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Introduction

Throughout the discussions on Push, the concept of the Long-Lived (Always-On) PDP Context is regularly referenced. In the Push TR 23.976 the definition of the Long-Lived PDP Context simply states it is a PDP Context, 

“that remains active/open for an indefinite period of time”.

The assumption used when discussing Long-Lived PDP Context is that the application will maintain a PDP Context for the length of time it requires a connection to be open. If a mobile (or rather an application on the mobile) needs a PDP Context to be open all the time, the PDP Context used in this manner is referred to as a Long-Lived PDP Context or Always-On PDP Context.

Given the current definition of a PDP Context there are several problems with using a PDP Context as a Long-Lived PDP Context that need to be solved to offer reliable Push Services. Briefly the problems are;

1) the maintenance of a PDP Context as a Long-Lived PDP Context is solely dependent on the application.  Most networks set a maximum time for a PDP Context to be open and idle, after which the PDP Context is dropped. Therefore the application must simulate network traffic by periodically sending a short message over the PDP Context to ensure the idle timer in the network is reset and the PDP Context remains open.

2) the network has no understanding of the intensions for the use of the PDP Context i.e. is it a short-lived (normal) PDP Context or a Long-Lived PDP Context. Therefore the network cannot know how to manage the PDP Context such that the network resources are used efficiently and the user service is not adversely affected. For example, a normal PDP Context could be closed after an idle period whereas a Long-Lived PDP Context should not be closed until requested by the application.

3) when a PDP Context is dropped there is no indication sent to the application server from the network infrastructure (GGSN). The application server learns of the dropped PDP Context by failing to receive a response from its peer. There is no communication between the network infrastructure and the application regarding the state of the PDP Context.

In order for Push applications to operate correctly when using a Long-Lived PDP Context the behaviour of the network regarding its management of a PDP Context and its ability to communicate the state of the PDP Context to the application, must defined. Otherwise application developers will take varying approaches to ensure a PDP Context is available for Push data and the result will be poor use of network resources and incurring higher costs for users and network operators to support always-on applications.

Problem Description

The current definition of PDP Context when used to support a Long-Lived PDP Context model puts a burden on the mobile or application server to continuously poll the PDP Context (or the peer application at the destination end of the PDP Context) to ensure the PDP Context is open. The rate at which this polling occurs is undefined and could be frequent (every few seconds) or infrequent every few hours. The format and length of these polling messages, sometimes called “keep alive messages” is also undefined. Normally the message would be short in length and would expect a quick response, otherwise more keep alive messages would be sent until the state of the PDP Context is determined (open or not open). In cases where frequent polling messages are sent this could put a high load on the radio and PLMN resources, especially if many mobiles are doing the same thing.

Currently the network manages PDP Contexts in a rudimentary way by either applying no management policy, or by dropping the PDP Context after some period of time where no traffic has been sent. Both methods are ad hoc and will lead to inconsistent service for push data. If the network had some indication of the intended use of the requested PDP Context it could manage the PDP Context in a consistent way. If the network knew that a PDP Context was intended to be Long-Lived it could disallow the use of an inactivity timer associated with that PDP Context. Or if the network understood that the PDP Context was intended for short-term use it could set the idle timer to some reasonable value and terminate idle PDP Context more quickly with no impact on user service. 

From a network infrastructure and planning perspective it is important for an operator to understand the number of PDP Contexts that will be used as Long-Lived PDP Contexts. If the total number of simultaneously active  PDP Contexts supported by a network were consumed by mobiles wanting Long-Lived PDP Contexts, then an additional mobile requiring a PDP Context would be refused service. Conversely, if only a small percentage (or none at all) of mobiles required a Long-Lived PDP Context, the operator could configure the network to support a relatively small total number of simultaneously active PDP Contexts. Since mobiles would not hold a PDP Context open for very long, the small number of PDP Context available could be shared among a large number of mobiles. 

Another problem with the current model is the lack of any information presented to the application server (network side) when the mobile looses radio contact with the network. If the application server has data to send to the mobile, and expects a Long-Lived PDP Context to be open, upon a failed transmission it will retry until a retry counter is exhausted. It may then continue to try to contact the mobile, possibly using SMS messages or the last known IP address for the mobile. In these cases the efforts by the application server are fruitless as the mobile is not reachable. Yet without some indication from the network regarding the non-reachability of the mobile, the application server continues to attempt to deliver the data consuming valuable network resources. If static IP addressing were in use the application server would try to re-initiate the Long-Lived PDP Context using NRPCA procedures as defined in 23.060 section 9.2.2.2.   

From the above discussion it is clear that a more rigorous definition of a Long-Lived PDP Context is required. If the roles and responsibilities for mobiles, applications servers, and network infrastructure supporting/using Long-Lived PDP Contexts are well understood, then a co-ordination of behaviours across these components will ensure good use of the existing network resources.
Proposed Solution

To resolve the first two issues listed in the introduction, that of removing the need for the application to manage a PDP Context and to allow the network to correctly manage a PDP Context based on its intended purpose, it is proposed to identify a PDP Context as a Long-Lived PDP Context. This is not unusual in 3G Release 6 specifications as there are already PDP Contexts identified for other purposes, namely Signalling PDP Contexts and Emergency PDP Contexts. By identifying a PDP Contexts as a specific type, the network will know to treat the PDP Context in a different way from a normal PDP Context. Also by marking a PDP Context as Long-Lived the network can decide whether it can support such a request and either grant or deny the request. If denied, the PDP Context requestor  (either mobile or network) can then take some alternate action such as change its behaviour to use a normal PDP Context, or seek an alternate service, or tell the user it cannot support the request.

Additionally the operator may now identify the Long-Lived PDP Context separately from other normal user data carrying PDP Contexts. This gives the operator more knowledge about how applications are using its resources and how it can configure and manage its network in the short and long terms to provide good quality services. 

To resolve the third issue of indicating to an application server when a PDP Context is dropped, this can be a feature added to the existing definition of PDP Context or can be applied to only the Long-Lived PDP Context type. In either case the application server will have more information about the connection to the mobile and can incorporate behaviours that do not waste network resources.

Roles and Responsibilities for using a Long-Lived PDP Context

This proposal suggests applications (mobile side or network side) must indicate their need for a Long-Lived PDP Context to the network. The selection of a Long-Lived or normal PDP Context is application dependant. The basis for choosing a Long-Lived PDP Context over a normal PDP Context is left undefined in the specifications, but may be roughly determined by a rule where the application anticipates the user will need the PDP Context for an indeterminate period of time compared to an application where the need for a PDP Context is a fixed period of time. Examples may be opening a PDP Context to support a file transfer using FTP. This would be a candidate for a normal PDP Context since once the file is transferred the FTP application will be terminated and the PDP Context can then be terminated. Another example might be a PDP Context opened to a real-time stock quote server that supports an application showing a ticker tape continuously scrolling on the mobile screen. In this case a Long-Lived PDP Context would be requested as it is assumed the user wants the ticker tape to scroll continuously. 

When the network is presented with a request for a Long-Lived PDP Context it should support this type of PDP Context by ensuring that while the mobile is in radio contact with the network the PDP Context remains active. If the network looses radio contact with the mobile the network will attempt to reconnect to the mobile at regular intervals
 using standardized methods, up to some time limit. Once that time limit is reached the network will terminate the PDP Context and indicate to the application server that the mobile is not reachable. 

Likewise if the mobile detects it has lost radio contact with the network while a Long-Lived PDP Context was in use, it will use normal standardised methods to re-gain radio contact. After sometime when the mobile remains out of contact with the network, the mobile (MT) will provide an indication to the application that the network is not reachable.

Distinguishing between a normal and Long-Lived PDP Contexts gives the operator an opportunity to apply differing charging schemes for the two types of PDP Contexts. This topic is outside the scope of this work but is mentioned because the proposed L-L PDP Contexts can be seen as a value added service offered by the operator and charged to the user appropriately.

Conclusion

A PDP Context that is defined to be Long-Lived and is supported by the network as such, allows the application at the mobile side and network side to be relieved of the burden to maintain the PDP Context. The application developer can write an application under the assumption that if the PDP Context is active then the mobile is likely reachable. 

When the network is provided with the knowledge of the intended purpose for the PDP Context it can allocate resources appropriately and manage the PDP Context in accordance to its use. The operator may also charge for this value added feature.

Apart from the distinction between a normal and L-L PDP Context, when the network or mobile terminates a PDP Context it is useful for the application to be informed of the loss of connectivity. This feature should be added to any new definition for a L-L PDP Context and may be considered as an enhancement to a normal PDP Context.

Essentially a Long-Lived PDP Context requires network support that is not part of the current definition for a PDP Context. The features in this proposal can be applied to redefine a normal PDP Context or can be used to define the behaviour of a new PDP Context type used to support Always-On services.

Text to be added to TR 23.976

It is suggested to add the following section 5.1.1 to the Push TR to further define how a network shall support a Long-Lived PDP Context.  New text to be added is shown in red.

From 23.976 …

5.1 
Push Bearers in the PS Domain

This section describes the use of various mechanisms in the PS Domain to establish and/or maintain a bearer service connection to the UE over which Push services may be delivered.

Editors Note: the following bullets provide guidance for further work
5.1.1
Push using Long-Lived PDP Context

A Long-Lived PDP Context is designed to support applications that require a constant connection (always-on) between UE and an application server. For certain services using Push Services it is not known when a new piece of data will be generated for the UE. In such cases a Long-Lived PDP Context may be the best method of ensuring timely delivery of data. The Long-Lived PDP Context is distinguished from a normal PDP Context by a flag that indicates the PDP Context type. A Long-Lived PDP Context will be supported by the network and mobile software and will offer a PDP Context that remains active until it is terminated by the application or until the UE looses radio contact with the network. Where a normal PDP Context is managed by the application the Long-Lived PDP Context will be foremost maintained by the network and only until it becomes impossible for the network to maintain connectivity to the UE will the Long-Lived PDP Context be terminated. Therefore applications using the Long-Lived PDP Context can be assured that while the PDP Context is active the connectivity between the UE and application server is maintained.

The network shall provide a mechanism for an application server (Push Function) and/or UE to request a Long-Lived PDP Context be established. The Long-Lived PDP Context shall be maintained by the network until the Push Function or UE revokes the request or the UE becomes unreachable. A network supporting the Long-Lived PDP Context shall ensure it does not disconnect the PDP Context (GGSN or SGSN PDP Context Deactivation) while the UE is in radio contact with the network, except in cases where it is not practical such as network maintenance. Upon a network loosing radio contact with the UE the network may deactivate the PDP Context after a number of attempts to reach the mobile have failed. If the network deactivates the PDP Context it will indicate to the application server that the mobile is not reachable.

Upon the UE loosing radio contact with the network the UE will attempt to re-gain contact with the network using standardized procedures. If after repeated attempts to connect have failed the UE may deactivate the PDP Context and indicates to the UE application that the network is not reachable.

A Long-Lived PDP Context shall have the following properties;

· The network shall attempt to maintain the PDP Context for the entire time the UE is in radio contact with the network.

· The network may deactivate the PDP Context if it has lost radio contact with the UE, and only after a number of retry attempts have failed.

· The network may deactivate the PDP Context for reasons related to network maintenance.

· The network shall report to the application server when the PDP Context is deactivated and shall indicate the mobile is not reachable.

· A UE shall attempt to maintain the Long-Lived PDP Context for the entire time it is in radio contact with the network.

· A UE that looses radio contact with a network while a Long-Lived PDP Context is active shall attempt to re-gain radio contact and maintain the Long-Lived PDP Context. 

· After a number of attempts by the UE to re-gain radio contact with the network have failed, the UE shall deactivate the PDP Context and indicate to the UE application the network is not reachable.
Editors Note: the following bullets provide guidance for further work

· Push with Static IP Address Assignment

· This section describes the use of 3GPP TS 23.060 section 9.2.2.2 Network-Requested PDP Context Activation procedure to establish and carry Push services to a UE.


· Push with Dynamic IP Address Assignment

· This section describes a mechanism to establish a PDP Context that can be used to carry Push services to a UE when the PS Domain implements Dynamic IP address assignment.

· Push using SMS in PS Domain

· The section describes how Push services can be delivered to a UE using the services defined for Short Message Service in the PS Domain.







� The internals and time limit are outside the scope and are implementation specific.
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