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1 Introduction

Error resilience and recovery from data loss is an area considered very important, especially for synthetic media which relies on lossless transport. Here even the smallest error can lead to unforeseen consequences that make further decoding questionable. This is in particular the case for DIMS when it is streamed over an unreliable protocol such as RTP over UDP. 
Technology for error resilience and recovery has been called for many times during the discussions on DIMS in SA4 and most recently it was requested by the PSM chairman at the DIMS#2 ad-hoc meeting last month in Cupertino. With this contribution we respond by proposing some tools that can be used by servers and content creators to make DIMS streams more error resilient and by clients to recover from errors. The tools are simple and designed for complete recovery with both minimum interruption and overhead in mind.
2 Overview

The current error recovery solutions involve re-synchronizing with a random access point.  This solution has multiple flaws including the loss of interactivity, and the de and re-initialization of media.  An alternative solution of error recovery/resilience which uses recovery points is proposed. The advantages over using random access points include lower bandwidth and the possibility to recover a desired state directly or by using differential scene updates that don’t require the re-building of the DOM tree.
3 DIMS Proposed Text
The following text shall be inserted into section 8.5.1, Error resilience.

8.5.1 Error resilience

Three methods of signaling recovery paths are defined in DIMS.  These methods include placing recovery points in the original stream, as well as using recovery units.

8.5.1.1 Recovery points
Recovery points can be placed in a stream and are typically referred to later in the stream to enable a recovery.  Each recovery point has a Recovery_ID which identifies the state at that point.  If there is more than one recovery point with the same Recovery_ID it is possible to move directly between these in the case of error.
Recovery points can be set in any type of DIMS unit.  This is indicated by a Recovery_ID which is non-zero.  The recovery point refers to the state of the DIMS scene directly after decoding of the unit.
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Figure 1: DIMS example stream containing two recovery points with the same Recovery_ID (here =1).  The alternate path between these recovery points is indicated with a dashed line.
Syntax
A recovery point is signaled by a non-zero Recovery_ID.  This parameter is signaled in the RTP payload header in the case of RTP, or as a parameter associated with a sample in the case of a 3GP file.

The syntax is otherwise identical to a standard DIMS unit.

8.5.1.2 Type 1 Recovery units 

A second and more general method of using recovery points is in combination with recovery units.  A type 1 recovery unit provides an entry point back into the main stream from a recovery point with the same Recovery_ID.  It contains an update which takes the client from a recovery point to the desired state.  Such units can be ignored by a client during normal playback.  
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Figure 2: DIMS example stream containing a single recovery point (here with Recovery ID=4) and a type 1 recovery unit (RU1).  The alternate path between these points is indicated with a dashed line.

After decoding a recovery unit of type 1, decoding of the stream can continue like normal.  This method makes it possible to add multiple recovery paths at arbitrary places in the stream. Note that the Recovery ID of a recovery unit indicates the state it requires before the update is applied and not the state after its application.

Syntax

A type 1 Recovery Packet is signaled in the type (T) field of the RTP payload header.

The Recovery_ID must be non-zero.  This is signaled in the RTP payload header.

The syntax is otherwise identical to a DIMS update unit.

For the case of 3GP files, recovery units (samples) are similarly marked in the same track or stored in a separate track so that they can be skipped during normal playback. 

8.5.1.3 Type 2 Recovery Units

Finally a method to create an arbitrary recovery point in an arbitrary place of a stream is defined.  Type 2 recovery units or packets take an arbitrary state and convert it to a recovery point with the help of an enclosed update.  This makes it possible to increase robustness by being able to place the same recovery point at multiple places in an arbitrary stream.  The obtained recovery point may also be signaled directly in the stream, although this is not necessary.
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Figure 3: DIMS example stream containing two type 2 recovery units (RU2).  In this case the same recovery point is signaled in two different places in the stream.  The scene states need not be the same in these places and the updates in the recovery units are not necessarily the same, but they result in equivalent recovery points, here marked with Recovery_ID=7.

Syntax

A type 2 Recovery Packet is signaled in the type (T) field in the RTP payload header.

The Recovery_ID must be non-zero.  This is signaled in the RTP payload header.

The syntax is otherwise identical to a DIMS update unit.

For the case of 3GP files, recovery units (samples) are similarly marked or stored in a separate track so that they can be skipped during normal playback. 

The following modifications shall be made in section 8.5.2, RTP payload format

The type (T) field shall be increased from 2 bits to three bits.  The third bit shall be taken from the reserved bit.  The table describing the T field shall include Type 1 recovery packets and type 2 recovery packets.  A Recovery_ID field shall be added to the payload header of the DIMS unit.  These modifications are marked in blue below:

+---------------+
|0|1|2|3|4|5|6|7|
+-+-+-+-+-+-+-+-+
|  T  |A|P| CTR |
+---------------+

Figure 1: COMMON PAYLOAD HEADER

T: 3 bits
The payload type as defined in Error! Reference source not found. below:

Table 1: Summary of RTP Payload Types and Descriptions
	Type
	Description

	0
	Single DIMS unit

	1
	Aggregation Packet

	2
	Fragmentation Packet

	3
	Type 1 Recovery Packet

	4
	Type 2 Recovery Packet


…

The RTP payload is presented below. 
 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Type 0 Header | SDID  |L|R|RES|   Opt. R_ID   |               |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+               |
:                      DIMS Payload                             :
                                +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                               |...OPTIONAL RTP padding        |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Figure 2: Single DIMS unit payload format

R: Recovery_ID Flag.  

When set the optional Recovery_ID must be present.  Otherwise the Recovery_ID must not be present.

R_ID: Recovery_ID.  
Used for error resilience purposes, see section 8.5.1.    
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