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1 Introduction
The Video Telephony Robustness Improvements (VTRI) work item addressed the specification of the guidelines and requirements to improve the video error robustness in TS 26.114 [1]. This document discusses additional tools that can provide more advanced video error robustness to TS 26.114.

2 Discussion of additional error robustness tools
The VTRI work item addressed the behavior of the sender and the receiver to PLI and NACK messages. PLI and NACK messages offer basic error resiliency mechanism (ER). The performance of ER mechanisms varies with end-to-end delay, loss rates/patterns, and channel bandwidth. Additional ER mechanism such as RPSI, retransmission and forward error correction (FEC) schemes can offer more advanced 
2.1 Reference Picture Selection Indication (RPSI) support

RPSI [2] feedback message that is not currently not supported in TS 26.114 can offer more efficient error recovery mechanisms. RPSI message is a codec level signaling mechanism that provide more certainty on the availability of a particular reference picture on the receiver side that might be available also on the sender side. Sender and receiver work together to enable efficient error recovery. It has ACK and NACK modes of operation. In the NACK mode, the receiver upon detection of an error indicates to the sender which reference frame(s) is available to be used by the sender for error recovery. This provides certainty to the sender on the availability of a common reference picture. The sender can make a more informed decision how to respond to the feedback message. In the ACK mode of operation, it indicates which reference pictures the receiver has correctly received to the sender. Release 12 video packet loss handling mechanism through the use of generic NACK messages can convey the same information as an RPSI method can provide. However since generic NACK messages are transport layer messages that require additional book keeping on the sender/receiver ends to map picture information to RTP packet level information. RPSI message eliminates significant portion of tracking and book keeping at each UE. It also frees up generic NACK message to be used for requesting retransmission of packets. Generic NACK and RPSI can be used in combination to handle different error scenarios that occur during a session.
2.2 Retransmission support

Generic NACK based feedback mechanism refer to RTP sequence numbers to indicate lost packets. For generic NACKS, the reported lost packets are retransmitted.  Retransmission (RFC 4588) [3] can provide efficient error correction, particularly when the loss rate and network transit time are both low. In retransmission, reported missing packets are retransmitted for error recovery. When round trip time (RTT) is low, missing packets can be requested and received in time to recover the missing information. It can be used alone or in combination with other error resiliency tools like PLI, RPSI and forward error correction. It is an efficient error resilience tools under low error rates in terms of bitrate overhead.
2.3 Forward Error Correction (FEC) support

In addition to feedback messages, transport layer Forward Error Correction (FEC) methods can provide robust error recovery.  Forward Error Correction (FEC) schemes such as XOR based RFC 5109 [4] or Reed Solomon code based RFC 6585 [5] can provide mechanisms that balances video quality and end-to-end delay. FEC schemes can provide a solution that can easily adapt to varying channel conditions. High RTT in combination with high loss rates may prohibit use of feedback based mechanisms to achieve timely error recovery. FEC provides an alternative mechanism that trades off added bitrate overhead for timely error recovery. Temporal scalability provides the means to allocate source bits to different layers that makes it suitable for unequal error protection. By introducing a layered coding structure, propagation of errors is confined within layer hierarchy at the expense of additional bits. Use of temporal scalability together with unequal error protection mechanisms (FEC), possibly in combination with above-mentioned schemes provides a balance between FEC only scheme and non-FEC schemes. FEC schemes become more effective at recovering losses as the group size (n) and number of FEC packets (k) increases. Increasing the group size (across multiple frames) however increases the FEC decoding delay. 
3 Error robustness tools evaluation

In order to illustrate the various trade-offs each tool provides, simulations under different channel conditions were evaluated. For experimental setup, a video telephony system (WVGA, 25fps, 600 kbps) running over a network emulator was used. Different RTT times and packet loss (random) rates were used to evaluate the different tools. For each tool, bitrate overhead, end-to-end rendering delay, number of frames not rendered (corrupted frames are not rendered), and video rendering smoothness measure (standard deviation of rendering time from the target rendering time) is used Table 1 illustrates the performance of RPSI, NACK, and FEC (RFC 5109) based scheme with temporal layers.
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	Reference Picture Selection (RPSI)
	50
	118
	27
	9%
	0%
	123
	78
	37%
	2%

	
	200
	184
	53
	18%
	0%
	192
	161
	55%
	2%

	
	400
	288
	83
	24%
	0%
	287
	258
	66%
	2%

	Retransmission (Generic NACK)
	50
	154
	2
	0%
	1%
	154
	9
	0%
	5%

	
	200
	384
	6
	0%
	1%
	393
	17
	1%
	5%

	
	400
	682
	10
	0%
	1%
	692
	29
	1%
	5%

	TL+FEC+RPS
	50
	92
	14
	3%
	17%
	87
	22
	11%
	26%

	
	200
	165
	16
	3%
	17%
	165
	28
	12%
	26%

	
	400
	268
	20
	3%
	17%
	264
	38
	13%
	26%


Table 1: Evaluation of error robustness schemes
As can be seen from the table RPSI offers basic error recovery scheme resulting in larger frame drops and not smooth rendered video. Retransmission offers smooth rendering with added delay. FEC provides an alternative that operates between the two mechanisms. It has lower delay than retransmission with less smooth video rendering and higher bitrate overhead.
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