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1 Introduction
One objective of the Study Item on SAND (FS_SAND) [1] is:

· Improved adaptation on the client side, based on network/server-side information such as cached Segments, alternative Segment availability, and network throughput/QoS.

The present document describes some opportunity to improve user experience with DASH streaming by network assistance of the DASH client. 
2 Description

2.1 Network Assistance

According to [2], 

When consumers turn to their smartphones to find information quickly, they want an instantaneous response. A neuroscience study measuring user reactions to network performance has shown that delays in loading web pages and videos while completing tasks under time constraints are taxing – heart rate and stress levels increase. Both time-to-content and additional delays due to re-buffering lead to decreases in Net Promoter Scores (NPS). On the other hand, smooth browsing and video streaming lead to increased NPS for a mobile broadband service provider

DASH clients typically perform rate adaptation based on their buffer status, available representation rates and estimates of short-term future throughput. In a wireless network the throughput typically varies quite fast with time, while the client adaptation adjustment is relatively slow, leading to an estimation by the client that carries an error. Accumulated errors, and/or significant individual estimation errors can lead to buffer underrun and stalling of audio/video content playback during re-buffering. 
The network assistance provides the client with better estimates of the short term throughput so it can better adapt to the throughput and avoid stalling of audio/video playback. This would be a beneficial functionality when introducing MPEG SAND into the 3GPP wireless mobile network context. 
Based on the available media rates the network may assist the client with a recommendation of the highest suitable media rate for the next coming media download, i.e. a Recommended rate.
Further, to avoid buffer underrun, the network may also assist the client in situations where the buffer level is very low by speeding up the buffer refill. This could be done not only when initiating an audio/video streaming session, to provide low time-to-play latency, but also during an ongoing session to reduce the probability of buffer underrun. In order to not make the client estimation of the throughput erroneous, the client may be made aware of the network assisting in buffer refill.
2.2 Simulation & test results

To verify the need for network assistance, simulations and tests are performed with and without the network assisting the client in rate adaptation. The simulations are made comparing two different client rate adaptation algorithms with a Network Assistance Rate Adaptation algorithm, NARA. The first client algorithm is based on client throughput measurements, where the media rate for the next segment download is selected based on the average throughput of the three last downloads. The second client algorithm is based on client buffer fill level, where the media rate is gradually increased with the increase of buffer fullness. The lowest media quality is selected when the buffer fullness is 30% or lower, while the highest media rate is selected when the buffer fullness is 80% or higher. The NARA algorithm is based on network throughput estimations of the next-coming period. 
The simulations were made streaming a video session of 120 seconds long and with media segment length of 10 seconds.
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Figure 1 Buffer filling strategy used for all rate adaptation algorithms

Figure 1 shows the buffer filling strategy in the video client. The maximum buffer level is 30 seconds and the video playout starts when the buffer is filled with one segment, i.e. 10 seconds of video. While playing the video, the client continues to fill the buffer up to 3 media segments. The downloading of media segments is paused until 2 media segments remain in the buffer and a new segment is downloaded. The maximum buffer level is not reached due to one media segment is always playing.
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Figure 2 Average re-buffering time (30s buffer, 10s segments)

Figure 2 describes the average re-buffering time, i.e. the audio/video stalling time, over an increase of number of video users in a cell. These LTE system simulations in a 3GPP case 1 scenario, a UE speed of 3 km/h and an inter-site distance of 500 m with 9 cells in total. There is also web-traffic in the background to create a mixed traffic scenario. 

With increased load (number of video users /cell) and non-assisted rate adaptation, the average re-buffering time increases linearly, while with use of NARA - the average re-buffering time increases much more slow.
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Figure 3 Test with video clients using client throughput based algorithm and client using network assistance

In Figure 3 tests are made in a LTE lab environment using two video clients, web traffic in the background and varying link quality corresponding to a UE speed of 3 km/h. The tests are made to evaluate if a throughput based client rate adaptation algorithms can make quicker decisions and select the media rate for the next segment download based on the average throughput of only the last download. The results are compared with a Network Assistance Rate Adaptation algorithm, NARA. It may be seen that the client still does not have the latest information of link throughput, and more re-buffering will occur when the link throughput decreases more rapidly compared to using the rate information with network assistance.    
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Figure 4 Throughput boosting to fill buffer at low buffer levels

As shown in Figure 4, throughput boosting may be used in certain occasions to speed up the filling of the client buffer. In the beginning of the session throughput boosting may be used to shorten the time to playout, giving a better experience for the user. During the video session it may happen that the buffer level is very low due to large changes in the link throughput, and to avoid stalling of the video playout throughput boosting may be used to quickly re-fill the buffer to a certain level. When the network applies the throughput boosting the client should be informed, in order to not cause the client to be misled in available link throughput. It should also be combined with a limit in allowed media rate not to cause unnecessary load.   

2.3 Mapping to SAND

The network assistance provides the client with better estimates of the short term throughput so it can better adapt to the throughput and avoid stalling of audio/video playback. The network assistance might not be provided by an entity in the media path. Hence SAND should enable DANEs that are not in the media path.

The network may assist the client with a recommendation of the highest suitable media rate for the next coming media download, i.e. a recommended rate. MPEG SAND Clause 6.5.3 describes the messages SharedResource Allocation and SharedResourceAssignment that could match the need but would require a small update in semantics. A new SAND message could also be defined. 

The network may also assist the client in situations where the buffer level is very low. The client needs to signal its buffer level to obtain such assistance. This matches MPEG SAND Clause 6.3.5 “BufferLevel” (See D.4.5 Buffer level in ISO/IEC 23009-1:2014 for the semantics.). A new message may be needed to inform clients about the ongoing assistance due to buffer level.

3 TR 26.957 text proposal
5.1
Use Case # 1: Network Assistance for DASH
5.1.1
Use Case Description

DASH clients typically perform rate adaptation based on their buffer status, available representation rates and estimates of short-term future throughput. In a wireless network the throughput typically varies quite fast with time, while the client adaptation adjustment is relatively slow, leading to an estimation by the client that carries an error. Accumulated errors, and/or significant individual estimation errors can lead to buffer underrun and stalling of audio/video content playback during re-buffering. 

The use case for network assistance consists of providing the client with better estimates of the short term throughput so it can better adapt to the throughput and avoid stalling of audio/video playback. This would be a beneficial functionality when introducing MPEG SAND into the 3GPP wireless mobile network context. 

Based on the available media rates the network may assist the client with a recommendation of the highest suitable media rate for the next coming media download, i.e. a Recommended rate.

Further, to avoid buffer underrun, the network may also assist the client in situations where the buffer level is very low by speeding up the buffer refill. This could be done not only when initiating an audio/video streaming session, to provide low time-to-play latency, but also during an ongoing session to reduce the probability of buffer underrun. In order to not make the client estimation of the throughput erroneous, the client may be made aware of the network assisting in buffer refill.

5.1.2
Recommended Requirements and Working Assumptions

Working assumptions

· the 3GPP network can provide network assistance by a recommended highest suitable media rate for the next coming media download  provided to any 3GP-DASH client in a network attached UE. How the information is gathered and relayed to the DANE is out of scope.
· The 3GPP network can provide network assistance in case of pre-buffering, re-buffering or close to re-buffering by temporary increasing the throughput. During the temporary increase in throughput the network may request the client to limit the media rate of the content.
· The 3GP-DASH client provides relevant information to the 3GPP network to be used for network assistance

It is recommended that 

- the 3GP-DASH client can access network assistance for any service including DASH streaming content;
- the 3GP-DASH client can request the network to provide an indication of the recommended rate for a particular DASH content

- the 3GP-DASH client provides information of the available media rates for a particular DASH content

- the 3GP-DASH client provides information of buffer status

- the 3GPP network can assist DASH clients in performing rate adaptation by providing assistance information like a recommended rate
- the 3GP-DASH client can request assistance by the network at low buffer level to avoid re-buffering.

5.1.3
Gap Analysis w.r.t. Existing 3GPP Technologies

The network assistance consists of providing the client with better estimates of the short term throughput so it can better adapt to the throughput and avoid stalling of audio/video playback. The network assistance might not be provided by an entity in the media path. Hence SAND should enable DANEs that are not in the media path.

The network may assist the client with a recommendation of the highest suitable media rate for the next coming media download, i.e. a recommended rate. MPEG SAND Clause 6.5.3 describes the messages SharedResource Allocation and SharedResourceAssignment that could match the need but would require a small update in semantics. A new SAND message could also be defined. 

The network may also assist the client in situations where the buffer level is zero or very low, including at initiation of an audio/video streaming session. The client needs to signal its buffer level to obtain such assistance. This matches MPEG SAND Clause 6.3.5 “BufferLevel” (See D.4.5 Buffer level in ISO/IEC 23009-1:2014 for the semantics.). A new message may be needed to inform clients about the ongoing assistance due to buffer level.

Network assistance is a function in a 3GPP network node with network information suitable for assisting a video client when streaming DASH video, like providing highest recommended rate at rate adaptation and assisting at start of session to fill the buffer or to avoid re-buffering during the session by increasing the throughput temporary. It does not need to or may not able to be in the media path, i.e. able to detect/forward media segments. It would therefore be beneficial to define a DANE which is out-of-band of the media path and is using a transport protocol known to most 3GPP network nodes, i.e. UDP, to be used as a Network Assistance DANE.

It might also be required to initiate and authorize the communication between the video client and the Network Assistance DANE via a common (central) DANE server, possibly at video session or application start up.
5.1.4
Potential Solutions including Relevant SAND Functionality

FFS
4 Summary and Proposal
It is proposed to 
· Add the proposed TR text in clause 3 to TR 26.957
· Evaluate further the gains achieved with the network assistance approach outlined above and identify the gaps and possible amendments of SAND to enable these gains. 
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