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In TR36.933 RAN3 captured the issue of Inaccurate Throughput Prediction for DASH. The issue is described below.
Case 2: Inaccurate throughput prediction for DASH issue
DASH client requests video quality based on downlink throughput prediction. Throughput prediction is based on implementation specific mechanisms. The accuracy of the prediction is dependent from the specific implementation. However, one factor that may affect the prediction is that the DASH client may base the prediction on previous downloads. The DASH client may not have an insight to whether the network conditions have changed, thus the current available throughput may be difficult to predict. Conservative requesting low data rate video segment leads to low video quality and aggressive requesting high data rate video segment leads to more video stalling.

RAN3 also added a solution in TR36.933 to describe how DASH throughput prediction could be improved. This solution is described below:

5.4.2.2	Solution 2: Solution of DASH optimisation
In this solution, the RAN provides Predicted bandwidth to the client. The Predicted bandwidth for a specific UE is the throughput estimated to be available at the radio downlink interface in a period of time.
The whole procedure can be found in figure x below:


Figure 5.4.2.2-1: RAN Assistance Rate Selection
At first, the Client receives the MPD file of requested video from the Server side, which may include more than one rate for a segment.
And then, the Client may report the bandwidth range of the target segment which will help RAN to give UE the predicted bandwidth more accurate. . 
Finally, the RAN sends the predicted bandwidth to the Client. With the predicted bandwidth, the Client can select the rate of target segment suitably. 
 
Solution 2 above refers to the SAND architecture under study by SA4. This architecture is mentioned in the LS in [1] and can be found in TR 26.957. The architecture from TR26.957 is as follows:
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Figure 1: SAND messages (taken from ISO/IEC 23009-5 [2])
The figure above shows the DANE (DASH-aware network element) and its communication with the DASH Client, which is typically located in the UE. Assistance information for optimized DASH behavior, such as the provisioning of Predicted Bandwidth Configuration, is something that is provided by the DANE to the DASH Client.
Moreover, it is specified in TR26.957 that DASH is a protocol that communicates at application level, i.e. via HTTP. 
This paper provides more details on the solution captured in TR36.933 and it introduces in it the elements SA4 is working on within their study on SAND. 
The proposals herein are triggered by the request in [1] from SA4 to take the scope of the SAND work into account in RAN3 and to provide possible views on how the issues tackled in SAND can be addressed from a RAN point of view.

Enhanced Solution for DASH Optimisation
The DANE node is a network element with DASH awareness, which communicates to the DASH client and that provides network assistance information to improve the behaviour of the client. Communication between the DANE and the DASH Client is via HTTP, as it is specified in TR26.957 with regards to PER messages (Parameters Enhancing Reception (PER) messages that are sent from DANEs to DASH clients). Therefore, communication between the DANE and the DASH Client is via what to the RAN appears as application layer data, i.e. UP payload.
Observation 1: The DANE provides network assistance information to the DASH Client aimed at improving the DASH behaviour. Network assistance information from the DANE to the DASH Client is provided via UP data

The network assistance information that is described in Solution 2 of Section 5.4.2.2 of TR36.933 consists of a recommended rate which is used by the DASH Client to better select the media rate of next segment to request from the DASH Server. As it was discussed in RAN3 in previous meetings, the predicted bandwidth is provided by the RAN to the DASH Client because the RAN is the best node to estimate available resources at a given point in time, which is something the DASH Client cannot do with good accuracy. It is important that such bandwidth prediction is done by the RAN because only the RAN is aware of e.g. other UEs competing for the same resources, overall load of the radio interface, future commitments in terms of resource allocation, such as semi persistent scheduling.
This leads us to a second observation:
Observation 2: It is important that the RAN provides information on recommended rate, which can help the DASH Client to better select the video bitrate for future video segments from the DASH Server, while decreasing the risk of video quality degradations

By merging the requirements of the two observations above one can conclude that one possible solution could consist of locating the DANE as a function of the eNB. This would fulfil Observation 2, namely it would allow that the DANE function could use recommended rate information based on RAN resource awareness. The latter is due to DANE being a function of the eNB.
To fulfil the first Observation and allow the network assistance information (recommended rate) to be provided by the DANE to the DASH Client via HTTP data, it is necessary that the DANE at the eNB can inject such network assistance information as UP payload towards the UE (hosting the DASH Client). The latter can be achieved by using a local breakout function at the eNB, which terminates UP bearers at the eNB and that allows a function such as the DANE to inject UP data traffic directly in the breakout bearers so that such traffic (containing DASH assistance information) can reach the UE at application layer. In this solution the local breakout bearer is used only to send to the DASH client network assistance information from the DANE. This information is independent from the payload of the DASH media content, which can be sent to the DASH Client via classic UP bearers carrying content from the DASH Server.
From the above the following architecture can be deduced:




Figure 2: Solution for recommended rate information provisioning via DANE at RAN and Local Breakout UP bearers

The solution proposed in Figure 2 allows the DANE to be a function of the eNB and to be directly provided with information on recommended rate for a given service, which is based on what the RAN can monitor. For example, such information could be based on estimated resources available and available throughput for a given service. 
As the DANE needs to communicate at HTTP level with the DASH Client, the information can be injected into a UP bearer that breaks out locally to the RAN. Local breakout is a concept that has been supported for many releases at the eNB, hence it is relatively simple and convenient to rely on this feature. The local breakout regards only network assistance information and would not affect media content traffic, which is always provided by a DASH server.
The DASH Client would receive the network assistance information via UP bearer traffic. The client will be able to use this information for DASH media rate prediction, leading to an optimised DASH audio/video QoE. 
Allowing the transmission of network assistance information via the UP reduces the signalling load over the air and eliminates the impact on other protocols and specifications such as RRC. 
Proposal: It is proposed to agree to the solution in section 2 and to add it in TR36.933 
Conclusion
In this paper the problem of throughput prediction assistance for DASH has been addressed with a solution that enables the required network assistance information (in the form of a recommended media rate) to be generated by RAN nodes (which are the nodes holding the information needed to recommend a video streaming bitrate) and to be provided to the DANE function within the eNB. The DANE is able to communicate the network assistance information via existing DASH signalling mechanisms, i.e. via HTTP signalling sent on local breakout UP bearers. The latter reduces over the air signalling between the RAN and the UE (hosting the DASH client) and it allows ready consumption of the network assistance information at the DASH client for an optimised QoE.
The following is proposed:
Proposal: It is proposed to agree to the solution in section 2 and to add it in TR36.933 
A TP for TR 36.933 is provided in R3-163020.
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