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Abst ract

Thi s docunment describes Fully-Specified Forward Error Correction
(FEC) Schenes for the Raptor and RaptorQ codes and their application
to reliable delivery of nedia streans in the context of FEC
Framewor k. The Raptor and RaptorQ codes are systematic codes, where
a nunber of repair synbols are generated froma set of source synbols
and sent in one or nore repair flows in addition to the source
synbols that are sent to the receiver(s) within a source flow. The
Rapt or and RaptorQ codes offer close to optinmal protection against
arbitrary packet |osses at a | ow conputational conplexity. Six FEC
Schenes are defined, two for protection of arbitrary packet flows,
two that are optimised for snmall source bl ocks and another two for
protection of a single flow that already contains a sequence nunber.
Repair data may be sent over arbitrary datagramtransport (e.g. UDP)
or using RTP.

Status of this Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on November 11, 2012.
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1. Introduction

The Forward Error Correction (FEC) Framework [ RFC6363] describes a
general framework for the use of Forward Error Correction in
association with arbitrary packet flows. Modeled after the FEC
Bui | di ng Bl ock devel oped by the | ETF Reliable Milticast Transport
wor ki ng group [ RFC5052], the FEC Framework defines the concept of FEC
Schenes whi ch provide specific Forward Error Correction schenes.

Thi s docunment describes six FEC Schenmes whi ch make use of the Raptor
and RaptorQ FEC codes as defined in [RFC5053] and [ RFC6330].

The FEC protection nechanismis independent of the type of the source
data, which can be an arbitrary sequence of packets, for exanple
audi o or video data. In general, the operation of the protection
mechanismis as follows:

0 The sender determ nes a set of source packets (a source block) to
be protected together based on the FEC Framework Configuration
I nf or mati on.

o The sender arranges the source packets into a set of source
synbol s, each of which is the sane size

0 The sender applies the Raptor/RaptorQ protection operation on the
source synbols to generate the required nunber of repair synbols.

o The sender packetizes the repair synbols and sends the repair
packet (s) and the source packets to the receiver(s). Per the FEC
Framewor k requirenents, the sender MJST transnit the source and
repair packets in different source and repair flows, or in the
case Real -tinme Transport Protocol (RTP) transport is used for
repair packets, in different RTP streans.

0o At the receiver side, if all of the source packets are
successfully received, there is no need for FEC recovery and the
repair packets are discarded. However, if there are m ssing
source packets, the repair packets can be used to recover the
m ssing i nformation.

The operation of the FEC nechanismrequires that the receiver can
identify the rel ationships between received source packets and repair
packets and in particular which source packets are missing. |n many
cases, data already exists in the source packets which can be used to
refer to source packets and to identify which packets are m ssing.

In this case we assune it is possible to derive a "sequence nunber”
directly or indirectly fromthe source packets and this sequence
nunmber can be used within the FEC Scheme. This case is referred to
as a "single sequenced flow'. 1In this case the FEC Source Payl oad I D
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defined in [RFC6363] is enpty and the source packets are not nodified
by the application of FEC, with obvious backwards conpatibility
advant ages.

O herwise, it is necessary to add data to the source packets for FEC
purposes in the formof a non-enpty FEC Source Payload ID. This case
is referred to as the "arbitrary packet flow' case. Accordingly,
this docunment defines six FEC Schenes, two for the case of a single
sequenced flow and four for the case of arbitrary packet flows.

2. Docunent Cutline
Thi s docunment is organi sed as foll ows:

0 Section 5 defines general procedures applicable to the use of the
Rapt or and RaptorQ codes in the context of the FEC Framewor k.

0 Section 6 defines an FEC Schenme for the case of arbitrary source
flows and follows the format defined for FEC Schenes in [ RFC6363].
When used with Raptor codes, this scheme is equivalent to that
defined in "3GPP TS 26.346: Miltinmedia Broadcast/Milticast
Service (MBMS); Protocols and codecs" [ MBVMBTS].

0 Section 7 defines an FEC Schenme sinmilar to that defined in
Section 6 but with optim sations for the case where only linited
source bl ock sizes are required. Wen used with Raptor codes,
this schenme is equivalent to that defined in "ETSI TS 102. 034:
Digital Video Broadcasting (DVB); Transport of MPEG 2 Based DVB
Services over | P Based Networks" [dvbts] for arbitrary packet
flows.

0 Section 8 defines an FEC Schene for the case of a single flow
which is already provided with a source packet sequence nunber.
When used with Raptor codes, this schene is equivalent to that
defined in [dvbts] for the case of a single sequenced flow.

3. Requirenents Notation

The key words "MJST", "MJST NOT"', "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this

docunent are to be interpreted as described in [ RFC2119].

4., Definitions and Abbreviations

The definitions, notations and abbreviati ons comonly used in this
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docunent are sunmarized in this section.
4. 1. Definitions

The FEC-specific ternminology used in this docunent is defined in

[RFC6363]. In this docunment, as in [RFC6363], the first letter of
each FEC-specific is capitalized along with the new terns defined
her e:

Synbol: A unit of data. Its size, in octets, is referred to as the

synbol si ze.

FEC Framework Configuration Information: |Information that controls
the operation of the FEC Framework. Each FEC Framewor k instance
has its own configuration information.

4.2. Abbreviations

Thi s docunent uses abbreviations that apply to FEC Framework in

general as defined in [RFC6363]. |In addition, this docunent uses the

foll owi ng abbrevi ations

FSSI: FEC Schene-Specific | nformation.

SS-FSSI:  Sender - Si de FEC- Schene- Specific Information.

RS-FSSI: Recei ver-Si de FEC Schene- Specific Information.

ADU. Application Data Unit

ADUI : Application Data Unit | nformation.

SPI: Source Packet |nfornation.

MSBL: Maxi mum Source Bl ock Length

5. General procedures for Raptor FEC Schenes
This section specifies general procedures which apply to all Raptor
and RaptorQ FEC Schenes, specifically the construction of source
synbols froma set of source transport payl oads.

For any field defined in this docunent, the octets are ordered in
net wor k byte order.

As described in [ RFC6363] for each Application Data Unit (ADU) in a
source bl ock, the FEC Schene is provided wth:
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0 A description of the source data flow with which the ADU is
associ ated and an integer identifier associated with that fl ow
0 The ADU itself.
o The length of the ADU

For each ADU, we define the Application Data Unit Information (ADU )
as foll ows:

Let
o n be the nunber of ADUs in the source bl ock

o T be the source synbol size in octets. Note: this information is
provi ded by the FEC Schene as defined bel ow.

0 i the index to the (i+1)-th ADU to be added to the source block, O
<= i < n.

o f[i] denote the integer identifier associated with the source data
flow fromwhich the i-th ADU was taken.

o F[i] denote a single octet representing the value of f[i].

o I[i] be alength indication associated with the i-th ADU - the
nature of the length indication is defined by the FEC Schene.

0 L[i] denote two octets representing the value of I[i] in network
byte order (high order octet first) of the i-th ADU

0o R[i] denote the nunber of octets in the (i+1)-th ADU

0 s[i] be the smallest integer such that s[i]*T >= (I[i]+3). Note
s[i] is the length of SPI[i] in units of synbols of size T octets.

o P[i] denote s[i]*T-(I[i]+3) zero octets. Note: P[i] are padding
octets to align the start of each UDP packet with the start of a
symnbol .

o ADU[i] be the concatenation of F[i] ,L[i], Ri] and P[i].

Then, a source data block is constructed by concatenating ADU [i] for
i =0, 1, 2, ... n-1. The source data block size, S, is then given
by sum {s[i]*T, i=0, ..., n-1}. Synbols are allocated integer
Encodi ng Synbol 1Ds consecutively starting fromzero within the
source block. Each ADU is associated with the Encodi ng Synbol |D of
the first symbol containing SPI for that packet. Thus, the Encoding
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Synmbol | D val ue associated with the j-th source packet, ESI[j], is
given by ESI[j] =0, for j=0 and ESI[j] = sum{s[i], i=0,...,(j-1)},
for 0 <j <n.

Source bl ocks are identified by integer Source Bl ock Nunbers. This
speci fication does not specify how Source Bl ock Nunmbers are all ocated
to source blocks. The Source FEC Packet Ildentification Information

consists of the identity of the source block and the Encodi ng Synbol
I D associated with the packet.

6. Raptor FEC Schenes for arbitrary packet flows

6.1. Introduction
This section specifies an FEC Schene for the application of the
Rapt or and RaptorQ codes to arbitrary packet flows. This schene is

reconmended i n scenarios where nmaxi mal generality is required.

When used with the Raptor codes specified in [ RFC5053], this schene
is equivalent to that specified in [ MBMSTS].

6.2. Formats and Codes

6.2.1. FEC Franework Configuration |Infornmation

6.2.1.1. FEC Schene ID
The val ue of the FEC Schene ID for the fully-specified FEC schene
defined in this section is XXX1 when [ RFC5053] is used and XXX2 when
[ RFC6330] is used, as assigned by | ANA

NOTE: To the RFC Editor: please change these XXX notations once
assigned, and renove this NOTE.

6.2.1.2. Schene-Specific Elenments

The schene-specific el ements of the FEC Framework Configuration
information for this schene are as foll ows:

MSBL Val ue range: An non-negative integer |ess than 8192 for FEC
Schene XXX1 and | ess than 56403 for FEC Schene XXX2, in units of
synmbols. The field type is unsigned integer

Encodi ng Synbol Size Name: "T", Value range: A non-negative

i nteger less than 65536, in units of octets. The field type is
unsi gned i nt eger
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Payl oad I D Format Name: "P", Value range: "A" or "B'". The P bit
shall be set to zero to indicate Payload ID Format A or to one to
i ndi cate Payload ID Format B

An encoding format for the MSBL and Encodi ng Synbol Size is defined
bel ow.

1 2 3
01234567890123456789012345678901
T o i I S i S S S I  h i e s
[ Symbol Size (T) [ MSBL [
T T i S i il S SIS S S S
| PI Reserved |
B el o e e O

Figure 1: FEC Schene Specific Information

The P bit shall be set to zero to indicate Payload ID Format A or to
one to indicate Payload ID Format B. The | ast octet of FEC Schemne
Specific Informati on SHOULD be omitted indicating that Payload ID
Format Ais in use. The Payload ID Format identifier defines which
of the Source FEC Payload |ID and Repair FEC Payload ID formats
defined bel ow shall be used. Payload ID Format B SHALL NOT be used
for FEC Scheme XXX1. The two formats enable different use cases.
Format A is appropriate in case the stream has nmany typically smaller
source blocks and Format B is applicable if the stream has fewer

| arge source bl ocks each with many encodi ng synbol s.

6.2.2. Source FEC Payl oad ID

This scheme makes use of an Explicit Source FEC Payl oad I D, which is
appended to the end of the source packets. Two formats are defined
for the Source FEC Payload ID, format A and format B. The format that

is used is signaled as part of the FEC Framework Configuration
I nf ormati on.

The Source FEC Payload ID for format Ais provided in Figure 2
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1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Sour ce Bl ock Nunber (SBN) [ Encodi ng Synbol 1D (ESI) [
B i i S S i I e i S S R L e e e e

Fi gure 2: Source FEC Payload ID - Format A

Sour ce Bl ock Nunber (SBN), (16 bits): Identifier for the source
bl ock that the source data within the packet relates. The field
type i s unsigned integer.

Encodi ng Synmbol ID (ESI), (16 bits): The starting synmbol index of
the source packet in the source block. The field type is unsigned
i nt eger.

The Source FEC Payload ID for format B is provided in Figure 3.

1 2 3
01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| SBN | Encodi ng Synbol 1D (ESI) |
B E e r e s i s i o T T s S S S S 2

Figure 3: Source FEC Payload ID - Format B

Source Bl ock Nunber (SBN), (8 bits): Identifier for the source bl ock
that the source data within the packet relates. The field type is
unsi gned i nteger.

Encodi ng Synbol 1D (ESI), (24 bits): The starting synmbol index of
the source packet in the source block. The field type is unsigned
i nteger.

6.2.3. Repair FEC Payload ID

Two formats for the Repair FEC Payload ID, Format A and Format B are
defined bel ow.

The Repair FEC Payload ID for format Ais provided in Figure 4.
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1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Sour ce Bl ock Nunber (SBN) [ Encodi ng Synbol 1D (ESI) [
B e i i e o e e S T S e e s i i TR S
[ Source Bl ock Length (SBL) [
B o I NI S R S S R T S T S S

Figure 4: Repair FEC Payload ID - Format A

Sour ce Bl ock Nunber (SBN), (16 bits) Identifier for the source bl ock
that the repair synmbols within the packet relate. For format A
it is of size 16 bits. The field type is unsigned integer.

Encodi ng Synbol 1D (ESI), (16 bits) Ildentifier for the encoding
synbols within the packet. The field type is unsigned integer.

Source Bl ock Length (SBL), (16 bits) The nunber of source synbols in
the source block. The field type is unsigned integer.

The Repair FEC Payload ID for format B is provided in Figure 5.

1 2 3
01234567890123456789012345678901
B T T i I T T o S S S e b S S S
| SBN | Encodi ng Synmbol 1D (ESI) |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o
| Source Bl ock Length (SBL) |
B s T I i R S e T S e i S R

Figure 5: Repair FEC Payload ID - Format B

Sour ce Bl ock Nunber (SBN), (8 bits) Ildentifier for the source bl ock
that the repair synmbols within the packet relate. For fornat B,
it is of size 8 bits. The field type is unsigned integer.

Encodi ng Synbol 1D (ESI), (24 bits) ldentifier for the encoding
synmbols within the packet. The field type is unsigned integer.

Source Bl ock Length (SBL), (16 bits) The nunber of source synbols in
the source block. The field type is unsigned integer.

The interpretation of the Source Bl ock Nunmber, Encodi ng Synbol
Identifier and Source Block Length is defined by the FEC Code

Specification in [ RFC5053] for FEC Schenme XXX1 and [ RFC6330] for FEC
Scheme XXX2.

Wat son, et al. Expi res Novenber 11, 2012 [ Page 12]



Internet-Draft Rapt or FEC Schene May 2012

6.3. Procedures

6

6

6. 4.

3.1. Source synbol construction

3.

FEC Schene XXX1 and FEC Schene XXX2 use the procedures defined in
Section 5 to construct a set of source synbols to which the FEC code
can be applied. The sender MJST all ocate Source Bl ock Numbers to
source bl ocks sequentially, wapping around to zero after Source

Bl ock Nunmber 65535 (Format A) or 255 (Format B)

During the construction of the source bl ock

o the length indication, I[i], included in the Source Packet
Information for each packet shall be the transport payl oad | ength,
i.e. the length of the ADU

o the value of s[i] in the construction of the Source Packet
Information for each packet shall be the smallest integer such
that s[i]*T >= (I[i]+3).

2. Repair packet construction

For FEC Scheme XXX1, the ESI value placed into a repair packet is
cal cul ated as specified in Section 5.3.2 of [RFC5053].

For FEC Scheme XXX2 [ RFC6330], the ESI value placed into a repair
packet is calculated as specified in Section 4.4.2 of [RFC6330].

In both cases Kis identical to SBL.
FEC Code Specification

The FEC encoder defined in [RFC5053] SHALL be used FEC Scheme XXX1
and the FEC encoder defined in [RFC6330] SHALL be used for FEC Schene
XXX2. For both FEC Schenme XXX1 and FEC Scheme XXX2, the source
synbol s passed to the FEC encoder SHALL consist of the source synbols
constructed according to Section 6.3.1. Thus the value of the
paraneter K used by the FEC encoder (equal to the Source Bl ock
Length) may vary anongst the bl ocks of the stream but SHALL NOT
exceed the Maxi mum Source Bl ock Length signaled in the FEC Schene-
specific information. The synbol size, T, to be used for source

bl ock construction and the repair synbol construction is equal to the
Encodi ng Synbol Size signaled in the FEC Schenme Specific Information.

Optinmised Raptor FEC Schene for arbitrary packet flows
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7.1. Introduction

This section specifies a slightly nodified version of the FEC Schene
specified in Section 6 which is applicable to scenarios in which only
relatively small block sizes will be used. These nodifications adnmit
substantial optimisations to both sender and receiver

i mpl emrent ati ons.

In outline, the nodifications are:

o0 All source blocks within a stream are encoded using the sane
source bl ock size. Code shortening is used to encode bl ocks of
different sizes. This is achieved by padding every block to the
required size using zero synbols before encoding. The zero
synbol s are then discarded after decoding. The source block size
to be used for a streamis signaled in the Maxi mum Source Bl ock
Length (MSBL) field of the schene-specific information. The
extended source block is constructed by adding zero or nore
paddi ng synbol s such that the total nunber of synbols, MSBL, is
one of the values listed in Section 7.4. Each paddi ng symnbol
consists of T octets where the value of each octet is zero. MSBL
MUST be sel ected as the small est value of the possible values in
Section 7.4 that is greater than or equal to K

0 The possible choices of the MSBL for a streamis restricted to a
smal | specified set. This allows explicit operation sequences for
encodi ng and decoding the restricted set of source bl ock | engths
to be pre-cal cul ated and enbedded in software or hardware

When used with the Raptor codes specified in [ RFC5053], this schene

is equivalent to that specified in [dvbts] for arbitrary packet

flows.
7.2. Formats and Codes
7.2.1. FEC Franework Configuration Infornmation
7.2.1.1. FEC Schene ID

The val ue of the FEC Schene ID for the fully-specified FEC schene
defined in this section is XXX3 when [ RFC5053] is used and XXX4 when
[ RFC6330] is used, as assigned by | ANA

NOTE: To the RFC Editor: please change these XXX notations once
assigned, and renove this NOTE.
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7.2.1.2. FEC Schene specific information

The sane as specified for FEC Schene XXX1 for FEC Scheme XXX3, and
the sane as specified for FEC Schene XXX2 for FEC Schene XXX4, as
specified in Section 6.2.1.2, except that the MSBL value is as
defined in Section 7.4.

7.2.2. Source FEC Payload ID

The sane as specified for FEC Schene XXX1 for FEC Schene XXX3, and
the sane as specified for FEC Schene XXX2 for FEC Schene XXX4, as
specified in Section 6.2.2.

7.2.3. Repair FEC Payload ID

The sane as specified for FEC Schene XXX1 for FEC Schene XXX3, and
the sane as specified for FEC Schene XXX2 for FEC Schene XXX4, as
specified in Section 6.2.3.

7.3. Procedures

7.3.1. Source synbol construction
See Section 6.3.1.

7.3.2. Repair packet construction

The nunber of repair synbols contained within a repair packet is
computed fromthe packet length. The ESI value placed into a repair
packet is calculated as X + MSBL - SBL, where X would be the ES

val ue of the repair packet if the ESI were calcul ated as specified in
Section 5.3.2 of [RFC5053] for FEC Scheme XXX3 and as specified in
Section 4.4.2 of [RFC6330] for FEC Scheme XXX4, where K=SBL. The

val ue of SBL SHALL be at npbst the val ue of NMSBL.

7.4. FEC Code Specification

The FEC encoder defined in [ RFC5053] SHALL be used for FEC Schene
XXX3 and the FEC encoder defined in [RFC6330] SHALL be used for FEC
Schenme XXX4. The source synbols passed to the FEC encoder SHALL
consi st of the source synbols constructed according to Section 6.3.1
extended with zero or nore paddi ng synbols. The extension SHALL be
such that the total nunber of synbols in the source block is equal to
the MSBL signaled in the FEC Scheme Specific Information. Thus the
val ue of the parameter K used by the FEC encoded is equal to the MSBL
for all blocks of the stream Padding synbols shall consist entirely
of octets set to the value zero. The synbol size, T, to be used for
source bl ock construction and the repair synbol construction is equa
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to the Encodi ng Synbol Size signaled in the FEC Schenme Specific
I nformati on.

For FEC Schenme XXX3, the paraneter T SHALL be set such that the
nunber of source synbols in any source block is at nost 8192. The
MSBL paraneter, and hence the nunber of synbols used in the FEC
Encodi ng and Decodi ng operations, SHALL be set to one of the

foll owi ng val ues:

101, 120, 148, 164, 212, 237, 297, 371, 450, 560, 680, 842, 1031,
1139, 1281

For FEC Scheme XXX4, the paraneter T SHALL be set such that the
nunber of source synbols in any source block is |ess than 56403. The
MSBL paraneter SHALL be set to one of the supported values for K
defined in Section 5.6 of [RFC6330].

8. Raptor FEC Schene for a single sequenced flow

8.1. Formats and codes

8.1.1. FEC Framework Configuration Information

8.1.1.1. FEC Scherme ID
The val ue of the FEC Scheme ID for the fully-specified FEC schene
defined in this section is XXX5 when [ RFC5053] is used and XXX6 when
[ RFC6330] is used, as assigned by | ANA

NOTE: To the RFC Editor: please change these XXX notations once
assigned, and renove this NOTE.

8.1.1.2. Schene-specific elenents
The sane as specified for FEC Schene XXX1 for FEC Schenme XXX5, and
the same as specified for FEC Scheme XXX2 for FEC Schenme XXX6, as
specified in Section 6.2.1.2.

8.1.2. Source FEC Payload ID

The Source FEC Payload ID field is not used by this FEC Schene.
Sour ce packets are not nodified by this FEC Schene.

8.1.3. Repair FEC Payload ID

Two formats for the Repair FEC Payload |ID are defined, Format A and
Format B.
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1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Initial Sequence Number [ Source Bl ock Length [
B i i S S i I e i S S R L e e e e
[ Encodi ng Synbol ID [
B o I NI S R S S R T S T S S

Figure 6: Repair FEC Payload ID - Format A

Initial Sequence Nunmber (Flowi ISN) - 16 bits This field specifies
the I owest 16 bits of the sequence nunber of the first packet to
be included in this sub-block. |If the sequence nunbers are
shorter than 16 bits then the received Sequence Nunber SHALL be
| ogically padded with zero bits to become 16 bits in length
respectively. The field type is unsigned integer

Source Bl ock Length (SBL) - 16 bits This field specifies the length

of the source block in synbols. The field type is unsigned
i nt eger.

Encodi ng Synbol ID (ESI) - 16 bits This field indicates which repair
synbols are contained within this repair packet. The ESI provided
is the ESI of the first repair synbol in the packet. The field
type is unsigned integer.

1 2 3
01234567890123456789012345678901
B i i S S i I e i S S R L e e e e
| Initial Sequence Number | Sour ce Bl ock Length |
R R e R e s s e o S S e R e o o
| Encodi ng Synbol 1D |
B i i S S I T i i T S R

Figure 7: Repair FEC Payload ID - Format B

Initial Sequence Number (Flow i ISN) - 16 bits This field specifies
the I owest 16 bits of the sequence nunber of the first packet to
be included in this sub-block. |If the sequence nunbers are
shorter than 16 bits then the recei ved Sequence Nunber SHALL be
| ogically padded with zero bits to beconme 16 bits in length
respectively. The field type is unsigned integer

Source Block Length (SBL) - 16 bits This field specifies the length

of the source block in synbols. The field type is unsigned
i nteger.
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8.

8.

8.

Encodi ng Synbol ID (ESI) - 24 bits This field indicates which repair
synbol s are contained within this repair packet. The ESI provided
is the ESI of the first repair synbol in the packet. The field
type is unsigned integer.

2. Procedures

2

2

1. Source synbol construction

FEC Schene XXX5 and FEC Schene XXX6 use the procedures defined in
Section 5 to construct a set of source synbols to which the FEC code
can be appli ed.

During the construction of the source bl ock

o the length indication, I[i], included in the Source Packet
Information for each packet shall be dependent on the protoco
carried within the transport payload. Rules for RTP are specified
bel ow.

o the value of s[i] in the construction of the Source Packet
Information for each packet shall be the snallest integer such
that s[i]*T >= (I[i]+3)

2. Derivation of Source FEC Packet |dentification |Information

The Source FEC Packet ldentification Information for a source packet
is derived fromthe sequence nunber of the packet and information
received in any repair FEC packet belonging to this Source Bl ock
Source bl ocks are identified by the sequence nunber 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 Nunber field.

The | ength of the Source Packet Information (in octets) for source
packets within a source block is equal to |l ength of the payl oad
cont ai ni ng encodi ng synbols of the repair packets (i.e. not including
the Repair FEC Payload ID) for that block, which MIST be the sane for
all repair packets. The Application Data Unit Information Length
(ADUIL) in synbols is equal to this length divided by the Encoding
Synbol Size (which is signaled in the FEC Franmework Configuration
Information). The set of source packets which are included in the
source block is determined fromthe Initial Sequence Nunmber (ISN) and
Source Bl ock Length (SBL) as foll ows:

Let,
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o | be the Initial Sequence Nunmber of the source bl ock

0 LP be the Source Packet Information Length in synbols

0 LB be the Source Block Length in synbols

Then, source packets with sequence nunbers froml to | +(LB/LP)-1
inclusive are included in the source block. The Source Bl ock Length
LB MJUST be chosen such that it is at |east as large as the |argest
Sour ce Packet Information Length LP

Note that if no FEC repair packets are received then no FEC decodi ng
is possible and it is unnecessary for the receiver to identify the
Source FEC Packet ldentification Information for the source packets.

The Encoding Synbol ID for a packet is derived fromthe foll ow ng
i nformation:

0 The sequence nunber, Ns, of the packet
0 The Source Packet Information Length for the source block, LP
o The Initial Sequence Nunber of the source block, |

Then the Encodi ng Synbol ID for packet wi th sequence nunber Ns is
determ ned by the follow ng formul a:

ESI = ( Ns - | ) * LP

Note that all repair packet associated to a given Source Bl ock MJST
contain the sane Source Bl ock Length and Initial Sequence Number.

Note al so that the source packet flow processed by the FEC encoder
MUST have consecutive sequence nunbers. |In case the incom ng source
packet flow has a gap in the sequence nunbers then inplenentors
SHOULD insert an ADU in the source block that conplies to the fornmat
of the source packet flow, but is ignored at the application with
hi gh probability. For additional guidelines refer to [ RFC6363],
Section 10. 2, paragraph 5.

8.2.3. Repair packet construction
See Section 7.3.2
8.2.4. Procedures for RTP source flows

In the specific case of RTP source packet flows, then the RTP
Sequence Nunber field SHALL be used as the sequence nunber in the
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procedures descri bed above. The length indication included in the
Application Data Unit Information SHALL be the RTP payl oad | ength
plus the length of the CSRCs, if any, the RTP Header Extension, if
present, and the RTP padding octets, if any. Note that this length
is always equal to the UDP payload | ength of the packet mnus 12

8.3. FEC Code Specification

The sane as specified for FEC Schene XXX3 for FEC Scheme XXX5, and
the sane as specified for FEC Schene XXX4 for FEC Schene XXX6, as
specified in Section 7.4.

9. Security Considerations

For the general security considerations related to the use of FEC
refer to [RFC6363]. Al so consider relevant security considerations
in [ RFC5053] and [RFC6330]. No security vulnerabilities specific to
this docunment have been identified.

10. Session Description Protocol (SDP) Signaling

This section provides an SDP [ RFC4566] exanple. The syntax foll ows
the definition in [ RFC6364] .Assune we have one source video stream
(md:S1) and one FEC repair stream (nid:Rl). W form one FEC group
with the "a=group: FEC-FR S1 R1" line. The source and repair streans
are sent to the sane port on different nulticast groups. The repair
wi ndow is set to 200 ns.

i 1122334455 1122334466 I N | P4 fec. exanpl e. com
pt or FEC Exanpl e

SPe O

QO —~+w o<
i
o

group: FEC-FR S1 R1

mrvi deo 30000 RTP/ AVP 100
c=I N | P4 233.252.0.1/127
a=rtpmap: 100 MP2T/ 90000

a=f ec-source-flow id=0
a=m d: S1

m=appl i cati on 30000 UDP/ FEC
c=I N | P4 233.252.0.2/127
a=fec-repair-flow encoding-id=6; fssi=Kmax:8192, T: 128, P: A
a=r epai r -wi ndow: 200ns
a=m d: Rl
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11. Congestion Control Considerations

For the general congestion control considerations related to the use
of FEC, refer to [ RFC6363].

12. | ANA Consi derations
12.1. Registration of FEC Schene |Ds

The val ue of FEC Schene IDs is subject to | ANA registration. For
general guidelines on | ANA considerations as they apply to this
docunent, refer to [ RFC6363].

Thi s docunment registers six values in the FEC Franmewor k ( FECFRAME)
FEC Encoding IDs registry (http://ww.iana.org/assignnments/
rm-fec-paraneters/rnt-fec-paraneters. xn #f ecframe-fec-encodi ng-i ds)
as provided in Table 1. Each value refers to a fully-specified FEC
schene.

NOTE: To the RFC Editor: please change these XXX notations once
assigned, and renove this NOTE.

[ RS o e e e oo e e e e e e e e e ee e +
| FEC | FEC Schene | Reference |
| Encoding | Description | |
| ID I I I
Fom e o - Fom e e e e oo oo o mm e e e e e e e e e e e e oo oo +
| XXX1 | Raptor FEC Schene | Section 6 in this docunent using |
| | for Arbitrary | [ RFC5053] |
| | Packet Fl ows | |
Fomm e e e o - Fom e e e e e e e e oo s +
| XXX2 | RaptorQ FEC Schene | Section 6 in this docunment using |
[ | for Arbitrary | [RFC6330]. [
| | Packet Fl ows | |
[ RS o e e e oo e e e e e e e e e ee e +
XXX3 Rapt or FEC Schene Section 7 in this docunment using

Optinmised for

I I
| | Raptor [RFC5053].
| Arbitrary Packet |
I I

Fl ows
(R e o m e e +
| XXX4 | RaptorQ FEC Schene | XXX4 for the Optimsed RaptorQ |
| | Optimsed for | FEC Schene for Arbitrary Packet |
| | Arbitrary Packet | Flows (Section 7) using RaptorQ |
| | Fl ows | [RFC6330]. |
Fom e o - Fom e e e e oo oo o mm e e e e e e e e e e e e oo oo +
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| Raptor FEC Schene | XXX5 for the Raptor FEC Schene |
| for a single | for a single sequence flow |
| sequence flow | (Section 8) using Raptor [
I I I

[ RFC5053] .
T ' +
| RaptorQ FEC Schene | XXX6 for the RaptorQ FEC Schene |
| for a single | for a single sequence flow |
| sequence flow | (Section 8) using RaptorQ |
[ | [RFC6330] . [
. S +

Tabl e 1: FEC Framewor k (FECFRAME) FEC Encoding | Ds
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