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Guidelines for Inplenenting Digital Video Broadcasting - |PTV (DVB-1PTV)
Application-Layer Hybrid Forward Error Correction (FEC) Protection

Abst ract

Annex E of the Digital Video Broadcasting - |PTV (DVB-1PTV) technica
specification defines an optional Application-Layer Forward Error
Correction (AL-FEC) protocol to protect the streaning nedia
transported using RTP. The DVB-IPTV AL-FEC protocol uses two |ayers
for FEC protection. The first (base) layer is based on the 1-D
interleaved parity code. The second (enhancenent) |ayer is based on
the Raptor code. By offering a |ayered approach, the DVB-1PTV AL-FEC
protocol offers good protection against both bursty and random packet
| osses at a cost of decent conplexity. This docunent describes how
one can inplenment the DVB-1PTV AL- FEC protocol by using the 1-D
interleaved parity code and Raptor code that have al ready been
specified in separate documents

Status of This Meno

Thi s docunent is not an Internet Standards Track specification; it is
publ i shed for informational purposes.

Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Goup (IESG. Not all docunents
approved by the | ESG are a candidate for any |evel of Internet

St andard; see Section 2 of RFC 5741.

I nformati on about the current status of this docunent, any errata,
and how to provide feedback on it nmay be obtained at
http://ww. rfc-editor.org/info/rfc6683
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1. Introduction

In 2007, the IP Infrastructure (I1Pl) Technical Mdule (TM of the
Digital Video Broadcasting (DVB) consortium published a technica
specification [ ETSI-TS-102-034v1. 3. 1] through the European

Tel ecommuni cations Standards Institute (ETSI).

[ ETSI - TS-102-034v1. 3. 1] covers several areas related to the
transm ssion of MPE& transport stream based services over |P

net wor ks.

Annex E of [ETSI-TS-102-034v1. 3. 1] defines an optional protocol for
Application-Layer Forward Error Correction (AL-FEC) to protect the
stream ng nedia for DVB-IP services transported using RTP [ RFC3550].
In 2009, DVB updated the specification in a newrevision that is

avail abl e as [ETSI-TS-102-034v1.4.1]. Anong others, some updates and

nmodi fi cations to the AL-FEC protocol have been made. This docunent

descri bes how one can inplenent the DVB-1PTV AL- FEC protocol by using

the 1-Dinterleaved parity code [ RFC6015] and Raptor code
specifications [ RFC6681] [ RFC6682].
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The DVB-1 PTV AL-FEC protocol uses two |layers for protection: a base
|l ayer that is produced by the 1-D interl eaved parity code (al so
simply referred to as "parity code" in the remainder of this
docunent), and an enhancenent |ayer that is produced by the Raptor
code. Wenever a receiver supports the DVB-1PTV AL-FEC protocol, the
decodi ng support for the base-layer FEC is nandatory while the
decodi ng support for the enhancenent-layer FEC is optional. Both the
interleaved parity code and the Raptor code are systematic FEC codes,
meani ng that source packets are not nodified in any way during the
FEC encodi ng process.

The DVB-1| PTV AL- FEC protocol considers protection of single-sequence
source RTP flows only. In the AL-FEC protocol, the source stream can
only be an MPEG 2 transport stream The FEC data at each |layer are
gener ated based on sone configuration information, which al so

determ nes the exact associations and rel ati onshi ps between the
source and repair packets. This docunent shows how this
configuration may be comuni cat ed out-of-band in the Session
Description Protocol (SDP) [RFC4566].

In DVB-1PTV AL-FEC, the source packets are carried in the source RTP
stream and the generated FEC repair packets at each layer are carried
in separate streans. At the receiver side, if all of the source
packets are successfully received, there is no need for FEC recovery
and the repair packets may be discarded. However, if there are

m ssing source packets, the repair packets can be used to recover the
m ssing i nformation.

The bl ock di agram of the encoder side for the systematic DVB-1PTV

AL- FEC protection is described in Figure 1. Here, the source packets
are fed into the parity encoder to produce the parity repair packets.
The source packets may al so be fed to the Raptor encoder to produce
the Raptor repair packets. Source packets as well as the repair
packets are then sent to the receiver(s) over an |IP network
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Figure 1: Block Diagramfor the DVB-1PTV AL- FEC Encoder

The bl ock di agram of the decoder side for the systematic DVB-1PTV
AL- FEC protection is described in Figure 2. This is a mninmm
performance decoder since the receiver only supports decoding the
base-l ayer repair packets. |If there is a |oss anong the source
packets, the parity decoder attenpts to recover the nissing source
packets by using the base-layer repair packets.

. +
+- -+ X X -+ > Systematic | -> +--+ +--4+ +--+ +--+
+--+ +--+ | FEC Protection| e e SR N SR
Fomm e e o +
+==+ +==+ 4==+ --> | Parity |
+==+ +==+ +==+ | Decoder |
. +

Lost Packet: X

Figure 2: Block Diagramfor the DVB-I1PTV AL- FEC M ni num Per f or mance
Decoder

On the other hand, if the receiver supports decodi ng both the base-
| ayer and enhancenent -l ayer repair packets, a conbi ned (hybrid)
decodi ng approach is enployed to inprove the recovery rate of the

| ost packets. In this case, the decoder is called an enhanced
decoder. Section 2.3 outlines the procedures for hybrid decoding.
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R T +
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Lost Packet: X
Figure 3: Block Diagramfor the DVB-1PTV AL- FEC Enhanced Decoder
2. DVB-1PTV AL-FEC Specification

The DVB- | PTV AL- FEC protocol conprises two |ayers of FEC protection:
1-Dinterleaved parity FEC for the base |ayer and Raptor FEC for the
enhancement | ayer. The performance of these FEC codes has been
exam ned in detail in [DVB-Al115].

2.1. Base-Layer FEC

The 1-D interleaved parity FEC uses the exclusive OR (XOR) operation
to generate the repair synbols. In a group of D x L source packets,
the XOR operation is applied to each group of D source packets whose
sequence nunbers are L apart fromeach other to generate a total of L
repair packets. Due to interleaving, this FEC is effective against
bursty packet |osses up to burst sizes of length L.

The DVB-1PTV AL-FEC protocol requires that the D x L block of the
source packets protected by the 1-D interl eaved FEC code be whol ly
contained within a single source block of the Raptor code, if both
FEC | ayers are used.

Oiginally, the DVB-1PTV AL-FEC protocol had adopted the 1-D

i nterl eaved FEC payl oad format from [ SMPTE2022-1] in

[ ETSI - TS-102-034v1. 3. 1]. However, some inconpatibilities with RTP

[ RFC3550] have been discovered in this specification. These issues
have all been addressed in [RFC6015] (for details, refer to Section 1
of [RFC6015]). Sone of the changes required by [ RFC6015] are,
however, not backward conpatible with the existing inplenmentations
that were based on [ SMPTE2022-1].

In a recent liaison statement fromthe |ETF AVT Weto DVB TMIPI, it
has been reconmended that DVB TM I Pl define a new RTP profile for the
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AL- FEC protocol since in the new profile, several of the issues could
easily be addressed wi thout jeopardizing the conpliance to RTP
[ RFC3550] .

At the witing of this docunent, it was not clear whether or not a

new RTP profile would be defined for the AL- FEC protocol. DVB TMIPI
attenpted to address some of the issues in the updated specification
[ ETSI - TS-102- 034v1. 4. 1]; however, there are still outstanding issues.

The following is a list of the exceptions that need to be considered
by an inplenentation adopting [ RFC6015] to be conpliant with the DVB-
| PTV AL- FEC protocol as specified in [ETSI-TS-102-034v1.4.1].

0 SSRC (synchronization source)
The DVB-1PTV AL-FEC protocol requires that the SSRC fields of the
FEC packets be set to zero

This requirenment conflicts with RTP [ RFC3550]. Unl ess signal ed
ot herwi se, RTP uses random SSRC val ues with collision detection
An explicit SSRC signaling nechanismis currently defined in

[ RFC5576] and can be used for this purpose.

0 CSRC (contributing source)
The DVB-I| PTV AL- FEC protocol does not support the protection of
the CSRC entries in the source packets. Thus, in an
i mpl ement ati on conpliant to DVB-1PTV AL-FEC protocol, the source
stream must not have any CSRC entries in its packets, and
subsequently the CC fields of the source RTP packets will be zero.

Note that if there are no RTP nmixers used in a systemrunning the
DVB- | PTV AL- FEC protocol, the CC field of the source RTP packets
will be zero and this is no longer an issue. Thus, if defined,
the new RTP profile for the DVB-1PTV AL-FEC protocol should forbid
the use of any RTP nmi xers.

o Tinestanp
In the DVB-1PTV AL-FEC protocol, the timestanp fields of the FEC
packets are ignored by the receivers.

o Payl oad Type
The DVB-1|PTV AL-FEC protocol sets the PT fields of the FEC packets
to 96.

A static payl oad type assignnment for the base-layer FEC packets is
out side the scope of [RFC6015]. |If defined, the new RTP profile
for the DVB-1PTV AL-FEC protocol nmamy assign 96 as the payl oad type
for the base-layer FEC packets.
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In inplenentations that are based on [ RFC6015] and are willing to be
compliant with the DVB-1PTV AL-FEC protocol as specified in

[ ETSI - TS-102-034v1. 3. 1], all these exceptions nust be considered as
wel | ; however, in this case, the sender does not have to select a
randominitial sequence nunber for the FEC stream as suggested by

[ RFC3550] .

Note that neither [ETSI-TS-102-034v1.3.1] nor [ETSI-TS-102-034vl. 4. 1]
impl ements the 1-D interl eaved parity code as specified in [ RFC6015].
Thus, the payload format registered in [ RFC6015] nust not be used by
the inplementations that are conpliant with the

[ ETSI - TS-102-034v1. 3. 1] or [ETSI-TS-102-034v1.4.1] specification

2.2. Enhancement - Layer FEC

The Raptor code is a fountain code where as many encodi ng synbol s as
needed can be generated by the encoder on-the-fly from source data.
Due to the fountain property of the Raptor code, multiple enhancenent
| ayers may al so be specified, if needed.

The details of the Raptor code are provided in [RFC6681]. The FEC
schene for the enhancenent | ayer SHALL be the Raptor FEC schene for a
Si ngl e Sequenced Flow with FEC encoding ID 5. The RTP payl oad format
for Raptor FEC is specified in [ RFC6682].

It is inportant to note that the DVB-1PTV AL- FEC protocol in the

| atest specification [ETSI-TS-102-034v1.4.1] allows both UDP-only and
RTP- over - UDP encapsul ati ons for the enhancenent-| ayer FEC stream

The initial specification [ETSI-TS-102-034v1l. 3.1] exclusively pernits
UDP-only encapsul ation for the enhancenent-|ayer FEC stream

When SDP is used for signaling, the transport protocol identifier

i ndi cates whet her an RTP-over-UDP or UDP-only encapsul ation is used.
In case of any other signaling franework, the differentiation of the
protocol for the enhancenent-|layer streamis achieved either
explicitly through a protocol identifier or inplicitly by the version
number of the DVB | PTV Handbook. [|f none of the above signaling is
provi ded, the receiver shall concur fromthe packet size of the
repair packets if RTP-over-UDP or UDP-only encapsul ation is used.

2.3. Hybrid Decodi ng Procedures
The receivers that support receiving and decodi ng both the base- and
enhancenent -1 ayer FEC perform hybrid decoding to inprove the repair

performance. The follow ng steps may be followed to perform hybrid
decodi ng:
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1. Base-layer (Parity) Decoding: 1In this step, the repair packets
that are encoded by the parity encoder are processed as usual to
repair as many m ssing source packets as possible.

2. Enhancenent-layer (Raptor) Decoding: |If there are still mssing
source packets after the first step, the repair packets that are
Rapt or encoded are processed with the source packets already
recei ved and the source packets that are recovered in the first
st ep.

3. Hybrid Decoding: |If there are still mssing source packets after
the second step, the unprocessed base-layer (parity) repair
packets are converted to a formin which they can be added to the
Rapt or decodi ng process. Wth this additional information,

Rapt or decodi ng may potentially recover any remai ning m ssing
source packet.

The procedure that should be followed to benefit fromthe base-Iayer
repair packets in the Raptor decoding process is explained in detai
in Annex E. 5.2 of [ETSI-TS-102-034v1. 4.1].

3. Session Description Protocol (SDP) Signaling

Thi s section provides an SDP [ RFC4566] exanple for
[ ETSI - TS-102-034v1.4.1]. The exanpl e uses the FEC grouping semantics
[ RFC5956] .

In the exanple, we have one source video stream (md: S1), one FEC
repair stream (md:Rl) that is produced by the 1-D interleaved parity
FEC code, as well as another FEC repair stream (md: R2) that is
produced by the Raptor FEC code. W formone FEC group with the
"a=group: FEG-FR S1 R1 R2" line. The source and repair streans are
sent to the sane port on different nulticast groups. The source,
base-l ayer FEC, and enhancenent-|ayer FEC streans are all

encapsul ated in RTP

Due to the exceptions described in Section 2.1, a

[ ETSI - TS-102- 034v1. 4. 1] -conpl i ant i npl enent ati on nust not use the RTP
payl oad format defined in [RFC6015]. Instead, it may use the payl oad
format that has been registered by DvB TM I Pl for

[ ETSI - TS-102- 034v1. 3. 1] .
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a=rtprmap: 111 vnd. dvb. i ptv. al f ec- enhancenent/ 90000
a=m d: R2
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<

Q O

Note that in the exanple above, the payl oad type has been chosen as
96 for the base-layer FEC streamand there is no "a=fmtp:" line to
specify the format parameters. Due to the lack of the fornmat
paraneters for "vnd.dvb.iptv.alfec-base", it is not possible to |earn
the FEC paraneters fromthe SDP description.

4. Security Considerations

Thi s specification adds no new security considerations to the DVB-
| PTV AL- FEC pr ot ocol
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