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Abstract of the contribution: This paper discusses the scenarios and issues related to triggering offline MTC devices. The scenarios and issues include: (1) whether ‘offline’ means both CS and PS offline, (2) what are the scenarios related to ‘offline mobility' and (c) whether ‘triggering offline MTC device with low mobility’ has a high priority per SA guidelines.
1 Introduction
Triggering offline MTC devices to establish communication with MTC server is a requirement specified by SA1 in TS22.368. Device triggering (excluding location specific triggering) has been identified as a HIGH priority requirement by the SA1 and confirmed by the SA plenary.

The SA2 has not yet completely understood what “offline device” means and what the detailed scenarios for “offline triggering” are. The scenarios and related issues have not been addressed by the SA2 yet. 

This paper draws attention to the scenarios and issues related to the ‘offline mobility’ and ‘offline triggering’ requirements. It is proposed that SA2 discuss these issues and liaise with SA1 to seek clarifications on ‘offline domain’ and ‘offline mobility’ aspects. It is also proposed that SA2 takes note of the consequence of ‘offline mobility’ to the ‘Key Issue - MTC Device Trigger’. 
2 Discussion
2.1 Current descriptions from SA1/SA2

SA1 specification TS 22.368 addresses the requirement as below: 
	7.1.2
MTC device triggering

The requirements related to MTC Device triggering include the following:

-
The network shall be able to trigger MTC Devices to initiate communication with the MTC Server based on a trigger indication from the MTC Server.

-
A MTC Device shall be able to receive trigger indications from the network and shall establish communication with the MTC Server when receiving the trigger indication. Possible options may include:

-
Receiving trigger indication when the MTC Device is offline.
-
Receiving trigger indication when the MTC Device is online, but has no data connection established.

-
Receiving trigger indication when the MTC Device is online and has a data connection established.

NOTE:
Online means the MTC Device is attached to the network for MT signalling or user plane data. When the MTC Device is offline (i.e. detached) the MTC Device can listen to trigger indications on e.g. a broadcast or paging channel.


In SA2 TR23.888, device triggering is described in section 5.8 which includes the “offline” triggering aspects, as below:
	5.8
Key Issue - MTC Device Trigger

5.8.1
Use case description

For many M2M applications there may be an interest to have poll model for communications between MTC devices and the MTC Server. This may be because the MTC User wants to be in control of communication from MTC Devices, and does not allow MTC Devices to randomly access the MTC Server. Also for applications where normally the MTC Devices initiate communications, there may occasionally be a need for the MTC Server to poll data from MTC devices.

For MTC Devices that are not continuously attached to the network or that have no always-on PDP/PDN connection it is beneficial to trigger MTC Devices to attach and/or establish a PDP/PDN connection based on a trigger indication from the MTC server. It is important that it can be guaranteed to the MTC User that MTC Devices can only be triggered to attach and/or establish a PDP/PDN connection by authorized MTC Servers.
5.8.2
Required Functionality

The following functionality is required to trigger MTC Devices:

-
The PLMN shall be able to trigger MTC Devices to initiate communication with the MTC Server based on a trigger indication from the MTC server.

-
The network shall provide a mechanism such that the MTC Device can only receive trigger indications from authorized MTC Servers.

-
Upon receiving a trigger indication from a source that is not an authorised MTC Server, the network shall be able to provide the details of the source (e.g. address) to the MTC User. 

-
The network shall provide a mechanism to the MTC User to provide a set of authorized MTC Server(s).
-
A MTC Device shall be able to receive trigger indications from the network and establish communication with the MTC server when receiving the trigger indication. Possible options are:

-
Receiving trigger indication in detached state and establish communication.
-
Receiving trigger indication in attached state and the MTC device has no PDP/PDN connection.

-
Receiving trigger indication in attached state and the MTC device has a PDP/PDN connection.

NOTE 1:
There are currently available solutions to trigger MTC Devices (e.g. unanswered CS call attempts, sending an SMS). However, these have disadvantage when used at a large scale (e.g. they are based on MSISDNs), and work only for attached MTC Devices. This key issue will investigate possible improvements over the currently available means for triggering.

-
A HPLMN supporting the MTC device trigger feature shall provide an interface for reception of a trigger indication into the PLMN in order to be delivered by the network to the addressed MTC device. This interface:

-
shall be globally consistent (i.e. the same) across PLMNs supporting the MTC device trigger feature.
-
shall not require the MTC server to have prior knowledge of the current reachability state (i.e. attachment and PDP context/PDN connection states) of the targeted MTC device.
NOTE 2:
This interface does not preclude an MTC server from interrogating/monitoring the network for the current reachability state of a MTC device.

NOTE 3:
This interface does not preclude an MTC server from submitting an SMS directly to an SMS-SC to attempt to trigger a MTC device.

5.8.3
Evaluation


Both, the SA1 specification and the SA2 TR do not clearly mention whether this “offline” covers both the CS domain and the PS domain. From SA2 TR, “offline” can be (mis)understood to mean “PS/EPS detach” status, and there are sufficient descriptions with regards to PS/EPS aspects, for example in s5.8 quoted above.
Regarding the ‘mobility during offline’ aspects; companies have questioned what the scenarios for ’offline mobility’ are, and whether such ’offline mobility’ needs to be addressed at this stage of the SA2 work.
2.1 Scenarios
The following scenarios address ‘terminal capability’ and ‘terminal mobility’ aspects for MTC devices.
1) Scenario 1: Terminal is both CS and PS capable. The terminal usually attaches to the CS domain only.
For example, a mobile phone with location based service application communicates to the AS via IP. This terminal attaches to the CS domain and waits a service trigger message from the AS via SMS/WAP. When the terminal moves into certain location area, the AS sends a trigger message via SMS/WAP to the terminal to make the terminal establish PDP/PDN connection and start the application for downloading certain service content. For power conservation reasons, these terminals monitor the CS domain only periodically for the trigger message.
2) Scenario 2: Terminal has PS only capability, and is deployed in a fixed and known area. Usually the terminal is detached from network but can be triggered by the MTC Server to report service data.
For example, gas metering devices and flood monitoring devices are designed as PS only terminals. Such terminals are deployed in fixed/known areas, and might use battery as power supply. Such terminals are usually detached from the network but (periodically) listen to certain radio channel(s) to wait for trigger message.
3) Scenario 3: Terminal is PS only terminal, and is detached from the network. But the terminal has mobility behaviour.
It is not clear whether ’offline trigger’ capability for such ‘mobile’ terminals is needed. Associated service scenarios and use cases have not so far been identified. If such terminals with ’offline mobility’ behaviours are required to be triggered, why such terminals do not maintain an always-on connection to make the trigger easier?
As regards scenario 1, the MTC device can easily be triggered by SMS, and there is no impact to the current mechanisms.
As regards scenarios 2 & 3, SMS mechanism can not be utilized for device triggering. The mechanisms proposed so far for handling ‘mobility of detached MTC devices’ such as: attaching to the network periodically to report location information, performing location updates on detection of change of location area, monitoring of paging or broadcast channels for location information etc., all have impacts to the current system. 
The difference between scenario 2 & 3 is the ‘offline mobility’.
2.2 Issues
Question 1: Whether “offline” covers both the CS domain and the PS domain, or it only refers to “PS/EPS detached”.

An MTC device is not restricted to be a “PS only” terminal. Thus whether “offline” means “PS/EPS detached only” is not clear yet.
Regarding scenario (1) described in section 2.1, it might be questioned whether such service scenario exists, and it is in SA1 domain to identify the scenarios and associated requirements. Considering scenario (1) to be a realistic service scenario, it provides a simple solution to trigger MTC devices, though with the disadvantage that the CS capability and MSISDN are required.

In SA2 TR23.888 section 5.8 “Key Issue – MTC Device Trigger”, a Note addresses considerations regarding trigger method via the CS domain.

	NOTE 1:
There are currently available solutions to trigger MTC Devices (e.g. unanswered CS call attempts, sending an SMS). However, these have disadvantage when used at a large scale (e.g. they are based on MSISDNs), and work only for attached MTC Devices. This key issue will investigate possible improvements over the currently available means for triggering.


According to the description above, the idea is to investigate possible improvements to ALL available methods for triggering MTC devices. And this does not exclude the triggering via CS.

Hence, whether “offline” state covers both the CS domain and the PS domain needs to be discussed and clarified. We can not simply rule out the scenario (1). It is, therefore, proposed to ask SA1 for clarifications on this issue.
Proposal 1: Question to SA1 on whether the “offline” covers both the CS domain and the PS domain?
Question2: Whether mobility management is needed for “offline” MTC devices
Network always knows the location of registered MTC devices, since mobility management is performed when location changes. When an application wants to trigger an MTC device, the network can find where the MTC device is located, and send the trigger message to the right place.

One big problem for triggering detached MTC device is that the network can not know the exact location of the MTC device.
For scenario (1), MTC devices are only “PS offline” and the location changes can be reported via the CS domain. This helps the MTC server to send trigger request to MTC devices via the CS domain.

For scenarios (2) & (3), MTC devices may move from one place to another when it is detached from network, e.g. a device moves out of the previous area of RA/TA/TA List/SGSN/MME. Triggering a large number of MTC devices in a large area may cause broadcast storms and needs to be avoided. 
To trigger an MTC device with offline mobility behaviours efficiently, the network needs to know the current location of MTC device even if it is not attached to the network. It means certain mobility management needs to be applied to detached MTC devices. To facilitate this requirement, the actions such as the following would need to be performed:

1) The MTC device to remain in the previous location/PLMN and keep monitoring the Paging channel(s) and/or Cell Broadcast.

2) The MTC device to remember the previous location information such as RA/TA/TA List to detect the location change.

3) The MTC device to initiate attach procedure to report the new location when location changes (e.g., in the granularity of RA/TA/TA List etc.). After that the MTC device may perform detach procedure.

The above capabilities have considerable impact on the terminals and could rapidly exhaust the battery of MTC devices. In boundary areas, it may cause attach/detach procedure frequently. Hence it seems not to be a good solution.
One simple proposal for triggering detached MTC devices is to limit the triggering of detached MTC devices that are within known areas. Offline mobility management for detached MTC devices is not for consideration. For example, MTC devices with low mobility are restricted to certain areas (e.g., RA/TA etc.) within which the trigger messages can be delivered by the network.
A way forward will be for the SA1 to confirm the scenarios and requirements for ‘low mobility for detached MTC devices’ and the study of the solutions by the SA2.
Proposal 2: Question to SA1 for clarification on scenarios and requirements for ‘offline mobility for detached MTC devices’. It is also proposed that SA2 investigate the impacts due to ‘offline mobility for detached MTC devices’ and possibly limit ‘offline trigger to detached MTC devices’ to devices that are deployed within fixed/known areas.

Proposal 3: It is proposed to modify the description of ’Key issue - MTC device trigger’ to distinguish the ’offline mobility’ aspects.
2 Proposal
It is proposed to discuss the issues and add the following changes to TR 23.888 version 1.1.0.
******************************* Proposed changes *********************************
5.8
Key Issue - MTC Device Trigger

5.8.1
Use case description

For many M2M applications there may be an interest to have poll model for communications between MTC devices and the MTC Server. This may be because the MTC User wants to be in control of communication from MTC Devices, and does not allow MTC Devices to randomly access the MTC Server. Also for applications where normally the MTC Devices initiate communications, there may occasionally be a need for the MTC Server to poll data from MTC devices.

For MTC Devices that are not continuously attached to the network or that have no always-on PDP/PDN connection it is beneficial to trigger MTC Devices to attach and/or establish a PDP/PDN connection based on a trigger indication from the MTC server. It is important that it can be guaranteed to the MTC User that MTC Devices can only be triggered to attach and/or establish a PDP/PDN connection by authorized MTC Servers.
MTC Devices in ‘offline’ status could be deployed in pre-configured fixed/ known areas, or allowed to move without location restrictions. Which level of ‘mobility’ is allowed for ‘offline’ MTC devices to enable MTC device triggering is still under study.

5.8.2
Required Functionality

The following functionality is required to trigger MTC Devices:

-
The PLMN shall be able to trigger MTC Devices to initiate communication with the MTC Server based on a trigger indication from the MTC server.

-
The network shall provide a mechanism such that the MTC Device can only receive trigger indications from authorized MTC Servers.

-
Upon receiving a trigger indication from a source that is not an authorised MTC Server, the network shall be able to provide the details of the source (e.g. address) to the MTC User. 

-
The network shall provide a mechanism to the MTC User to provide a set of authorized MTC Server(s).
-
A MTC Device shall be able to receive trigger indications from the network and establish communication with the MTC server when receiving the trigger indication. Possible options are:

-
Receiving trigger indication in detached state and establish communication.

-
Receiving trigger indication in attached state and the MTC device has no PDP/PDN connection.

-
Receiving trigger indication in attached state and the MTC device has a PDP/PDN connection.

NOTE 1:
There are currently available solutions to trigger MTC Devices (e.g. unanswered CS call attempts, sending an SMS). However, these have disadvantage when used at a large scale (e.g. they are based on MSISDNs), and work only for attached MTC Devices. This key issue will investigate possible improvements over the currently available means for triggering.

-
A HPLMN supporting the MTC device trigger feature shall provide an interface for reception of a trigger indication into the PLMN in order to be delivered by the network to the addressed MTC device. This interface:

-
shall be globally consistent (i.e. the same) across PLMNs supporting the MTC device trigger feature.
-
shall not require the MTC server to have prior knowledge of the current reachability state (i.e. attachment and PDP context/PDN connection states) of the targeted MTC device.
NOTE 2:
This interface does not preclude an MTC server from interrogating/monitoring the network for the current reachability state of a MTC device.

NOTE 3:
This interface does not preclude an MTC server from submitting an SMS directly to an SMS-SC to attempt to trigger a MTC device.

5.8.3
Evaluation
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