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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Mobile operators are seeing significant increases in user data traffic. For some operators, user data traffic has more than doubled annually for several years. Although the data capacity of networks has increased significantly, the observed increase in user traffic continues to outpace the growth in capacity. This is resulting in increased network congestion and in degraded user service experience. Reasons for this growth in traffic include the rapidly increasing use of “smart phones” and the proliferation of data applications that they support, and the use of USB modem dongles for laptops to provide mobile (or at least nomadic) Internet access using 3GPP networks. As the penetration of these terminals increases worldwide, this trend of rapidly increasing data traffic is expected to continue and accelerate.

Presently, network operators invest in additional network capacity (network entities and connectivity resources) as user data traffic increases and causes user plane congestion. This additional investment is becoming increasingly costly due to the rapid and continuing increases in user data traffic. From a CAPEX or OPEX perspective, this approach is not sufficient. It is therefore necessary to study approaches and mechanisms to manage user plane congestion.
1
Scope

This TR considers scenarios and use cases where high usage levels lead to user plane traffic congestion in the RAN, and proposes requirements for handling user plane traffic when RAN congestion occurs. The aim is to make efficient use of available resources to increase the potential number of active users while maintaining the user experience.
Scenarios that will be considered include handling of user plane traffic when RAN congestion occurs based on:

· the subscription of the user;
· the type of application;
· the type of content.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]


[3]


[x]

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

4
Scenarios and Use Cases
4.1
General
4.1.1
Identifying user plane traffic using its attributes
This section considers a number of general aspects to provide context for the use cases in subsequent sections.

The aim is to manage user plane traffic when RAN congestion occurs. Therefore, the problem is to select the appropriate user plane traffic to manage in order to manage the congestion. This selection process needs to be based on attributes of the traffic to make it possible to selectively manage it.
Some approaches to selecting user plane traffic to be controlled will affect an individual subscriber, while some approaches will affect more than one subscriber or more than one application or more than one type of traffic.

One approach to managing user plane congestion is to control all the traffic for a given subscriber without further considering the nature of that subscriber’s traffic. Operators may choose to offer subscriptions with various levels or tiers of service with differing performance levels when congestion occurs, and use the subscription level to manage user plane congestion by giving higher precedence to users with a higher subscription level.

Therefore, a candidate attribute in identifying the traffic to be managed is the identity of the subscriber sending or receiving it.

Another approach to managing user plane congestion is to control the volume of traffic to and from sites supporting certain types of applications. Some applications may involve much more data transfer than others. Some applications may have unique traffic profiles peculiar to their functions. For example, social networking sites may have traffic profiles with higher and lower traffic levels at times of the day different from those for business email or web browsing. Throttling different applications when user plane congestion occurs at different times of day may be an effective approach for mitigating user plane congestion. Some types of application require near real time handling of their traffic (e.g., point of sale terminals) while others may be relatively less time sensitive (e.g., calendar and contact list updates, vending machine reports, email push, etc.) Under user plane congestion conditions, the less time sensitive application traffic should be controlled before the more time sensitive.

Therefore, a second candidate attribute in identifying the traffic to be managed is the type of Application.
Another approach to managing congestion is to control certain types of traffic. Some types of traffic inherently demand more of the network and therefore are more likely to result in user plane congestion. Web browsing and email may entail short periods of heavy demand but are then likely to be followed by relatively long periods of low or no activity from a user plane traffic point of view. Streaming applications (audio, video, multimedia) are likely to place high demands on the user plane and for longer durations than other types of traffic. An application may involve multiple types of traffic and hence this approach may affect some types of traffic for a given application but not others. It may therefore be seen as finer-grained than user plane traffic management controls on an application basis. Controlling this type of traffic, especially when multiple subscribers using this type of user plane traffic are in close proximity to each other, may be an effective approach.

Therefore, a third key candidate attribute in identifying the traffic to be managed is its type,

4.1.2.
User plane congestion due to full use of cell capacity
When UEs 1 and 2 have user plane traffic totalling the cell capacity, UE 3 cannot have any user plane traffic. This is because the traffic volume exceeds the capacity of the cell even though the backhaul has sufficient total capacity (i.e., more than the capacity of a single cell.) This is illustrated in Figure x using example capacities.
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Figure 1 - User plane congestion due to full use of cell capacity (example capacities)
4.2
Use Case 1 Service subscription to allow higher QoS during RAN congestion
4.2.1
Description

RAN design is resource (RF) constrained by design. This can lead to congestion in crowded cells, e.g. peak hour at train stations, peak business hours in business areas. There is a category of subscribers (e.g. business users) who would be willing to pay extra for a service plan that provides prioritized (higher QoS / MBR) access than other subscribers during congestion.

NOTE:
This is very similar to “priority boarding queue” feature provided by airlines to their loyal / higher class of service travelers (first / business class) to avoid waiting and congestion at the boarding gate.

Editor’s note: Need to add a use case for a user with existing connection before RAN congestion begins and handling for user who starts a session when RAN congestion exists (ref. S1-120025): admission control rules based on tier of service.
4.2.2
Pre-conditions

Alice and Bob have different congestion subscription service profiles. 

Alice has an expensive platinum “fair use” plan that allows her “priority” access for mobile broadband Internet access.

Bob has a cheaper “fair use” plan that allows him “best effort” mobile broadband access.
4.2.3
Service flows

Both Alice and Bob are at the airport lounge waiting to board their flights to the SA1 meeting.

Due to peak time, the (E) UTRAN cell serving the airport / gate is over subscribed and congested.

Both Alice and Bob choose to download the SA1 contributions from ftp.3gpp.org.

Since Alice has a platinum priority service subscription, she gets prioritized treatment over Bob who has a “best effort” subscription.
4.2.4
Post-conditions

Alice downloads 60 MB worth of SA1 documents successfully in 8 minutes, boards her flight and happily reviewing the contributions. She is happy that she subscribed for premium service that gives her priority access in congested cells.

Bob is only able to download 5 MB worth of SA1 documents i.e. only 1/8th of the contributions. He is not happy and decides to upgrade his service plan to “platinum” after he comes back from the meeting.
4.2.5
Potential requirements
The system shall be able to detect user plane congestion.
“When making QoS policy decisions, the system shall be able to take into consideration the RAN congestion level and the subscriber's profile.”

The system shall be able to configure such RAN congestion-based policy rules.
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 congestion 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 depending RAN congestion.

4.5
Use Case 4 - Disaster use case

4.5.1
Description

In this use case, a specific communication service is allocated resources preferentially while a cell is congested due to high data traffic volume during a disaster situation.

4.5.2
Pre-conditions

Bob and Alice are Nancy’s parents. Each of their mobile addresses are is known (i.e. telephone number, mail address, etc.)
Nancy lives away from her parents to go to her attend university.

A disaster occurs around the area where Nancy lives.

The people who are living in the disaster area try to inform their relatives about their safety. There are also some people in the disaster area who are able to take videos of the disaster situation and are uploading these videos on their blogs. However, due to these actions, there is considerable increase in data traffic causing the network to become severely congested which prevents Nancy and many other people in the disaster area from contacting their relatives to inform them about their safety.

4.5.3
Service Flows

When the network becomes congested, it reduces the bandwidth of users uploading video files to their blogs and reserves the resources for disaster message board messaging to allow users to reach their relatives without difficulty.

Therefore, when Nancy tries to inform her parents about her safety via the disaster message board service, she can be guaranteed sufficient resources to send the message.

4.5.4
Post-conditions

Bob and Alice can confirm Nancy’s safety via the disaster message board.

4.5.5
Potential requirements

The following requirements are identified for this use case:

-
The system shall be able to be informed about a RAN congestion situation.

-
If the RAN is congested, the system shall be able to identify specific high-priority communications (e.g. related to a disaster message board service) and (re-)allocate resources to such communications.

-
During RAN congestion, the operator shall be able to select the communications which require preferential treatment and allocate sufficient resources for such communications in order to provide these services with appropriate service quality.

Editor’s note: It is FFS whether there may be a need to terminate other communications in order to support the high priority communications.

4.6
Use case 5 - Use of Application type to allow higher QoS during RAN congestion

4.6.1
Description

The RAN is resource (RF) constrained by design. This leads to frequent congestion in crowded cells, e.g. at peak hours at train stations, at peak business hours in business areas. The majority of mobile broadband traffic utilizes primary PDP context (for GPRS) or default bearer (EPC) using background service class used for “internet APN.” Subscribers use applications like social networking, OTT (Over The Top) video, blogging, internet games, FTP, software patches and updates, etc.

4.6.2
Pre-conditions

Alice and Bob are in the same congested cell/sector.
Alice is using her smart phone to check her social networking application status, browse friend photos and to subsequently perform a social network check-in application at the local coffee shop.

Bob is using mobile broadband USB stick his laptop. His laptop starts an automatic download of a new version of a large software application or an upgrade patch of, e.g. 120 MB.
4.6.3
Service Flows

Both Alice and Bob are accessing mobile broadband communications using different applications. Alice is using her smart phone to access a social networking application while Bob’s laptop is automatically downloading a large software update.

Due to peak time the (E)UTRAN cell serving their location is over subscribed and congested.

Since Alice is using an interactive social networking application her data packets are prioritized over Bob’s large software application patch update.

4.6.4
Post-conditions

 Both Alice and Bob get appropriate quality of experience and are satisfied with their mobile broadband service.

4.6.5
Potential requirements
The system shall be able to detect user plane congested cells.

The system shall be able to identify, differentiate and prioritize different applications like social networking, OTT video, blogging, internet games, FTP, software patches and updates etc.

4.7
Use case 6 - Content delivery scheduling based on RAN congestion status 

4.7.1
Description

Certain mobile services are not time sensitive, such as ACME service and some push service. These services may happen at a designated time or periodically. It is possible that at the time when these services plan to take place, the RAN is congested. The system wishes to control when to deliver such services to the UE to avoid RAN congestion. When RAN congestion due to user plane traffic occurs, the operator may want to delay some of these services to users in congested cells until they move to uncongested cells or the cells become uncongested. Moreover, some of these services (such as a push service) may have a period of validity. For example, some coupons delivered by a push service are only valid during a designated period.
4.7.2
Pre-conditions

Mike has subscribed to a push advertisement service. This service provides some coupons in the format of an image or a video clip at noon each day. These coupons have a defined period of validity. For example, they are valid during 6:00 PM to 8:00 PM the same day. These coupons can be different each day.

Alice and Bob have subscribed to operator X’s PUSH service which pushes the top 5 popular video clips to the subscribers every day.

Cindy has subscribed to operator X’s PUSH service which pushes news report to the subscriber every morning.

4.7.3
Service flow

Mike has subscribed a push advertisement service from a restaurant. This service can provide some coupons in the format of image or video clip each day, and these coupons are valid during 6:00 to 8:00 PM the same day. The network usually pushes this advertisement to him at the noon. However, this noon, the RAN which Mike is connected to is congested, thus the push service is delayed. 

When the RAN congestion abates, if the period of validity has not expired, the service will push the coupons taking into consideration that Mike should receive them before the period of validity expires. If the period of validity has expired when the RAN become uncongested, the push service can be considered to be cancelled. In this case, it should be noted that the cancellation only happens this day. This, in this service, some measures can be taken to efficiently manage the delivery of delay tolerant services which have a period of validity when the RAN is congested. 

Alice powers on her mobile phone in the morning in her apartment. The network detects that Alice is in an uncongested cell. The PUSH server pushes today’s popular video clips to Alice. 

Bob powers on his mobile phone in the morning when he arrives at a subway station. The network detects that Bob is in a congested cell. The PUSH server delays the delivery of Bob’s push service. After Bob arrives at his office, the network detects that Bob is in an uncongested cell and the PUSH server pushes today’s popular video clips to Bob.

When the network is going to send a news report to Cindy in the morning, it detects that Cindy is in a congested cell. The PUSH server delays the delivery of Cindy’s push service until the user plane congestion in the RAN clears.

4.7.4
Post-conditions

Mike can receive the push service before the period of validity expires even if RAN congestion occurs. Alternatively the push service to Mike will be cancelled to avoid wasting the traffic if the period of validity expires. Mike does not receive expired coupons.
The video clips are pushed to Alice and Bob when they are in uncongested cells. 

The news report is pushed to Cindy when the user plane congestion in the RAN to which Cindy’s UE is connected clears.

RAN congestion is abated by a certain degree.

4.7.5
Potential requirements

The system shall be able to provide mechanisms to detect the RAN congestion onset and abatement.

The system shall be able to identify whether an active UE is in a user plane congested cell or not.

The system shall provide a mechanism whereby an application can be made aware of RAN congestion status.

Note: The application’s response to indications of RAN congestion is out of scope of 3GPP.

Editor’s note: The following requirement is FFS.

The system shall be able to provide a mechanism to schedule non-real time services based on the RAN congestion status.

4.8
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.

4.8.5.4
RAT type-based compression

At 2300, Alice is at home and accesses an image on a social networking website using her mobile phone connected to a 2G network. The network sends her mobile phone a high-quality compressed image from the network.

Alice’s mobile phone hands over from a 2G network to a 3G network.

Alice accesses an image on a social networking website on the 3G network. The network sends her mobile phone the original image.

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;

-
When the RAN user plane congestion occurs, 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.
5
Considerations

5.1
Considerations on charging

Text to be provided.

5.2
Considerations on security

Text to be provided.

5.3
Considerations on addressing

Text to be provided.

5.4
Considerations on ... 
Add sections for additional considerations as needed.
6
Potential Requirements

6.1
General Requirements
User plane congestion may last for a few seconds, a few minutes, or a few hours due to the radio environment changing, the mobile user moving and other reasons. A short-time burst of user plane traffic should not be identified as RAN congestion. 

Requirement:

The solutions should be resilient to rapid changes in the level of congestion and the responses to it.
6.2
Consolidated requirements
Text to be provided.
7
Conclusion and recommendations

Text to be provided.
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