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1 Introduction

Reliability is a critical requirement while transmitting data over a network, as data may be lost during transmission. In packet switched networks where full duplex communication is possible, error correction is performed using an Automatic Repeat request (ARQ) protocol such as TCP. TCP takes care of transmitting any data that does not reach the destination client due to errors. However, streaming typically occurs over UDP, and unlike TCP, UDP adds no reliability, flow-control or error recovery functions to IP. 
In the current 3GPP DIMS activity, the streaming of DIMS content has been recognized as an important component of a dynamic rich media service for enabling real time, continuous realization of content at the client. In addition, the goal is to maintain consistency and compatibility with other related and applicable 3GPP standard solutions. Therefore, the scope of this contribution is the exploration of current state-of-the-art 3GPP based error recovery mechanisms that are media agnostic and can be applied to DIMS content as well. These error recovery mechanisms are transport based and media/codec based error recovery/concealment options are implementation specific.
Recommendation:

We recommend the usage of existing 3GPP transport based error recovery mechanisms for DIMS; particularly:

· In MBMS, FEC is used for packet loss recovery for both streaming and download services [1].  

· In PSS, RTP retransmissions are used for packet loss recovery [2]. 

· For unicast download delivery, TCP provides the reliability. 

For MBMS based streaming services for DIMS, a random access point (RAP) shall be inserted at the beginning of each FEC source block. This facilitates immediate rendering of the DIMS content after FEC decoding, thus reducing tune-in latency.

2 Transport Based Error Recovery Mechanisms
SA4 defined some media independent error recovery mechanisms at transport layer and above for MBMS and PSS. In MBMS, FEC is used for packet loss recovery for both streaming and download services.  In PSS, RTP retransmissions are used for packet loss recovery. For unicast download delivery, TCP provides the reliability. 

DIMS shall reuse these generic mechanisms. In this section, we introduce mechanisms that are required for DIMS transport in both MBMS and PSS frameworks. 
2.1 MBMS Based Error Recovery Mechanisms
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Figure 1: MBMS Based Error Recovery Flowchart

Forward Error Correction (FEC) provides reliable delivery and requires the addition of some redundant data to be appended to the original source block prior to transmission across the communication network [add references]. If some of the traffic is lost, a FEC scheme allows the receiver to use the additional redundant data to detect and recover the lost data without retransmission.
2.1.1 Tune-in

For rich media based MBMS streaming services, it is very likely that the users tune-in to the service at arbitrary instants during the session. The clients start receiving the packets as soon as they tune-in to the service and may start rendering the received rich media content after a certain time period. This time period is also called tune-in delay. For good user experience, it is desirable that the clients start rendering the content as soon as possible from the time they receive the content, facilitating quick tune-in. 
FEC is used to recover from packet loss in the MBMS framework. For MBMS streaming of rich media, FEC shall be used according to the MBMS FEC streaming framework defined in section 8 of 3GPP TS 26.346. 

In a typical rich media streaming session that involves SVG, audio and video media, at the sender side, source RTP packets of each media are bundled together to form a source block for FEC protection. One or more FEC RTP packets are generated from this source block using the FEC encoding algorithm specified in annex B of TS 26.346. The source RTP packets of different media along with the FEC RTP packets are transmitted as separate RTP streams. 
On the receiver side, the client buffers the received RTP packets (both source and FEC) for sufficient duration and tries to reconstruct the above mentioned source block. If any source RTP packets are missing, then it tries to recover them by applying the FEC decoding algorithm.
The length of the FEC source block is a critical factor in determining the tune-in delay. The client has to buffer for the duration of an entire FEC source block.  If a client starts receiving data in the middle of the current FEC source block, then it may have to discard the data from the current source block, and wait to receive next source block from the beginning to the end. Hence on an average it has to wait for 1.5 times the FEC source block duration.
Tune-in delay = 1.5 * FEC source block duration + FEC decoding time + Media decoding time.
After FEC decoding, the packets are sent to various media decoders. The media decoders may not be able to decode from arbitrary points in the compressed media bit stream. In order not to add more latency waiting to initiate media decoding, random access points are periodically inserted in the media stream. For example, video decoders need an intra frame to start decoding. In Annex D of TS 26.346, when H.264 video is used, it is recommended to insert IDR access units at the beginning of each FEC source block. 
SVG stream consists of a scene and a series of scene updates which is analogous to the IPPPP…. structure of predictive coded video. In DIMS streaming, a random access point (RAP) should be inserted at the beginning of each FEC source block. This facilitates immediate rendering of the DIMS content after FEC decoding, thus reducing the tune-in delay.
2.2 PSS Based Error Recovery Mechanisms
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Figure 2: PSS Based Error Recovery Flowchart

A DIMS service that uses PSS, utilizes retransmission for RTP packets not reaching the client. The 3GPP TS 26.234 specification [add reference] describes the payload format, SDP signaling and mechanisms of the RTP retransmission payload format. 
3 Text for DIMS specification

3.1 Section 8.5.1 Error Resilience
The following media agnostic transport based error recovery mechanisms are utilized for DIMS:

· In MBMS, FEC is used for packet loss recovery for both streaming and download services [1].  

· In PSS, RTP retransmissions are used for packet loss recovery [2]. 

· For unicast download delivery, TCP provides the reliability. 

3.2 Section 8.2 Tune-in and Resynchronization

FEC is used to recover from packet loss in the MBMS framework. For MBMS streaming of rich media, FEC shall be used according to the MBMS FEC streaming framework defined in section 8 of 3GPP TS 26.346. When DIMS content is used, a random access point (RAP) shall be inserted at the beginning of each FEC source block. This facilitates immediate rendering of the DIMS content after FEC decoding, thus reducing tune-in latency. 
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