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1. Introduction

The MTSI document identifies Clause 8.3 for packet loss handling of video streams. This contribution proposes the use of AVPF signalling that will enhance the user experience by providing a mechanism to reduce the visual impact of video packet losses.
2. Mitigating Error Propagation
To provide efficient compression of video media, video frames are inter-coded to exploit the temporal redundancy between frames.  When a video packet is lost at the receiver due to transmission errors in the underlying transport layer the loss causes errors in the video frame and any subsequent video frames that are dependent on the lost video packet for their inter-coding.
Typically the encoder inserts intra-coded frames or macroblocks in the video stream to mitigate the propagation of errors across inter-coded frames.  When the encoder does not have real-time information about the channel error conditions it has to insert the intra-coded macroblocks based on some estimate of the channel error conditions.  The channel error conditions may be determined by a static assumption about the channel for the duration of the session or slow feedback based on packet error statistics reported by the receiver through RTCP receiver reports (>every 5s).
2.1 Limitations of Current Approaches
The main limitation of these approaches where the encoder introduces intra-coding redundancy based on channel statistics is that the encoder can not determine exactly where the intra-coding redundancy needs to be placed in the video stream to correct errors due to packet loss.  Without knowing the exact location of these packet losses, the encoder has to introduce more redundancy to deal with errors that can occur at any location (within a frame or in different frames).

The additional limitation of the static approach is that it does not adapt to changes in channel conditions.  For wireless networks, the channels experience non-stationary conditions such as fading and shadowing that can result in error patterns that are not independently and identically distributed channel errors.  The amount of intra-coding can not be exactly matched to the channel conditions at any time and therefore the amount of intra-coding redundancy introduced can be either insufficient or excessive.  Thus, the system is unable to efficiently match the intra-coding redundancy at the application layer with the dynamic channel conditions.
Providing intra-coding based on packet loss statistics from the receiver carried in RTCP receiver reports allows the encoder to adapt its intra-coding rate based on some updated estimate of the channel characteristics.  This adaptation provides improvement over the static case.  However this has the following additional limitations:

· The amount of intra-coding does not exactly match the channel conditions because it takes time for the statistics to be accumulated at the receiver and sent back to the encoder.  
· Variations of error patterns within the measurement window can not be detected by the encoder and therefore can not be directly compensated for by the encoder.

· Since the wireless link exhibits non-stationary behaviour, error statistics measured for one time interval are not necessarily good predictors of the error performance for future intervals.
· The delay in accumulating statistics also prevents the encoder from immediately mitigating error propagation when channel conditions deteriorate rapidly.  Such conditions will result in poor user experience as the adaptation lags behind the change in channel conditions.
It is also worth noting that error statistics of the channel do not always determine how much intra-coded redundancy is required to achieve particular levels of video quality performance under channel loss conditions.  For example, if the video quality performance requires that the maximum or average propagation of a packet error be less than E video frames, then the required amount of intra-coding redundancy will also depend on this parameter E in addition to the error statistics of the channel. 

2.2 3GPP TR 26.914 Discussion and Results
During the development of the clause on packet loss handling in TR 26.914, Tdoc S4-060047 [3] provided results demonstrating the benefits of packet loss feedback. Based on the recommendation in this contribution, SA4 agreed that packet loss feedback is useful for handling packet losses in video streams and this was incorporated into TR 26.914. 

2.3 ITU-TQ.6/16 (VCEG) Discussion

During the work on H.264 in Question 6 of ITU-T Study Group 16, it was also shown that a back channel to report losses of a frame or parts of a frame were useful at mitigating channel errors.  Contributions [4] and [5] propose messages and syntax for this feedback channel.  These messages allow the receiver to report losses of frames or parts of a frame.

A limitation of this approach is that it only applies to the H.264 video codec. 
2.4 Packet Loss Indication using the RTCP AVPF Generic NACK message
The RTCP AVPF [1] profile defines a generic NACK message that is used by the receiver to indicate to the sender exactly which RTP packets have been lost.  The information allows the sender to accurately determine which video packets the receiver has not received and send intra-coded macroblocks or an I-frame to stop the propagation of errors in subsequent macroblocks that are affected by the lost packet(s).
The advantage of this approach is that the encoder only introduces redundancy into the video stream exactly when and where it is needed for correcting packet losses.  Since intra-coding macroblocks requires significantly more bandwidth than inter-coded macroblocks, reducing the number of intra-coded macroblocks sent reduces the bandwidth requirements of the service.  
Furthermore, for systems with short round trip delays between the sender and receiver (as is necessary for good quality conversational services) the use of this event-triggered feedback mechanism to report packet losses allows the encoder to quickly mitigate error propagation.  Without such feedback, the encoder would have to introduce significant intra-coded redundancy into the video stream to mitigate error propagation as quickly and achieve the same user experience of video quality.
An advantage of using the AVPF Generic NACK message is that it is applicable to all video codecs. This provides a packet loss signalling solution for all the 3GPP video codecs specified in the MTSI document.

IETF AVPF Work
The Generic NACK message has been standardized in the IETF in section 6.2.1 of [1].  Below is the message structure:

    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

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |            PID                |             BLP               |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

                   Syntax for the Generic NACK message

   Packet ID (PID): 16 bits

      The PID field is used to specify a lost packet.  The PID field

      refers to the RTP sequence number of the lost packet.

   bitmask of following lost packets (BLP): 16 bits

      The BLP allows for reporting losses of any of the 16 RTP packets

      immediately following the RTP packet indicated by the PID.  The

      BLP's definition is identical to that given in [6].  Denoting the

      BLP's least significant bit as bit 1, and its most significant bit

      as bit 16, then bit i of the bit mask is set to 1 if the receiver

      has not received RTP packet number (PID+i) (modulo 2^16) and

      indicates this packet is lost; bit i is set to 0 otherwise.  Note

      that the sender MUST NOT assume that a receiver has received a

      packet because its bit mask was set to 0.  For example, the least

      significant bit of the BLP would be set to 1 if the packet

      corresponding to the PID and the following packet have been lost.

      However, the sender cannot infer that packets PID+2 through PID+16

      have been received simply because bits 2 through 15 of the BLP are

      0; all the sender knows is that the receiver has not reported them

      as lost at this time.
3. Conclusion
As agreed in TR 26.914 and discussed in this contribution, packet loss feedback provides useful information for the encoder to efficiently mitigate the propagation error causes by video packet losses.

QUALCOMM proposes that the MTSI specification use the AVPF Generic NACK message to provide the packet loss feedback information.  QUALCOMM plans to bring in proposal text supporting these procedures to the MTSI specification TS 26.114.
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