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Introduction
In TR 36.933, video issue has been identified as: 
“Inaccurate throughput prediction for DASH. DASH client requests video quality based on downlink throughput prediction. However, unless appropriate priority is assigned to video traffic, UE may not accurately predict the downlink throughput because it is impacted not only by its own channel status but also by the other UE’s traffic and channel status. 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.”
Usually, the DASH client selects the appropriate video segments according to the history throughput, which is estimated based on the history throughput information. However, the history based throughput estimation is inaccurate. There are times when the history throughput based method unable to adapt quickly, 
· Start-up period. Because no measurement can be referred. If the app is a short flow, then the slow start TCP process may leading to end user not benefit from the real mobile bandwidth.
· Network conditions change substantially. In this case, past performance is not indicative of future results. 
· Handover case, the throughput measured in the source may not suitable for the target cell.
In these cases transport layer cannot adapt to radio environment leading to radio environment may either be underutilized radio environment causing lower throughput or over utilized causing layer 2 buffer overflow.                 
In SA WG4 Meeting #91, SA4 Reply LS to RAN3 on SAND [5], it says “Among the topics we are studying is the video content delivery issue of a DASH client not having accurate throughput prediction, e.g., see the use case on network assistance for DASH in clause 6.4 of the attached TR 26.957. In the meantime, we encourage RAN3 to continue their studies on the RAN capabilities towards improving throughput prediction on the client side taking into account lower layer information. In addition, SA4 encourages work that enables support of RAN-level SAND enhancements on the 3GPP network. We also ask RAN3 to consider providing the kinds of RAN information that would be relevant for the streaming enhancements considered under the ongoing FS_SAND study.”
Observation 1: history information based throughput prediction is inaccurate for DASH (or other adaptive HTTP streaming protocol) based content delivery. RAN-level enhancement for throughput prediction is helpful. 
Solution of Network Assisted DASH
Option 1: UE based throughput prediction with eNodeB Assistance
When people say “DASH client reacts to changes in the throughput by changing the requested media bandwidth”, the throughput usually refer to the history throughput measured by upper layer. 
If the UE can have the overall view of the serving radio network, it can more accurately “predict” the optimal bandwidth allocated by RAN in the near “future”, with the optimal throughput “predication”, the DASH client can request a more optimal segment size to the DASH server for end user.
UE based throughput prediction can work as below:
· The RAN network share its cell level information to UE, such as resource status, bandwidth etc.
· DASH client (UE) predict its future available throughout according to the whole cell information.
· The predicted throughput is proactively signalled to DASH layer.
· DASH client determines the optimal video quality and sends request to the server.


The UE based throughput prediction with eNodeB assistance method not only estimates the available throughput, but also predict the future UE assignment bandwidth from the RAN network assist information, i.e. cell loading and average CQI value. The predict throughput, R, can be expressed as:
,
Where W is the system bandwidth which can be acquired from SIB1 in LTE system; the UE spectral efficiency can looks up the CQI table in [4]. 
The load information gets from the eNB potential resource usage of cell time and frequency for this client, and the RAN need broadcast the cell loading information to assist all the served UE to calculate load information. For specific eNB scheduler algorithm, additional adjustment for load information can be calculated to assist DASH client to accurately estimate the throughput.
It should be noted that the filter mechanism should be considered to avoid large fluctuation of predicated R.
Option 2: eNodeB Based Throughput Prediction- Direct mode

                
The UE throughput estimation indication can be signaled to UE via RRC or layer 2 message extension.
This solution will also involve eNodeB DPI work load, and considering hundreds’ of users in a cell, the throughput predication frequency and instantons predication result exchange via air interface is not spectrum resource cost efficiency. On the contrary, distributed throughput predication from UE side is efficiency and spectrum cost effective.
Issues:
· eNB needs to provide estimated throughput of a flow to the server. If the info is provided in control plane, new interface need to be define between server and eNB. If the info is delivered from user plane, eNB DPI and IETF standard change would be needed
· E2E property of DASH is changed

Option 3: eNodeB Based Throughput Prediction-indirect mode

                           
The UE throughput estimation message from eNodeB DASH server can be exchanged via transport layer message extension or GTP message. The throughput estimation indication from DASH server to UE can be carried in HTTP header extension or application layer message. 
In this solution, eNodeB talks to DASH server about the throughput predication of the UE, but this method will bring the extra work load of DPI to eNodeB, and this solution also needs to setup a separate connection between eNodeB and DASH server.
Evaluation

	
	RAN signalling overhead
	Node Impact
	Other

	Option 1:
UE based throughput prediction with eNodeB Assistance
	1-to-multiple via Broadcast cell load information
Overhead:small
	UE and eNodeB
	Distributed throughput prediction method by UE, time efficiency 

	Option 2:
eNodeB based Throughput prediction-direct Mode
	1-to-1 unicast RAN signalling
Overhead: large
	UE and eNodeB
	eNodeB has to do DPI,high eNodeB work load

	Option 3:
eNodeB based Throughput prediction-indirect mode.
	N/A
	UE,eNodeB and Dash Server
	eNodeB->Server->UE, throughput indication signalling transmission takes a long round trip;
High enodeB work load.



Option 1, cell load information broadcasting to UE can reduce air signalling overhead, with this method, UE can accurately estimate its throughput in a distributed way of working and reduce eNodeB work load, with the predicated throughput, UE can request a more optimal segment size to the DASH server for end user.
Option 2, throughput can also be estimated by eNodeB and notify UE with unicast signalling. But this method will involve a lot of signalling overhead because it leverages one-to-one OTA message. And this method will introduce a high eNodeB work load for DPI and throughput predication for all UEs.
Option 3: Throughput is estimated by eNodeB and tells DASH server, DASH server indicates the throughput prediction via upper layer signalling to UE (DASH client). This method needs to modify interface between eNodeB and DASH server. And throughput indication signalling transmission takes a long round trip from eNodeB ->DASH server ->UE.
Observation 2: UE based throughput prediction with eNodeB assistance is the most optimized solution among them.
Conclusion and Summary
Based on above discussion, we have following observations and proposals.
Observation 1: history information based throughput prediction is inaccurate for DASH (or other adaptive HTTP streaming protocol) based content delivery. RAN-level enhancement for throughput prediction is helpful.
Observation 2: UE based throughput prediction with eNodeB assistance is the most optimized solution for network assisted DASH.
Proposal 1: RAN3 to define UE based throughput prediction with eNodeB assistance for Network assisted DASH.
Text Proposal
DASH client requests video quality based on downlink throughput prediction. With RAN sharing cell load information to DASH client, DASH client can more accurately predict the throughput, and request a more optimal segment size to the DASH server for end user.
The UE based throughput prediction with eNodeB assistance method not only estimates the available throughput, but also predict the future UE assignment bandwidth from the RAN network assist information, i.e. cell loading and average CQI value. The predict throughput, R, can be expressed as:
,
Where W is the system bandwidth which can be acquired from SIB1 in LTE system; the UE spectral efficiency can looks up the CQI table in [x: TS36.213]. 
The load information gets from the eNB potential resource usage of cell time and frequency for this client, and the RAN need broadcast the cell loading information to assist all the served UE to calculate load information. For specific eNB scheduler algorithm, additional adjustment for load information can be calculated to assist DASH client to accurately estimate the throughput.
UE based throughput prediction can work as below:
· The RAN network share its cell level information to UE, such as resource status, QCI level distribution, and bandwidth etc.
· DASH client (UE) predict its future available throughout according to the whole cell information.
· The predicted throughput is proactively signalled to DASH layer.
· DASH client determines the optimal video quality and sends request to the server.


It should be noted that the filter mechanism should be considered to avoid large fluctuation of predicated R.
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