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1. Introduction

This contribution proposes the concept of IP Paging for the System Architecture Evolution (SAE). 

IP Paging has the following important advantages:

1. IP Paging allows provisioning of a generic paging solution that works across heterogeneous access networks. 

2. IP Paging can also be used to provide paging functionality for access technologies that do not provide an explicit layer-2 paging mechanisms, such as 802.11a/b/g. Access technologies, however, require some type of ‘wake-up’ mechanism, which allows a dormant mode mobile terminal to switch back to the normal communication mode when it is paged.

For access networks that already support paging, such as today’s 3GPP RATs, it is important that the access technology specific dormant mode and paging control functions cooperate with the IP Paging system.

The key requirements and a functional architecture have been defined by the IETF in RFC 3154.

2. Definitions
The following definitions are relevant with respect to clarifying IP Paging functionality:

Dormant Mode - The state in which a mobile restricts its ability to receive normal IP traffic by reducing monitoring of radio channels. This allows the mobile to save power and reduces signalling load on the network.

IP Paging – As a consequence of an data packet that is destined for a mobile terminal in dormant mode, IP Paging takes care of  alerting the mobile terminal to switch back to normal communication mode. This type of signalling takes place out-of-band before the actual data packets can be delivered to the mobile. 

Paging Area – A collection of radio access points that are signalled to locate a dormant mode mobile node. A paging area does not necessarily correspond to an IP subnet or a single access technology.
Paging Area Registrations – The necessary signalling from a dormant mode mobile node to the network when the mobile node crosses a paging area boundary to establish the mobile node's presence in the new paging area.

3. Discussion

RFC 3154 identifies three functional entities for IP paging, namely a Tracking Agent (TA), a Paging Agent (PA) and a Dormant Monitoring Agent (DMA). While the TA is responsible for tracking a mobile terminal’s location. the PA is responsible for the actual paging of the mobile when in dormant mode. The DMA handles the user-data that are addressed to a dormant mobile terminal, while it is paged. For further details refer to RFC 3154.
The PA and TA functional entities can either be co-located in a single box (e.g. a Paging Agent node) or distributed across different nodes in a more flexible architecture. In case the mobility management protocol allows for redirection of traffic destined to a mobile through any arbitrary node, the DMA functional entity can also be co-located with the other functions. 

In order to keep the IP paging generic, that is independent of a particular access technology, another functional entity, referred to as Paging Attendant is required. The Paging Attendant will be signalled by the Paging Agent, when inbound data packets for a mobile terminal that is in dormant mode are available. The Paging Attendant is then responsible to alert the mobile terminal to establish a last hop connection. This includes the mapping to access technology specific control of dormant mode and paging related functions as well as the handling of the technology specific paging. Since this is dependent on the actual access technology of the access network, specific Paging Attendant support will be needed for every access technology.

4. Proposal

We propose to add the following content to TR 23.882:
/**************** Addition to section 3.1 Definitions ******************/

Dormant Mode - The state in which a mobile restricts its ability to receive normal IP traffic by reducing monitoring of radio channels. This allows the mobile to save power and reduces signalling load on the network.
IP Paging – As a consequence of an data packet that is destined for a mobile terminal in dormant mode, IP Paging takes care of  alerting the mobile terminal to switch back to normal communication mode. This type of signalling takes place out-of-band before the actual data packets can be delivered to the mobile. 

Paging Area – A collection of radio access points that are signalled to locate a dormant mode mobile node. A paging area does not necessarily correspond to an IP subnet or a single access technology.

Paging Area Registrations – The necessary signalling from a dormant mode mobile node to the network when the mobile node crosses a paging area boundary to establish the mobile node's presence in the new paging area.
/**************** Addition to section 6 Scenarios and Solutions ******************/ 

6.1

Support for IP Paging

IP Paging allows provisioning of a generic paging solution across heterogeneous access networks. Moreover, IP Paging can also be used to provide paging functionality for access technologies that do not provide an explicit layer-2 paging mechanisms, such as 802.11a/b/g. Such access technologies require only some type of ‘wake-up’ mechanism, which allows a dormant mode mobile terminal to switch back to the normal communication mode when it is paged.

For access networks that already support paging as part of the layer-2 technology, such as today’s 3GPP RATs, it is important that the access technology specific dormant mode and paging control functions cooperate with the IP Paging system.

The requirements and a functional architecture have been defined by the IETF in RFC 3154.


6.1.1
IP Paging Architecture

RFC 3154 identifies three functional entities for IP paging, namely a Tracking Agent (TA), a Paging Agent (PA) and a Dormant Monitoring Agent (DMA). While the TA is responsible for tracking a mobile terminal’s location. the PA is responsible for the actual paging of the mobile when in dormant mode. The DMA handles the user-data that are addressed to a dormant mobile terminal, while it is paged. For further details refer to RFC 3154.
The PA and TA functional entities can either be co-located in a single box or distributed across different nodes. In case the mobility management protocol allows for redirection of traffic destined to a mobile through any arbitrary node, the DMA functional entity can also be co-located with the TA and PA functional entities. 

Without loss of generality, the IP Paging Architecture illustrated in Figure 1 combines the above mentioned functional entities on a single box, call the Paging Agent Node. As shown in this figure, the Paging Agent Node will be part of an operator’s network. Note that an operator can also deploy several Paging Agent Nodes for scalability purposes.

In order to keep the IP paging generic, that is independent of a particular access technology, another functional entity, referred to as Paging Attendant is required. The Paging Attendant will be signalled by the Paging Agent, when inbound data packets for a mobile terminal that is in dormant mode are available. The Paging Attendant is then responsible to alert the mobile terminal to establish a last hop connection. This includes the mapping to access technology specific control of dormant mode and paging related functions as well as the handling of the technology specific paging. Since this is dependent on the actual access technology of the access network, specific Paging Attendant support will be needed for every access technology.
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Figure 1.  IP Paging Architecture
6.1.2
Basic Operation
The basic operation of IP Paging is illustrated in Figure 2. A typical usage scenario includes the following steps:

1. Mobile Terminal receives a “Paging Area” advertisement; the terminal checks then whether this is from a new Paging Area. If not, no actions will be taken as the mobile terminal has not changed the Paging Area 

2. If the mobile terminal changed the paging area and was already in paging mode, or if the mobile terminal want to go into dormant mode, it will send a Paging Registration to the Paging Agent Node. 

Note that in case layer-2 paging is available, the mobile terminal would just perform normal paging registration with the access network, which in turn would send the Paging Registration on behalf of the mobile terminal.

3. Upon receipt of a Paging Registration, the Tracking Agent (a functional entity of the Paging Agent Node) will check if the mobile terminal is authorised. If so, it will register the Dormant Mode Agent (another functional entity of the Paging Agent Node) as proxy for the mobile terminal with the mobility management system.
4. If everything was successful, the Paging Agent Node will acknowledge the successful paging registration. The mobile terminal can then switch to dormant mode.
Note that every time the mobile terminal moves into a new paging, it will send a paging registration for the new paging area.
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Figure 2.  Message Flow for IP Paging

5. While the mobile terminal is in dormant mode, the Dormant Mode Agent will buffer all in-bound packets for the mobile terminal. The first packet will trigger the paging process. For this, the Paging Agent sends a paging request to all Paging Attendants of the mobile’s paging area.

Note that when layer-2 paging is used, the Paging Attendant that is responsible for the layer-2 paging of the mobile terminal will continue the layer-2 paging process upon receipt of the IP Paging request.

6. When the paging of the mobile terminal succeeded, the mobile will wake up and switch to normal communication mode. 

7. After switching to normal communication mode, the mobile terminal is ready to receive the buffered data from the Paging Agent Node. Therefore, the mobile terminal un-registers with the Paging Agent. This includes the de-registration with the Paging Attendant. 

8. As soon the Paging Agent receives the de-registration request, it will inform the Dormant Mode Agent to forward the buffered data packets for the mobile node.

9. After the de-registration has been acknowledged, the mobile terminal will also update the mobility management system with its current destination, so that correspondent nodes can reach the mobile terminal directly (without going through the Paging Agent Node). 
10. Subsequent data destined for the mobile terminal will then be submitted directly to the mobile’s current address.
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