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1. Introduction

In previous discussion some use cases and requirements are limited to the case that the high RAN congestion already occurs. However, such limitation would bring risks that reactive measures are taken too late and some active user’s experience has already been degraded. In addition such limitation would also result in negative impact on users, who initiate new services but cannot get feedback from the network timely.
In this case, it is also helpful for the network to consider these use cases and requirements, even when the network is not highly loaded. For instance, when the network has already reached over 60% load (instead of 90%), the network can start to consider taking some measures to optimize resource allocation. After that the network capacity might be enhanced to support more users than before, and thus to avoid high congestion to occur.
On the other hand, when RAN load becomes lighter the network might take measures to provide better QoE for users. Therefore it also requires the light load information. The existing use cases with “RAN congestion status” description leads to the confusion that the network only needs the load information when RAN is congested. This paper proposes to change it to “RAN load status”.

2. Proposal
This contribution proposes that network shall be able to control load based on RAN congestion status level in the following use case.
4.3
Use Case 2 User level traffic control

4.3.1
Description

Operators may provide some flat rate data plans to attract more users or encourage the users to use more network services, especially at the early phase of a new network. Normally these flat rate plans are well designed to ensure both users’ acceptance and operators’ revenue. However, there are always a few heavy users as determined by operator policy, e.g. over a billing cycle or based on usage measurements, who consume much more network resources than the others. One method to control this is setting a volume threshold and reducing the data rate if the amount of data exceeds the threshold. However, this will unavoidably reduce these users’ experience even there are plentiful network resources. A compromise to improve the above situation is to reduce the data rate of heavy users only when RAN user plane congestion occurs.

Operators may also apply user level traffic control to roaming users according to roaming agreement or to guarantee local users’ experience. In this case, to optimize the roaming users’ experience, this user level traffic control, e.g. bandwidth control, is only applied when the roaming users are in congested cells.
4.3.2
Pre-conditions

Alice is a subscriber of operator A. Alice is a heavy user whose total used volume of this month has exceeded, e.g. 2G bytes. By Alice’s contract with operator A, operator A can reduce Alice’s maximum data rate to, e.g. 512 kbps (applicable to both uplink and downlink) when the RAN is congested.

Operator A and operator B have signed a roaming agreement. According to the roaming agreement, operator A is allowed to downgrade the maximum data rate for a UE roaming into its network to, e.g. 512 kbps, when the RAN is congested.

Bob is a subscriber of operator B. Bob is now roaming to operator A’s network.

4.3.3
Service flows

Cell X of operator A’s network is lightly loaded at 8 AM. The current data rate for each user ranges from, e.g. 1 Mbps to 10 Mbps. All the users enjoy good user experience at this time.

At 9 AM, cell X becomes user plane congested as there are more active users and some of the users are using downloading services. Now there are some local users, including Tom and John, whose data rate is lower than, e.g. 128kbps. The user experience under cell X now becomes poor. 

The system detects this user plane congestion of cell X and that there are, e.g. 5 heavy users and 10 roaming users, among all active users under cell X. The system downgrades each heavy user’s data rate to 512kbps. The system also downgrades each roaming user’s maximum data rate to 512 kbps. As a result, the data rate of other local users, including Tom and John, improves to a certain degree, e.g. to more than 512 kbps.

Alice is one of the 5 heavy users in cell X. Bob is one of the roaming users in cell X. When Alice and Bob move to cell Y which is not user plane congested, the system detects this and deactivates their data rate limitation. Alice’s data rate goes up to, e.g. 5 Mbps, and Bob’s data rate goes up to, e.g. 10 Mbps. 

At 11 AM, the system detects that cell X becomes lightly loaded. The system deactivates the data rate limitation of all the heavy users and the roaming users in cell X. The data rate of the heavy users and roaming users under cell X goes up to normal state. 

4.3.4
Post-conditions

.The efficiency of cell X is improved in the period between 9 AM and 11 AM. The overall user experience in cell X during this period is also improved.
4.3.5
Potential requirements
The system shall be able to detect user plane congested cells.

The system shall be able to identify active UEs accessing the system via the congested RAN.

According to the operator’s policies, the system shall be able to select specific users (e.g. heavy users, roaming users, etc.) and adjust the QoS of existing connections or the application of relevant policies for new connections depending on the RAN load status.

4.4
Use Case 3 Application data rate control

4.4.1
Description

The resources required to provide good user experience vary from application to application. For example, IM applications usually require frequent signalling but little user plane traffic, while P2P applications are extremely aggressive in user plane bandwidth occupation and may largely downgrade the user experience of other applications. 

When the RAN is congested due to user plane traffic, operators may want to limit the data rate of some applications such as P2P applications and thereby release some resources for other applications or for more users. In this case, application level traffic control is needed.

4.4.2
Pre-conditions

P2P downloading applications and streaming applications are defined by the operator as aggressive bandwidth consuming applications and, e.g. 300kbps, is the minimum data rate to guarantee the user experience of streaming applications. 

4.4.3
Service Flows

When cell X is congested due to user plane traffic at, e.g. in the period 9 PM to 11 PM, the user experience in cell X is poor. The system detects cell X’s user plane congestion and enforces the following application level traffic control to optimize the RAN user plane resource usage:

-
the data rate of the identified P2P downloading applications is limited to, e.g. 128kbps per UE in cell X; 

-
the data rate of each identified streaming application is limited to, e.g. 300kbps per UE, in cell X.

After an hour, the system detects that cell X becomes light loaded again at e.g. 11 pm. The above application level control is deactivated for cell X. Then the P2P applications and the steaming applications’ maximum data rate goes up to the users’ subscribed maximum data rate.

4.4.4
Post-conditions

The efficiency of cell X is improved during the period 9 PM and 11 PM. The overall user experience in cell X during this period is also improved.

4.4.5
Potential requirements

According to the operator’s policies, the system shall be able to select specific applications and control the data rate of the identified applications based on RAN load status.

Use Case 7 - Traffic compression

4.8.1
Description

With the rapid growth in the number of smart phones, the data traffic generated by users accessing the Internet to support the applications on their smart phones is increasing dramatically. Operators are facing major challenges in maintaining their networks’ performance. In addition, overload from date services traffic creates risks to the ability of operators to maintain voice service quality. Therefore, in order to reduce the pressure on networks and relieve the problems of traffic congestion, operators may expect their networks to provide the capability to compress traffic/transcode traffic into a format that requires less bandwidth before sending it to UEs. 

Web pages may consist of multiple types of content such as text, images, audio and video. Data traffic compression means content compression, such as text compression, image transcoding, etc.

Operators may expect the network to provide traffic compression using common compression/ transcoding mechanisms. Operators may also expect the network to configure flexible traffic compression based on the following attributes:

-
User (category such as gold, silver, bronze; identifier)

-
Application 

-
Mobile phone parameters (e.g. screen size)

-
Time (e.g. time of day)

-
Location (e.g. stadium, shopping centre, etc.)

-
Access network type

4.8.2
Pre-conditions

The RAN user plane is not congested. Pre-conditions for Alice are:

-
Alice is a gold subscriber;

-
Alice has a big screen mobile phone;

-
Alice’s mobile phone has an active data session with the mobile network; and

-
Alice receives content without network compression.

Pre-conditions for Bob are:

-
Bob is a silver subscriber;

-
Bob has a big screen mobile phone;

-
Bob’s mobile phone has an active data session with the mobile network; and

-
Bob receives content without network compression.

Pre-conditions for Cindy are:

-
Cindy is a silver subscriber;

-
Cindy has a small screen mobile phone;

-
Cindy’s mobile phone has an active data session with the mobile network; and

-
Cindy receives content without network compression.

4.8.3
Service Flows

The RAN becomes congested in the user plane.

The network identifies data traffic and enables the traffic compression capability.

Alice’s mobile phone starts to access an image from a social networking website. Her mobile phone receives a high-quality image from the network.

Bob’s mobile phone accesses the same image. Based on Bob’s silver subscription the network transcodes the image into a format with fewer colours. His mobile phone receives a medium-quality image.

Cindy’s mobile phone accesses the same image. As Cindy also has a silver subscription and additionally a small screen mobile phone, the network transcodes the image for her into a low resolution format. Her mobile phone receives a low-quality image.

4.8.4
Post-conditions

The RAN user plane congestion abates. Traffic compression is discontinued.

Alice, Bob and Cindy receive uncompressed data.

4.8.5
Other Service Flows

4.8.5.1
Time-based compression

At 1400, the network enables traffic compression capability automatically.

Alice accesses an image on a social networking website using her mobile phone. The network sends her mobile phone a high-quality compressed image.

4.8.5.2
Location-based compression

At 1800, Bob goes to the Olympic stadium to watch a football game. Traffic compression is enabled by default in the stadium area.

Bob accesses an image from a social networking website using his mobile phone. The network sends his mobile phone a medium-quality compressed image.

4.8.5.3
Application-based compression

Cindy stays at home to watch an on-line movie on a “TOP 20” web site. When Cindy’s mobile phone accesses the video, the network sends her mobile phone a medium-quality compressed video.

4.8.6
Potential Requirements

The requirements derived from this use case are:

-
The network shall be made aware of the RAN user plane congestion state;

-
Based on the RAN load status, per operator policies the system shall be able to subject traffic to compression (e.g. compressing HTTP 1.1 web content into gzip format, transcoding a 16 bit TIFF image into an 8 bit TIFF image), taking into account the UE’s capabilities in order to optimize traffic delivery to relieve RAN user plane congestion for users affected by RAN user plane congestion.
