate should be

Sinit and the repair sending rate Rinit. After this, the source sending rate should be reduced to

Bsrc. This arrangement means that during the initial period the source sending rate is higher

than the actual source data rate and thus each protection period contains data which will take

longer to play out than it took to send. As a result the subsequent protection period can be

made longer, according to the algorithm above, without starving the receiver.

[0196] The minimum buffering time at the receiver advertised in the Service Discovery

information should be Pinit.

6.2.2 Use of FEC Feedback (optional)

[0197] FEC Feedback may be used on a long term basis to adjust the FEC Overhead which

is provided to an individual user. However, it should be noted that in order to meet IPTV

quality targets, sufficient overhead must be provided to overcome even relatively rare error

events and thus feedback data gathered over a short period of time is not sufficient to

determine the long-term overhead required.

[0198] In the case that the protection period is significantly longer than the IP round trip

time between sender and receiver, then FEC Feedback may be requested for feedback groups

of a single source block. In this case, feedback reports may be used to abandon sending of

FEC repair packets for a source block in a report is received indicating that this source block

has been successfully received/decoded.



[0199] While the invention has been described with respect to exemplary embodiments,

one skilled in the art will recognize that numerous modifications are possible. For example,

the methods and processes described herein may be implemented using hardware

components, software components, and/or any combination thereof. Thus, although the

invention has been described with respect to exemplary embodiments, it will be appreciated

that the invention is intended to cover all modifications and equivalents within the scope of

the following claims.



WHAT IS CLAIMED IS:

1. A communication system for streaming data, wherein data is streamed from

a transmitter to a receiver such that the receiver can begin to use the streamed data before it is

all received or transmitted, the transmitter comprising:

logic for encoding forward error correction ("FEC") for the data to be transmitted,

whereby a transmitted stream includes data and FEC information and the data is

transmitted using a transmit rate that is greater than a consumption rate of the

receiver.

2 . A communication system for streaming data, wherein data is streamed from

a transmitter to a receiver such that the receiver can begin to use the streamed data before it is

all received or transmitted, the transmitter comprising:

logic for encoding forward error correction ("FEC") for the data to be transmitted,

whereby a transmitted stream includes data and FEC information;

logic for timing transmission such that, at least for part of the transmission, the input rate

of the transmitter is greater than a consumption rate of the receiver; and

logic to vary the amount of FEC and/or input rate excess over the time of streaming

transmission.
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