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The Digital Video Broadcasting Project (DVB) Technical Module group on IP Infrastructure (TM-IPI) wishes to thank the Focus Group on IPTV (FG IPTV) on your information provided in FG IPTV-OD-0008 Rev.1. We believe that DVB TM-IPI can provide you with new information that should be of significant interest for your work.

In your liaison it was explicitly mentioned that, among others, of special interest for FG IPTV WG2 (QoS and Performance Aspects) is DVB’s work on Application-layer Forward Error Correction (AL-FEC). It was expected that this activity is relevant to several of your work items. DVB has been invited to submit and present any relevant material at their next meeting and to keep them updated on any ongoing and new development related to our work items. 
DVB TM-IPI wants to provide you with updated information on the work on AL-FEC. The DVB Technical Module (TM) approved the specification of the AL-FEC to be published as an Annex to the DVB-IP phase 1.3 specification (ETSI TS 102 034) on November 23, 2006. However, publication of this specification still requires

· the inclusion of the Service Discovery and Setup (SD&S) into the main body of DVB-IP phase 1.3 specification and therefore the approval of the main body at the next DVB TM meeting in January,

· the formal approval of DVB Commercial Module (CM) in January 2007, and

· the formal approval of DVB Steering Board in February 2007.

Nevertheless, with the new achievements with respect to Application Layer FEC in DVB it seems quite appropriate to inform ITU IPTV FG on the status of the work. 

However, your liaison also explicitly brought to our attention that all ITU IPTV FG documents (Inputs, Outputs, Reports and Liaison Statements) are publicly available. Due to this policy it is not possible to send the not-yet-published specification to the ITU IPTV FG meeting in January 2007. Nevertheless, DVB TM endorsed the submission of relevant information to ITU IPTV FG and encouraged TM-IPI to collect and provide such information.

Attached to this letter, please find a PowerPoint presentation which contains relevant background on DVB’s work on AL-FEC. This presentation is basically a combination of the latest two presentations of the TM-IPI on the AL-FEC work to the TM plenary. Digital Fountain as a member of DVB and one of the leaders in the definition of the DVB-IPI specification on AL-FEC has indicated their willingness to present the attached DVB TM-IPI endorsed slide set at the third ITU IPTV FG meeting for your information.
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Good Morning





It’s a real pleasure to be asked to make the Keynote Address for this workshop on IPTV today





I hope you find it stimulating, and please do ask questions and contribute to the discussions during the day – both in the room here and during the “infamous” DVB coffee breaks when some of the real value emerges.





After introducing the agenda for the day, I will share with you my personal perceptions of the IPTV market opportunities and the areas where DVB has a very valuable contribution to make – for the benefit of those of us who see an attractive commercial future in this market














Outline


			AL-FEC in DVB-IP


			AL-FEC evaluation


			Setup


			Selected Results


			Conclusions


			AL-FEC Specification Overview


			Motivation - hybrid code


			Specification overview


			Selected Results


			Remaining work























AL-FEC in DVB-IP


			Application Layer FEC is considered as an important component in DVB-IP to support a large variety and numbers of IPTV clients


			A Task Force within TM-IPI dealt with the specification of AL-FEC


			The TF has completed its specification work


			The DVB TM approved the AL-FEC specification


			Final approval and publication needs to await meetings of DVB CM and SB


			Expected publication: February 2007 























Specification Process


			Agreed simulation and evaluation criteria


			Loss models: statistically independent and repetitive electrical impulse noise (8 ms burst losses)


			Evaluation criteria: mean-time between packet losses (MTBP) for 96 hours simulation


			Additional latency due to FEC <100ms and < 400ms


			Sending arrangements defined


			Measure: bandwidth costs to support MTBP 4 hours


			Detailed simulation results collected


			Results lead to final specification























AL-FEC Evaluation - Conclusions


			Two candidate FEC codes were considered: 


			SMPTE 2022-1 (Pro-MPEG COP3) *


			“FEC Framework“ with Digital Fountain Raptor codes 


			Neither of the two codes is optimal in all cases


			Sending arrangement has impact on the performance


			Regarding implementation aspects no significant issues were identified with either code


			The Raptor code supports various future requirements


			Typically there is a threshold between 5 x 10-5 and 2 x 10-4 packet loss above which Raptor improves on Pro-MPEG





* SMPTE-2022-1 is a soon-to-be-approved SMPTE standard describing the FEC code also known as Pro-MPEG Forum Code of Practice #3 




















Example 1 – 2Mbit/s stream


With burst sending, below the threshold, Pro-MPEG (blue) uses less overhead than Raptor (green)


FEC Overhead required as fraction of original stream


Loss model


REIN = 8ms random burst outages


Additional latency caused by introduction of FEC


End-to-end packet loss rate


Sending arrangement for Pro-MPEG




















Example 2 – 6 Mbit/s stream


With constant sending, below the threshold, overheads are similar 




















Hybrid Pro MPEG/Raptor Code


			Both codes have areas of applicability where they improve on the other


			Two codes were not considered an option


			Hybrid of SMPTE 2022-1 1D column code and Raptor


			First FEC packets sent for a block are SMPTE 2022-1 1D column packets


			When more protection is required, additional Raptor-encoded packets are sent


			Hybrid SMPTE 2022-1/Raptor decoder can combine both SMPTE 2022-1 and Raptor packet























Independent Codes vs. Hybrid


			Independent options





			Hybrid code





Multicast bandwith


Source Stream


FEC 1: Pro-MPEG


FEC 2: Raptor


Low overhead for lowest loss lines


Higher overhead for higher loss lines


FEC 1: Pro-MPEG


Source Stream


FEC 2: Raptor


Low overhead for lowest loss lines


Incremental overhead for higher loss lines


Multicast bandwith























Hybrid Code - Specification


			The hybrid code is a single code, with two layers


			A base layer based on the SMPTE 2022-1 1D column code (backwards compatible with existing Pro-MPEG equipment)


			An enhancement layer based on the Raptor code


			Scenario comparable to scalable video coding in broadcast 


			Decoders either use SMPTE 2022-1 column packets alone or they combine data from both layers


			Specification contains


			Encoding rules


			Reference decoder (performance) for base layer


			Reference decoder (performance) for combining base layer and enhancement layer


			Will be published as an Annex to the DVB-IP phase 1.3 specification (TS 102 034) 























Specification outline


			Section E.1 - Introduction


			Section E.2 - Terms and Acronyms


			Section E.3 - SMPTE 2022-1 based code


			This section defines the subset of the Pro-MPEG CoP3 FEC code that must be supported


			Primarily defined by exceptions/clarifications to the SMPTE 2022-1 specification


			more later


			Section E.4 - Raptor based code


			Defines the Raptor code and how it is applied to streaming media


			Uses concept of “FEC Framework” and “FEC Schemes” taken from IETF RMT, 3GPP MBMS and now IETF FECFRAME


			more later























Specification outline ctd.


			Section E.5 - FEC Decoder


			Many decoder algorithms are possible - we do not specify a particular one, but instead define the minimum requirements that FEC decoders must meet


			MUST support SMPTE 2022-1 packets (if the AL-FEC is supported at all)


			MAY support Raptor packets


			Defines what “support” means: i.e. to claim support the decoder must actually use the packets to recover lost data wherever mathematically possible


			Describes a possible approach to hybrid decoding which meets the requirements























Specification outline ctd.


			Section E.6 - FEC Content Delivery Protocols


			Puts together the components from E.3 and E.4, together with the FEC SD&S data, to form complete FEC protocols for:


			Multicast MPEG-2 Transport Stream encapsulated in RTP


			Unicast MPEG-2 Transport Stream encapsulated in RTP


			Multicast audio/video directly within RTP – to allow for DVB-IP phase 2 - informative


			Unicast audio/video directly within RTP - phase 2 - informative


			Section E.7


			Formal FEC encoder specification for Raptor























SMPTE 2022-1


			Simple interleaved parity code


			Maximum block size 400 packets (20 x 20)
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FEC Framework


			Generic framework for application of FEC to streaming media


			First defined in 3GPP based on IETF RMT work


			Now progressing in IETF FECFRAME


			Supports arbitrary packet flows, not just RTP


			Defines:


			Mapping of packet data into “source blocks”


			Partition of “source block” into FEC symbols (source symbols)


			Labeling of source symbols and repair symbols


			Packet formats for source and repair data


			DVB-IPI specification adopts and enhances this Framework to support fully backwards compatible operation for the MPEG-2 TS case


			No modification of source packets


			Packet labeling based on RTP sequence numbers























FEC Framework ctd.


			The FEC Framework is a “basis” for a protocol: a complete protocol requires the addition of an “FEC Scheme” which defines all the things that are specific to a particular FEC code


			Flexible approach: allows easy adaptation to other scenarios or to other FEC codes


			The proposed DVB-IPI specification defines two FEC Schemes for Raptor


			Raptor FEC Scheme for MPEG-2 Transport Streams encapsulated in RTP


			Raptor FEC Scheme for arbitrary packet flows (in particular A/V encapsulation directly in RTP - for DVB-IP Phase 2)























Raptor code


			Raptor constructs repair data from a particular sequence of XOR operations amongst portions of the original packets


			Defined in terms of explicit encoding sequences: sequence of XOR operations for each supported block size is specified in text files attached to specification


			Similar approach to DVB S2 LDPC code specification


			The Raptor code is identical to that adopted by DVB IPDC, except:


			Only a limited set of block sizes are supported


			This is OK for streaming where variation in block size is limited


			Blocks can be padded to one of the supported lengths (no need to actually send the padding)


			Greatly simplifies encoder implementation and reduces computational complexity


			However, existing IPDC FEC encoders and decoders could also be re-used for DVB-IP implementations























Base Layer Performance


Process received SMPTE 2002-1 packets


Decode as many source packets as possible


Complete?


Stop


Yes


No




















Enhancement Layer Performance


Process received SMPTE 2022-1 packets


Decode as many source packets as possible


Use received and decoded source packets, remaining SMPTE 2022-1 packets and Raptor repair packets as input to hybrid decoder


Complete?


Stop


Yes


Complete?


Stop


Yes


No


Error!


No




















Performance example, 6Mbit/s, burst loss








Region where only Pro-MPEG packets used




















Performance example, 2Mbit/s, random loss








Region where only Pro-MPEG packets used


This could be achieved with Pro-MPEG packets only and Raptor P3, but this would increase overhead required for terminals at higher loss rates




















Performance example, 2Mbit/s, random loss








Region where only Pro-MPEG packets used with Raptor P3


Overhead for higher loss case increased by 50% for Raptor P3


Region where only Pro-MPEG packets used




















Hybrid advantages


			Equivalent performance to SMPTE 2022-1 for the subset of SMPTE 2022-1 that actually works well


			No license fees anticipated for equipment restricted to this case


			No change from the Pro-MPEG repair packet format – backwards-compatible with existing Pro-MPEG specification


			Equivalent performance to Raptor in other cases


			Can be introduced incrementally


			Receivers implementing only the SMPTE 2022-1 part of the hybrid code are unaffected by introduction of additional Raptor packets


			Similar flexibility to Raptor-only


			Independent setting of protection amount and protection period


			Supports advantageous methods such as layered sending and unicast faststart well


			Supports direct encapsulation of A/V over RTP (Phase II)























To be done ...


			Additional setup information required for FEC


			Multicast addresses and ports for the FEC repair data


			Unicast ports for the FEC repair data


			Maximum size/duration of FEC blocks (may be used by receivers for memory and timing optimisation)


			Symbol size and max symbols per block for Raptor


			Will be included in main body of DVB-IP phase 1.3 specification 


			Implementation Guidelines will be drafted


			Formal approval and publication
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Thank you!




















Minimum FEC overhead

DVB-IPI Minimum required overhead (rein loss): 6Mbit/'s MPEG-2 stream, 400ms fec latency, constant sending
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