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1. Introduction 

This paper is an updated resubmission of S4-120156.

NOTE: business considerations in this paper are used for illustration purposes only.
1.1
Problem statement

DASH, as defined in 26.247 in Rel-10, has been defined as a service mostly under the control of the UE and (to some extent) the content provider. While this provides some flexibility for the UE and the definition of the service, the operator is mostly left out of the equation, and has very little control over the service it can provide to the user, beyond providing the « bitpipe ».

Using the flexibility provided by the MPD file, the UE is able to determine, by itself, which version of a representation to fetch for segments to come, and can adjust its expectations according to its measurements of the bandwidth quality. However, the UE only has a limited view of the whole system, leading to a non-optimal and potentially unfair situation in case of limited bandwidth availability.

On the other hand, the network has certain knowledge of the conditions from over the radio to the boundary of the network. It also has a complete overview over all the users and the services they are currently using. It has the capability to optimise the delivery of services across all UEs. Unfortunately, its capability to affect the UEs' behaviour is limited to throttling the data and/or dropping packets, which, in conjunction with TCP's own behaviour, can lead to a waste of resources – at the opposite of what the operator is trying to achieve.
1.2 Examples of operator control

Let's assume for the following discussion that the operator is able to understand the service a UE is currently consuming (in our case, DASH, and more specifically, the details of the video being watched, such as provided by the MPD).
1.2.1
Resolving radio congestion

Let's consider that a number of UEs is accessing a given cell at a time, a significant part of those (at least in terms of traffic consumed) watching diverse videos using DASH. If the traffic bandwidth requested is higher than the available bandwidth at the radio, the radio node will schedule packets, possibly delaying or dropping packets indiscriminately. This would result in a drop of QoE at the UEs' side, which will try – sooner or later – to correct the situation and fetch lower bitrate versions of the following segments. The following could happen:
· TCP retransmission mechanism may kick in, leading to waste of resources;

· the UE may react too late or too early, under-react or over-react. This would result in poorly and inefficient service.

While it is understood that we can improve the UE's behaviour, it can only work in a reactive mode.

On the other hand, the operator may improve the service by:

· analysing the current pattern for service consumption over the cell;

· decide how much of the cell capacity can be devoted to video service;

· evaluate for each UE the most appropriate bitrate, based on the knowledge of the bitrates available for each DASH session, the knowledge of the traffic condition in the cell, and other criteria such as user subscription;

· inform the UE proactively of the bitrates to use for the forthcoming period.
Such a capability would relieve the cell from congestion due to video consumption.
1.2.2
Service admission control

As a side benefit of the previous case, the same kind of DASH-aware cell management would allow an operator to decrease proactively the maximum bandwidth even before the congestion point is reached (e.g. ensure that a cell with a significant amount of DASH services is maintained at max. 90%).  This would allow the RAN to allow other devices to attach and request services (DASH or others), and not impact other subscribers.
With extended radio considerations, and in order to optimise the power usage in the cell, the operator could decide for example to readjust the radio bandwidth consumption from users at the border of a cell in favour of users close to the centre of the cell, which require less power for the same bandwidth.

1.2.3
Service differentiation
An operator may decide to provide different levels of service to their subscribers, ranging from "low cost" subscriptions to "multimedia premium" subscriptions. While all users would enjoy the highest QoE available to them when the bandwidth is plenty, the operator may want to differentiate the degradation level across the range of subscriptions. As part of the evaluation described in 1.2.1, the operator may choose to degrade the service of "low cost" subscriptions more aggressively than "multimedia premium" subscriptions, ahead of and independently from the UEs' internal algorithms for evaluating the congestion.
1.3 Secondary considerations
1.3.1
Service provider and operator
The considerations above are centred around the operator's capability to affect the services run over its network, hence we are not considering the service provider's capability to affect the service.

The operator could be a separate entity from the service provider, or could be the same legal entity, but running its various operations separately. In this case, the operator would be unlikely to provide its network's internal state externally. More likely, there will be a mix of service providers, providing DASH content towards subscribers of the operator.

A subscriber may have "gold" subscription at the service provider, but watching his videos over a "low cost" mobile network subscription – the service provider's interest and the operator's interest may be in conflict regarding the bandwidth requirements.
1.3.2
Current state of network involvement for DASH
Currently, via the use of an AF interpreting the MPD file, an operator may instruct the PCC architecture about minimum/maximum bandwidth of a dedicated bearer (GBR/MBR) to use for DASH. However, there is no description how to deploy an efficient architecture that can make use of it from a DASH perspective if the operator does not want a 3rd party to control the AF.
An operator may also not want to set up separate PDN connections for DASH videos, especially "short lived" videos. In this case, the service would run over the default bearer, and be mixed together with other services.

Whether it's over the default bearer or a dedicated bearer, the operator has a limited control over what it can do to the traffic: it can only degrade the service by throttling or dropping packets (down to the GBR level for a dedicated bearer), taking the risk that some of the remaining bandwidth is used by TCP retransmission and that the UE would over-react (as the UE has no actual knowledge of the bandwidth available to it, but can only guess and predict by what it receives from the network at a given time). When the default bearer is used, it is likely that packets are delayed or dropped indiscriminately among the different services, leading to poor QoE overall, possibly running even below the minimum bitrate necessary for enjoying a given video.
Also, the network could not take in account the different bitrates proposed by the content provider (for example, if the proposed bitrates are 800Kb, 300Kb, 150Kb, it does not make sense for the network to degrade the bandwidth to 700Kb).
2.  Use Cases
The following is proposed  for inclusion in TR 26.938, section 7.
Change
7.x Use cases for operator control of DASH
7.x.1 Introduction
NOTE:
It is assumed initially that in some cases DASH is treated as coming from an operator directly, and in other cases DASH may be treated as typical HTTP traffic where the operator may have no information that the traffic is DASH.
7.x.2 Description
7.x.2.1
Operator control of DASH

A number of subscribers are watching DASH videos in a crowded area (mall on a Saturday afternoon, train station at peak hour while waiting to go to the Alps for the ski season…), saturating the cell capacity.
The operator identifies the congestion and communicate with the UEs to decrease the bitrate for the video to a certain value that would allow the cell to accommodate the load.

7.x.2.2
Operator control using mobile network subscription

As a variant of case §2.1, some of the subscribers have registered (in their mobile subscription) to a "multimedia premium" monthly option to be able to enjoy high quality video even in such situations. Other subscribers have elected to only use a "low cost" mobile subscription, allowing them to enjoy good quality in normal time, but conceding that in such situations, their video service would be of a lower quality.

The operator is able to differentiate among these users and communicate different levels of degradation to the different UEs.

7.x.2.3
Operator management of DASH service over the radio network

As a variant of cases §2.1 and §2.2, the operator may not want to wait until the cell reaches the congestion level. Instead, it may want to limit the maximum aggregated bandwidth for video in order to leave room for other services, other subscribers, etc.

The operator communicates with the UEs to decrease their DASH service to a lower bitrate (possibly at different levels based on UE subscriptions) even before congestion level is reached.

The operator is able to adjust the preferred bitrate of different UEs based on the power consumption at the base station (e.g. due to their location relative to the radio transmitter).
7.x.3. Working assumptions
· The network is able to evaluate, where possible, the appropriate bitrate to be used by DASH users over a 3GPP radio, based on radio conditions and user subscriptions.
· The network is able to, where possible, communicate with the UE to select the appropriate bitrate or range of bitrates for the DASH service currently consumed.
End of change
4. Proposal

The use cases described in this document increases the network operator's opportunities to improve DASH services offered to the user.

It is proposed to discuss and agree section 2 and 3 of this document, and include them in TR 26.938 in the appropriate sections.
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