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1. Introduction
In last meeting, RAN3 confirmed the “empty buffer issue” of wireless video delivery:

	Case 1: Empty buffer issue

The user is watching a streaming video. When the UE requests for some not yet buffered video segments e.g. by dragging a play scroll bar or when playout buffer is exhausted due to link throughput fluctuation and if the scheduling priority of the video content is not set accordingly, the video playing would probably stall depends on some condition, e.g. eNB’s load and UE’s QoS profile. 


Dragging play scroll bar is just one case of the “empty buffer issue”. The more general case is: video playout buffer is exhausted due to cell load and channel status fluctuation.

This paper analyze the potential solutions for this issue.
2.  Solution 1: OTT video over dedicated QCI/bearer
In current network, OTT video is usually transmitted with regular internet traffic, without prioritization even when playout buffer level is exhausted. Carrying OTT video in dedicated bearer with high priority QCI as show in figure 1 could lessen the issues in light load network. 
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Figure 1: OTT video over dedicated QCI/bearer
However, in this solution, the video traffic is always scheduled with high priority, even when the playout buffer level is high. This reduces the number of video sessions a cell can support. It also increases the delay of non-video traffic. 
Observation 1: Dedicated QCI/bearer could improve the OTT video QoE, with the cost of lower capacity and longer delay for non-video traffic.
3. Solution 2: Video deadline-aware scheduling
Unlike solution 1 (video is always prioritized), in this solution, video is prioritized on need. The scheduling for the UE is prioritized only when UE’s video playout buffer level is low or deadline (playout time) of request video object is approaching. When the UE’s buffer level is high or deadline is far, the eNB may even deprioritize the schedule to this UE. This significantly reduces the need of prioritization and therefore avoids the capacity issue and reduces performance impact to non-video UE. 
Figure 2 is simulation result for the video capacity and stall probability under PF scheduling algorithm and deadline-aware scheduling.


[image: image2]
PF (Proportional Fair) is used as baseline. In PF, the scheduling priority is: P=R/T, where:

· R: the estimated data rate, if the UE is scheduled; 
· T: the average data rate of this UE.

In deadline-aware scheduling, we used playout buffer level as deadline. The scheduling priority is: P=R/max(B-I, 0.001), where:

· B: time to buffer empty at UE side, i.e. buffer level or deadline
· I: Initial playout buffer level, 1 sec is assumed in the simulation.

To make the simulation simple and straight forward, we assumed:

· All UEs have the same geometry 8.7dB,

· All the video segments have same size,

· eNB knows buffer level in real time. 

The result shows that at 1% stalling probability level, PF can support 20 UEs, while deadline-aware scheduling can support 25 UEs, i.e. 25% capacity gain, which may be the lower bound of the gain. 

If more sophisticated deadline-aware scheduling algorithm is used, the capacity gain should be larger. If the eNB further knows the priority information in video coding, similar to class A, B, C of AMR, the video stalling probability could be further reduced by RAN based rate adaption or unequal protection. If the UE geometry is different and is frequently changing due to mobility, the gain should be much larger.
Observation 2: Under same video stalling probability, video deadline-aware scheduling has at least 25% video capacity gain than regular PF scheduling.
4. Summary
Based on above analysis, we have following observations:

Observation 1: Dedicated QCI/bearer could improve the OTT video QoE, with the cost of lower capacity and longer delay for non-video traffic.
Observation 2: Under same video stalling probability, video deadline-aware scheduling has at least 25% video capacity gain than regular PF scheduling.

Proposal: RAN3 to study signaling for video deadline (or playout buffer, or playout time) aware scheduling.
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Annex: Technical Proposal to TR
Based on above and the discussion in the meeting, this paper provides the text proposal for video transmission issue.
---------------------------------------------------Start of Change------------------------------------------------------------
5.x
Video Solutions

6. 5.x.1 Solution 1: OTT video over dedicated QCI/bearer

In current network, OTT video is usually transmitted with regular internet traffic, without prioritization even when playout buffer level is exhausted. Carrying OTT video in dedicated bearer with high priority QCI as show in figure 5.x.1-1 could lessen the issues in light load network. 
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Figure 5.x.1-1: OTT video over dedicated QCI/bearer

7. 5.x.2 Solution 2: Video deadline-aware scheduling

Unlike solution 1 (video is always prioritized), in this solution, video is prioritized on need. The scheduling for the UE is prioritized only when UE’s video playout buffer level is low or deadline (playout time) of request video object is approaching. When the UE’s buffer level is high or deadline is far, the eNB may even deprioritize the schedule to this UE. This significantly reduces the need of prioritization and therefore avoids the capacity issue and reduces performance impact to non-video UE. 
Figure 5.x.2-1 is simulation result for the video capacity and stall probability under PF scheduling algorithm and deadline-aware scheduling.
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PF (Proportional Fair) is used as baseline. In PF, the scheduling priority is: P=R/T, where:

· R: the estimated data rate, if the UE is scheduled; 
· T: the average data rate of this UE.

In deadline-aware scheduling, we used playout buffer level as deadline. The scheduling priority is: P=R/max(B-I, 0.001), where:

· B: time to buffer empty at UE side, i.e. buffer level or deadline

· I: Initial playout buffer level, 1 sec is assumed in the simulation.

To make the simulation simple and straight forward, we assumed:

· All UEs have the same geometry 8.7dB,

· All the video segments have same size,

· eNB knows buffer level in real time. 

The result shows that at 1% stalling probability level, PF can support 20 UEs, while deadline-aware scheduling can support 25 UEs, i.e. 25% capacity gain, which may be the lower bound of the gain. 

---------------------------------------------------End of Change--------------------------------------------------------
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Figure 2: Video Stall Probability Comparison
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Figure 5.x.2-1: Video Stall Probability Comparison
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