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1 Introduction
This contribution provides results from studies on UE-based video rate adaptation in LTE networks for the End-to-end MTSI extensions work item, [1]. The purpose of these studies was to evaluate what may happen when UE-based adaptation is used to reduce the bitrate of the video service in response to detected performance problems.
Simulations have been performed for four different scenarios:

1. UEs without adaptation, load level A, the load level (number of users per cell) is chosen such that it does not cause performance problems for most users.
2. UEs without adaptation, load level B, the load level (number of users per cell) is chosen such that it causes significant performance problems for most users.
3. UEs with fairly slow adaptation, same load level (number of users per cell) as in scenario 2.
4. UEs with improved adaptation that allows faster reaction to detected performance problems, same load level (number of users per cell) as in scenario 2.
Other aspects of UE-based adaptation are also discussed.
Network triggered adaptation, e.g. using ECN, is not included in these studies. The recovery phase, i.e. when the clients decide to increase the bitrate in response to improved operating conditions, is FFS.

2 Simulation setup

2.1 System simulator
An LTE system simulator was used in this evaluation. The simulator parameters are shown in the table below.

	Scenario
	3GPP case 1, [2]

	Links
	Only uplink

	Channel bandwidth
	5 MHz

	Cells
	7/21 (7 sites with 3 cells each)

	Scheduler
	Round-robin

	AQM
	No

	Call drop strategy
	None


Only the uplink was simulated as this is the limiting link for the MTSI service in LTE.
2.2 Client description

A brief description of the clients used in this study is given in the table below.
	
	Scenario 1 and 2

No adaptation
	Scenario 3 and 4
Adaptation

	Media
	Video
	Video

	Codec
	H.264
	H.264

	Bit rate [kbps]
	1.5 Mbps
	Max: 1.5 Mbps
Min: 150 kbps

	Frame rate [fps]
	30
	30

	Adaptation
	None
	Delay-based

Media receiver detects long delays and sends a rate request (TMMBR) to reduce the rate
Media sender applies the requested rate immediately upon receiving the TMMBR

	Slow start
	No
	No

	RTCP bandwidth per UE [kbps]
	75 kbps (5% of max media bandwidth)
	75 kbps (5% of max media bandwidth)

	RTP profile
	AVPF
	AVPF

	Reduced-size RTCP
	No
	No


Comments:

When adaptation is used then it is assumed that all clients behave in the same way, both regarding what metrics that are evaluated and how they determine what bitrate to request when performance problems are detected.

The difference between the adaptation in scenario 3 and scenario 4 is:

· In scenario 3, the receiving clients are limited to send rate requests no more frequently than once every other second. This limitation was chosen to exemplify a poorly working adaptation.
· In scenario 4, the receiving clients has an improved adaptation that can send rate requests more frequently and often sends more than one rate request per second.

2.3 Simulation setup
The simulation setup is described in the table below.

	
	Scenario 1 & 2
	Scenario 3 & 4

	Total simulation time
	90 s

	Evaluation period
	30 s in the middle

	Bitrate
	1.5 Mbps fixed rate
	0.15-1.5 Mbps adaptive rate

	UEs
	UEs generated with 0.3 UEs/s for 0-60 s

	UE generation model
	Poisson

	Slow start
	No


2.4 Evaluation
The evaluation focuses on the media performance for individual users. The frame delays for each UE are analyzed and a few examples plotted. This is done to enable comparing the performance for different UEs. The results shown in Section 3 show only a few examples of the video frame delay profiles.
In addition, CDFs of the 98 percentile delays are created for each scenario.
3 Results

This section presents and discusses the results from the simulations described in Section 2. Only a few examples of the video frame delay traces are shown for each simulation scenario.

3.1 Scenario 1, Effects on media, without adaptation, load level A
Most users experience video frame delays as shown in the figure below. Most users experience video frame delays that vary quite small as shown in Figure 1a or short periods with slightly longer video frame delays as shown in Figure 1b. A few users experience long periods with very long video frame delays as shown in Figure 1c or even extreme video frame delays as shown in Figure 1d.
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Figure 1. Examples of video frame delays for different users for low load level
By calculating the 98 percentile video frame delay for each user and then plotting the CDF of these results one can get a good overview of the performance for all users in the simulation, see Figure 2 below. 
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Figure 2. CDF of 98 percentile video frames for each user
As can be seen, there are many users that have short delays but there are also some users that have too long delays.

Based on these results, it should be obvious that rate adaptation need to be supported in all UEs, even when the load levels is reasonable.
3.2 Scenario 2, Effects on media, without adaptation, load level B
When the load level is increased then there are still some users that experience quite good performance, for example as shown in Figure 3a where the video frame delays are not any worse than for load level A. There are also some examples where the users experience long periods with long video frame delays as shown in Figure 3b. There are many occurrences where the video frame delays increase gradually as shown in Figure 3c but there are also some occurrences where the video frame delays increase very rapidly as shown in Figure 3d.
	[image: image6.png]Delay [s]

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

0
0

Video frame delays

100

I Il Il Il I Il
200 300 400 500 600 700 800 900
Video frame number [#]




a)
	[image: image7.png]Delay [s]

Video frame delays

09

0
0

I Il Il Il I Il
100 200 300 400 500 600 700 800 900
Video frame number [#]




b)

	[image: image8.png]Delay [s]

Video frame delays

i
200

Il Il Il
300 400 500
Video frame number [#]

600

i
700

800




c)
	[image: image9.png]Delay [s]

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

0
0

Video frame delays

100

i
200

i
300

Il Il
400 500
Video frame number [#]

600

i
700

i
800

900




d)


Figure 3. Examples of video frame delays for different users for high load level
The figures above show that the video frame delays can deteriorate in different ways. An adaptation solution that adapts too slowly and/or too little will probably only handle the cases of slowly increasing delays. It will likely not solve problems with rapidly increasing delays.

The corresponding CDF of the 98 percentile video frame delays is shown below.
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Figure 4. CDF of 98 percentile video frames for each user
As can be seen in this figure almost all users have significant video frame delays.
In this simulation setup one can expect that most packets were buffered up in the transmission queue. If an AQM is used on this queue then one should expect that these long delays are replaced with packet losses, which also would cause bad quality.
3.3 Scenario 3, Effects on media, slow adaptation, load level B
The load level in this scenario is the same as in Scenario 2 but the UEs are adapting the bitrate relatively slowly, see Section 2.2. The video frame delays have been reduced for many users and the video frame delay traces are now similar to what is shown in Figure 5a. However, there are still quite many cases with long periods of long video frame delays, gradually increasing video frame delays and rapidly increasing video frame delays as shown in Figure 5b, Figure 5c and Figure 5d, respectively.
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Figure 5. Examples of video frame delays for different users for high load level
The corresponding CDF of the 98 percentile video frame delays is shown below.
	[image: image15.png]CDF of 98 percentile video frame delays
1 T T T

0.5

0.4

03

0.2

0.1

Il
0 5 10 15 20 25
Delay [s]






Figure 6. CDF of 98 percentile video frames for each user
As can be seen in this figure, the adaptation algorithm used in this simulation has solved the problem with long video frame delays for quite many users and has improved the video frame delays for many other users. However, there are still some users with extremely long video frame delays.
3.4 Scenario 4, Effects on media, improved adaptation, load level B
The load level in this scenario is the same as in scenario 2 and scenario 3 but the UEs are adapting the bitrate faster than in scenario 3. As can be seen in the figures below the same types of performance problems can be detected as for scenario 3. It is however a general observation that there are fewer occurrences of slowly increasing delays, as shown in Figure 7c.
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Figure 7. Examples of video frame delays for different users for high load level
The corresponding CDF of the 98 percentile video frame delays is shown below.
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Figure 8. CDF of 98 percentile video frames for each user
These results are quite similar to the results for scenario 3 but the video frame delays have been improved in some cases. However, the worst cases are still as bad as in scenario 3.
3.5 Comparison of 98 percentile delays
The 98 percentile video frame delays have been plotted in the same figure to simplify the comparison.
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Figure 9. Comparison of 98 percentile video frame CDFs
This comparison shows a large gain with having adaptation, even though there are still some users that have very long delays. Switching to a faster adaptation gives further improvements, but the users with worst delays still have very long delays.
3.6 Discussion
The results of these simulations show that not reacting at all, or reducing the rate too slowly and/or too little, can be expected to cause bad media performance when the load increases. To ensure proper adaptation, it is necessary to define requirements on how fast and how much the receiver should react to detected performance problems, so that IMS Multimedia Telephony can deliver good video quality for most users even when the load is high.
4 UE-based adaptation in sender
In the above studies the media sender reacted immediately when a TMMBR message was received, i.e. the requested rate was immediately sent to the video encoder and applied for the next video frame to be encoded. If the media sender delays the rate switching then this should give similar effects as if the same delay would be applied in the media receiver. Therefore, requirements for a fast and accurate adaptation algorithm in the media receiver should be accompanied with similar requirements for the media sender. Otherwise there is a risk that a bad sender implementation may destroy all the benefits with having a good media receiver implementation.
5 Proposal
To achieve good video performance when the load increases the source proposes:
· For the media receiver:

· It should be mandatory for the media receiver to evaluate the performance. It is foreseen that the exact adaptation solution could be left as an implementation choice but it would be beneficial to describe a good performing example solution in an annex.

· Minimum requirements should be defined for how fast the media receiver should react.

· Minimum requirements should be defined for how much the media receiver should reduce the current bitrate when TMMBR is used.

· Both requirements and recommendations should be defined.

· For the media sender:

· It should be mandatory for the media sender to apply the received request.

· The delay until the media sender has applied the rate request shall not exceed a specific value that is TBD.
Further studies will be performed to derive the requirements necessary to handle the cases when the congestion level is reduced or removed.

A draft CR showing how these requirements can be implemented in TS 26.114 is included in [3].
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