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1 Introduction
The Video Telephony Robustness Improvements Extensions (VTRI_EXT) work item is targeting the study of the benefits of the additional error resiliency (ER) tools that could improve the performance of the Multimedia Telephony Service for IMS under different channel conditions. IMS and MTSI services are required to support inter-working with similar services operating on other IP networks [1], [2]. In order to support robust operation of MTSI clients across QoS and non-QoS networks additional tools that can address error cases observed over non-QoS operation needs to be addressed. 
Error profiles for different operating conditions should be defined for evaluation of proposed tools. Error profiles representing guaranteed QoS and best effort (non-QoS) cases should be used for evaluation. A number of real channel capture logs from QoS and non-QoS services are provided for emulation of channel conditions and/or derivation of channel models for simulation of channel conditions. 
2  Test content
For evaluation of ER tools, the two main factors that have impact on the overall performance is the video bitrate and the frame rate. It is assumed that the video is coded in low delay configuration, i.e., IPPPPP… or IBBBB…. configuration. The video resolution, content, and codec type (AVC, HEVC) have minimal impact since corrupted pictures will be considered as non-rendered pictures. The following video resolutions, bitrate and frame rates are used during the evaluation process.

	Resolution
	Bitrate (kbps)
	Frame rate (fps)

	320x240
	200-400
	15

	640x480
	400-600
	30

	1280x720
	600-1000
	30


3 Channel conditions and evaluation methodology
Channels conditions from QoS LTE, best effort LTE and Wifi channels are logged from video telephony (VT) calls for video configurations defined in section 2. Captures from mobile and stationary conditions are done. Sending and receiving rates, delay (RTT/2), packet loss patterns are derived from captures sending and receiving times, timestamps and sequence numbers. The source of the packet loss are from the physical channel as well as congestion. During the channel capturing process, the operating rate of the VT calls targeted rates below the available bandwidth for avoiding congestion. It was not always possible to avoid congestion during the testing. Logs exhibiting frequent large variations in rate due to congestion were filtered out.
In order to characterize the channel, sending and receiving rates are calculated using 1 second overlapping window for every sent or received packet. Delay is measured relative to minimum measured RTT/2 time during the call. Packet loss info is derived from the sequence numbers of the RTP packets. 
Packet losses are characterized by the burst patterns. A packet loss-free burst of order k0 is observed in the loss pattern when at least k0 consecutive packets are correctly received. A packet loss burst order k0 starts and finishes with a missing packet (“1”) and is composed of at most k0 -1 consecutive received packets [3]. In the analysis presented in this document, k0 =1 is used for simplicity. Sequence of m loss indicators are divided into p alternating loss-free burst (Xj) and packet loss bursts (Yj). Average packet loss rate PLRavg, average loss free duration Xavg and average loss duration Yavg are computed as:
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3.1 QoS LTE

IMS-VT QoS calls (Verizon, Dallas) conducted under low speed mobile (LSM) conditions covering near cell and edge cell conditions were logged for analysis. QVGA (320x240), 15fps, 350kbps (maximum bitrate) H.264 video is used during the IMS-VT call.  18 MO to MT and 18 MT to MO logs selected from ~100 short duration calls (less than 1 minute) are used.  In Table 1, MO to MT (IMS-QoS Test 1) and likewise MT to MO (IMS-QoS Test 2) call statistics are consolidated into one due to short duration of the calls. Appendix A.1 provides statistics for several channel logs.
3.2 LTE-OTT calls
Video telephony calls over LTE-OTT (Verizon) were conducted under driving conditions in San Diego. One of the UEs was positioned in a stationary office environment with good LTE signal and the other UE in a moving vehicle. VGA 30fps 600kbps (VT-LTE OTT Test 1 & Test 2) and QVGA 15fps 300kbps (VT-LTE OTT Test 3 & Test 4) videos were used for collecting channel logs. Appendix A.2 provides statistics for these tests.
3.3 Wifi calls

Video telephony calls over Wifi were conducted in office environment. Stationary office to office call and office to walking UE calls were logged. 720p (1280x720) 30fps 1000kbps video was used for collecting channel logs. Total of 8 logs (VT-Wifi Test 1-8) were collected. Results are tabulated in Table 1. Appendix A.3 provides statistics for these tests.
4 Results

Table 1 summarizes the error pattern statistics gathering during the testing process. 
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IMS-QoS Test 1 Low mobility 350 15320x240 309 12040 2,005.8 1.5 0.07%

IMS-QoS Test 2 Low mobility 350 15320x240 309 11810 620.6 4.1 0.66%

VT-LTE OTT Test 1 High mobility 600 30640x480 2291 158217 1,520.3 4.6 0.30%

VT-LTE OTT Test 2 High mobility 600 30640x480 2290 144844 1,303.9 5.7 0.43%

VT-LTE OTT Test 3 Walk & High mobility 300 15320x240 982 40080 2,671.1 15.1 0.56%

VT-LTE OTT Test 4 Walk & High mobility 300 15320x240 981 39041 2,439.1 11.8 0.48%

VT-Wifi Test 1 Stationary 1000 301280x720 766 93674 1,800.4 1.9 0.10%

VT-Wifi Test 2 Stationary 1000 301280x720 765 93674 1,684.3 1.9 0.11%

VT-Wifi Test 3 Stationary 1000 301280x720 715 53207 291.4 2.7 0.92%

VT-Wifi Test 4 Stationary 1000 301280x720 717 68617 35.0 1.9 5.16%

VT-Wifi Test 5 Stationary 1000 301280x720 620 75851 1,722.9 2.2 0.13%

VT-Wifi Test 6 Stationary 1000 301280x720 620 75311 1,475.7 3.2 0.21%

VT-Wifi Test 7 Walking 1000 301280x720 381 23662 605.7 9.8 1.60%

VT-Wifi Test 8 Walking 1000 301280x720 381 35332 66.2 3.4 4.82%


Table 1: Summary of error pattern statistics.
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Appendix A:

All stats are plotted vs packet index (X-axis).
A.1 IMS-QoS
IMS-QoS Test 1 Statistics:
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Figure 1: MO-MT LSM 10
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A.2 VT-LTE OTT

VT-LTE OTT Test 1 Statistics:
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Figure 3: VT-LTE OTT Test1

VT-LTE OTT Test 2 Statistics:
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Figure 4: VT-LTE OTT Test 2

VT-LTE OTT Test 3 Statistics:
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Figure 5: VT-LTE OTT Test 3
VT-LTE OTT Test 4 Statistics:
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A.3 VT-Wifi

VT-Wifi Test 1 Statistics:
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Figure 7: VT- Wifi Test 1

VT-Wifi Test 2 Statistics:


[image: image33]

[image: image34]

[image: image35]

[image: image36]
Figure 8: VT-Wifi Test 2
VT-Wifi Test 3 Statistics:
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Figure 9: VT-Wifi Test 3

VT-Wifi Test 4 Statistics:
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Figure 10: VT-Wifi Test 4
VT-Wifi Test 5 Statistics:
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Figure 11: VT-Wifi Test 5

VT-Wifi Test 6 Statistics:
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Figure 12: VT-Wifi Test 6

VT-Wifi Test 7 Statistics:
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Figure 13: VT-Wifi Test 7

VT-Wifi Test 8 Statistics:
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Figure 14: VT-Wifi Test 8
Figure � SEQ Figure \* ARABIC �6�: VT-LTE OTT Test 4
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