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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.

In SA4 #89 an opportunity to improve user experience with DASH streaming by network assistance of the DASH client was presented [2] and the use case was agreed.

The present document includes a text proposal to TR 26.957 to further describe Use Case #4, Network Assistance for DASH. 
2 Description

2.1 Network Assistance
The concept of network assistance is based on a general query/response approach. A video client may send a query for assistance, typically prior to a buffer filling operation. Within the query message assistance information is provided, such as the available media rates and current media buffer status at the client. The network responds to the query with relevant information to the video client, and the network may take actions to assist the video client to better QoE. The query/response procedure is repeated when the video client needs assistance, e.g. prior to a media segment download. The query/response procedure may be preceded with an initiation/authorization phase, e.g. at streaming session initiation in order to exchange initial parameters related to the client and/or media.
In the network response the network may assist the client with a recommended video payload rate. The recommended rate is only additional input to the rate selection algorithm in the client, and is the highest media rate the network recommends at this moment for good user experience. The recommended rate may include estimates of both radio link and transport link rates, and consider radio quality and number of active users. It may consist of the estimated rate for the video application, if the bearer is shared with other services. It may also include network/operator policies aiming to restrict the rate.
The information needed to make this type of rate estimation of the available network throughput for next coming time period is only available in the network. The client or UE only has historic rate information from previous downloads, and this historic information may be many seconds old depending on when last download was made.
Since buffer level and start of video session are reported by the video client, the network may at certain instants consider temporarily increasing the priority of data transfer to the specific client. This is denoted as a throughput boost, and is a short temporary increase of throughput in the network, e.g. in the beginning of a video session for improved time-to-play latency and/or when the buffer level is low and there is risk of video playback stalling. A throughput boost may be realised in the Access Network or in the Core Network. The network informs the client when throughput boost is performed, so that the client is not misled about the available throughput, and the maximum media rate that the client may use.
Control mechanisms may be implemented in the network and the video client to analyse the accuracy of provided network assistance information. The operator may choose to provide the boosting function in Network Assistance to trusted clients only. Figure 1 shows a potential technical solution describing how the client is authorised to use Network Assistance and how the client derives the address of the network assistance function.
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Figure 1. Sequence for Network Assistance between the media client and the network

1. Client requests download of MPD from media server
2. Client makes a DNS lookup of a default Authentication/Authorization server address
3. Client requests to be authorized and authenticated for use of Network Assistance service
4. AA server responses with a Network Assistance function address
5. Client queries assistance from the Network Assistance function
6. Network responses with assistance information
7. Client downloads media segments from the media server
Note 1: Step 2-4 may also be performed before step 1.
Note 2: Step 5-6 are repeated when the media client need assistance, e.g. before every segment download.
2.2 Mapping to SAND

The Network Assistance for DASH is a new functionality proposed to be added in 3GPP. It 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, and assisting the video client at start of the session to fill the buffer or to avoid re-buffering during the session by increasing the throughput temporarily. It may be realised using SAND with a DANE function for network assistance. The network assistance function may be provided by an out-of-band DANE, and can be applied also together with encrypted video traffic. The Network Assistance function does not depend on detecting or reading media segments or the MPD. 
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Figure 2. Network Assistance provided as an out-of-band DANE

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 describes the messages SharedResource Allocation (clause 6.4.2), SharedResourceAssignment (clause 6.5.3) and QoSInformation (clause 6.5.7) that could match the need, but may require a small update in semantics. 

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
6.4
Use Case # 4 Network Assistance for DASH

6.4.1
Use Case Description

DASH clients typically perform rate adaptation based on their buffer fullness level, 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 with speeding up buffer filling in situations where the buffer level is very low.
6.4.1.1 Network Assistance

The concept of network assistance is based on a general query/response approach. A video client may send a query for assistance, typically prior to a buffer filling occasion. Within the query message assistance information is provided, such as the available media rates and current media buffer status at the client. The network responses to the query with relevant information to the video client and the network may take actions to assist the video client to better QoE. The query/response procedure is repeated when the video client needs assistance, e.g. prior to a media segment download. The query/response procedure may be preceded with an initiation/authorization phase, e.g. at streaming session initiation in order to exchange initial parameters related to the client and/or media.

In the network response the network may assist the client with a recommended video payload rate. The recommended rate is only additional input to the rate selection algorithm in the client, and is the highest media rate the network recommends at this moment for good user experience. The recommended rate may take into account estimates of both radio link and transport link rates, radio quality and number of active users. It may consist of the estimated rate for the video application, if the bearer is shared with other services. It may also include network/operator policies aiming to restrict the rate, however how the information is gathered and relayed to the Network Assistance function is out of scope of the network assistance use case.
The information needed to make this type of rate estimation of the available network throughput for next coming time period is only available in the network. The client or UE only has historic rate information from previous downloads, and this historic information may be many seconds old depending on when last download was made.
Since buffer level and start of video session are reported by video client the network may at certain instants consider temporarily increasing the priority of data transfer to the specific client. This is denoted a throughput boost, and is a short temporary increase of throughput in the network, e.g. in the beginning of a video session for improved time-to-play latency and/or when the buffer level is low and there is risk for video playout stalling. A throughput boost may be realized in the Access Network or in the Core Network. The network informs the client when throughput boost is performed, such that the client is not misled in available throughput, and the maximum media rate the client may use.

Control mechanisms may be implemented in the network and the video client to analyse the accuracy of provided network assistance information. The operator may choose to provide the boosting function in Network Assistance to trusted clients only.
6.4.2
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 segment download  provided to any 3GP-DASH client in a network attached UE. How the information is gathered and relayed to the Network Assistance function is out of scope.
· The 3GPP network can provide network assistance in case of pre-buffering, re-buffering or close to re-buffering by temporarily increasing the throughput. During the temporary increase in throughput the network may request the client to limit the media rate of the content. How the Network Assistance function triggers the temporary increase of priority is out of scope.
· The 3GP-DASH client provides relevant information to the 3GPP network to be used for network assistance.
· The 3GP-DASH client can discover the Network Assistance function. The 3GP-DASH player may need to be authenticated and authorized to use a network assistance service.
It is recommended that 

- the 3GP-DASH client can access the network assistance function for video streaming;

- the 3GP-DASH client can request the network assistance function to provide an indication of the recommended rate for a particular DASH content item;

- the 3GP-DASH client provides information of the available media rates for a particular DASH content item to the network assistance function;

- the 3GPP network can assist DASH clients in performing rate adaptation by providing a recommended rate;

- the 3GP-DASH client can access network assistance function at buffer filling;

- the 3GP-DASH client can request assistance from the network assistance function to quickly fill the buffer at initial buffering of video and/or during video playback when the buffer level is low, to avoid re-buffering;

- the 3GP-DASH client provides information relating to the reason for requesting network assistance, e.g. buffer fullness level, i.e. media time, or the absolute or relative time by which assistance should take place, to the network assistance function;

- the 3GPP network can assist DASH clients in speeding up the buffer filling when needed;

- the 3GPP network may request the DASH client to limit the media rate of the segments when speeding up the buffer filling.
6.4.3
Gap Analysis w.r.t. Existing 3GPP Technologies

To assist the 3GP-DASH client in rate adaption the following messages may be used:
· The 3GP-DASH client may provide information of the available media rates for a particular DASH content to the network using the SAND message SharedResourceAllocation with the parameter bandwidth for each operation point (see clause 6.4.2 of [3] for the detailed semantics). It is assumed that the parameter bandwidth for all operation points represents all available media rates for a particular DASH content.
· The 3GPP network may provide information of  the highest recommended media rate for a particular DASH content to the 3GP-DASH client using the SAND message SharedResourceAssignment with the parameter bandwidth (see clause 6.5.3 of [3] for the detailed semantics). It is proposed that the parameter bandwidth represents the highest recommended media rate, based on a network estimation/prediction of the resource assignment for this 3GP-DASH client for the next coming period. The period is defined using the attribute validityTime in the SAND message envelope
.
To assist the 3GP-DASH client at buffer filling the following messages may be used:
· The 3GP-DASH client may provide information of the current client buffer level to the network using the SAND message BufferLevel (see clause 6.3.5 of [3] for the detailed semantics). 

· The 3GPP network may request the 3GP-DASH client to limit the media rate of the requested segments using the SAND message QoSInformation with parameter mbr (see clause 6.5.7 of [3] for the detailed semantics) when the network applies quicker buffer filling strategies. The period of validity of the mbr is defined using the attribute validityTime in the SAND message envelope.
6.4.4
Potential Solutions including Relevant SAND Functionality

Network Assistance may be realized using SAND with a DANE function for network assistance. The network assistance function may be provided by an out of band DANE, and can be applied also together with encrypted video traffic. The Network Assistance function does not depend on detecting or reading media segments or the MPD, see figure 6.4.4.1. 
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Figure 6.4.4.1 Network Assistance provided as an out-of-band DANE 

The Network Assistance DANE may also be provided in combination with DANE’s handling the media, see figure 6.4.4.2.
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Figure 6.4.4.2 Network Assistance provided as an out-of-band DANE in an architecture with DANE’s handling media
Figure 6.4.1.2 shows a potential technical solution describing how the client is authorized to use Network Assistance, if necessary to do so, and how the client derives the address to the Network Assistance function. Once the 3GP-DASH client has information about the address to the Network Assistance function the communication between 3GP-DASH client and Network Assistance function can be transferred as user plane data. When the client is authorized (if necessary), the client queries the network for assistance. This may be repeated for every segment download.
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Figure 6.4.1.2. Sequence for Network Assistance between the media client and the network

1. Client requests download of MPD from media server

2. Client makes a DNS lookup of a default Authentication/Authorization server address

3. Client requests to be authorized and authenticated for use of Network Assistance service

4. AA server responses with a Network Assistance function address

5. Client queries assistance from the Network Assistance function

6. Network responses with assistance information

7. Client downloads media segments from the media server

Note 1: Steps 2-4 may also be performed before step 1.
Note 2: Steps 5-6 are repeated when the media client needs assistance, e.g. before every segment download.
The sequence depicted above is meant to be generic and rather hypothetical. It is not intended that any new or special authentication or authorization process is deployed just for network assistance, rather authentication and/or authorization may be performed according to the requirements of the service being delivered. Authentication/authorization for network assistance may also be granted by the DANE directly. It is also possible to make the UE aware of the location of the AA server, if required, and NA server, well in advance of the UE actually needing to request network assistance. For example, this information could be pre-configured or made known to the UE when the streaming service is launched on the UE, e.g. via OMA Device Management.
6.4.5
Simulation and Test Results

To verify the need for network assistance, simulations and lab 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, while the lab tests were made streaming a video session of 60 seconds long and with media segment length of 2 seconds.
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Figure 6.4.5.1 Buffer filling strategy used for all rate adaptation algorithms

Figure 6.4.5.1 shows the buffer filling strategy in the video client in the simulation case, but the principle is the same in the lab tests. The maximum buffer level is 3 media segments, i.e. 30 seconds, and the video playout starts when the buffer is filled with one media 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 6.4.5.2 Simulations of average re-buffering time (30s buffer, 10s segments)

Figure 6.4.5.2 shows 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 were made in a 3GPP case 1 scenario, with 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 6.4.5.3 Lab test with video clients using a client throughput based algorithm and a client using network assistance

Figure 6.4.5.3 shows results from tests made in a LTE lab environment comparing a client throughput based algorithm and a client using network assistance, taking the average of 10 repetitive tests. Web traffic in the background and varying link quality corresponding to a UE speed of 3 km/h was used. The tests are made to evaluate if a throughput based client rate adaptation algorithms can make quicker decisions if it selects the media rate for the next segment download based on the average throughput of only the last media segment download. It may be seen in the top graph 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 6.4.5.4 Throughput boosting to fill buffer at low buffer levels

As shown in Figure 6.4.5.4, throughput boosting (temporary increase of network throughput for this client) 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 which may lead to that the client makes an erroneous media rate selection when the throughput is back to normal again, without boost, and selects a higher media rate than suitable for the next segment download. It should also be combined with a limit in allowed media rate not to cause unnecessary load.   


8
Conclusions and Recommendations

In clause 6.4 results of the study of Network Assistance for DASH is presented. Simulation and test results of Network Assistance have shown that QoE improvements in video client during video streaming can be achieved. Based on the results it is concluded that Network Assistance can reduce the average re-buffering time and lead to a better user experience. It has been identified that Network Assistance may be realized using SAND with a DANE function for network assistance, and a gap analysis w.r.t. existing 3GPP technologies has been made. 

Based on the evaluations and findings in section 6.4 it is recommended to start normative work to specify solutions for Network Assistance in 3GPP.

4 Summary and Proposal
It is proposed to incorporate the changes to the previously proposed text as contained in clause 3 above into TR 26.957.
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�The contents of this sub-section may be moved to the “potential solutions” sub-section, at the discretion of the work item rapporteur


�Editor’s note to added that other SAND messages may also be applicable to use here
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