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Abstract of the contribution: 
This paper addresses the issue of synchronisation between an offline MTC device and a network during triggering procedures
1. Introduction

The solutions that have been presented for device triggering either propose the use of the paging channel (through monitoring of DRX cycles, applicable to both offline and online devices) or the use of the broadcast channel (applicable for offline devices only).
Two issues have been identified in all the above solutions proposed:

1. How is DRX kept synchronised between the UE and the network given long DRXs and off-line UEs

2. For device triggering to off-line UEs, using the broadcast channel how does the UE know when to receive and the network when to send. How is such synchronisation maintained.

This paper proposes a solution to allow maintaining synchronisation between the MTC device and the network by defining control and reporting cycles for the MTC device.
2. Control and Reporting cycles for the MTC device
The proposal introduces two main cycles; A “Control Period” where the MTC device “wakes-up” and monitors the 3GPP network for paging information from the network and a “Reporting Period” where the MTC device attaches to the network and connects to the MTC server in order to send data (see figure 1).  The control and reporting periods can be known by the network and/or the MTC server in order to allow them to be aware when such device is available to be paged. The control period has relatively small intervals whereas (e.g. once a day) whereas the reporting period can be long (e.g. once a week).
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Figure 1: Usage of Control and Reporting cycles by an MTC device
The “Control Period” can be adequately mapped to the MTC device’s DRX cycles and/or broadcast channel monitoring cycles.  In the former case the MTC device and the network will be aware that paging would be possible during the DRX cycle and in the latter case the MTC device will wake up to monitor a specific broadcast channel for control information (e.g. paging or new control and reporting cycles).
Both cycles can be either managed by the device and communicated to the network or managed by the network (or the MTC server) and communicated to the MTC device.

There are a number of options on how the control/reporting periods can be propagated to the MTC device. Options are:

· Control/reporting periods communicated to the MTC device by an MTC application (on top of IP) (direct model operation) 

· Control/reporting periods conveyed to the MTC device by an MTC server (over MTCsp interface) (Operator controlled indirect model)
· Control/reporting periods conveyed to the MTC device by 3GPP core network (non-operator controlled indirect model)

3. Proposal
.  
The following changes are proposed in TR 23.888

******** START OF CHANGE **********
6.X
Solution – Synchronisation between MTC server/3GPP CN and offline MTC device for triggering

6.X.1
Problem Solved / Gains Provided

See clause 5.8 "Key Issue - MTC Device Trigger"

6.X.2
General

It is proposed to introduce two main wake up cycles/periods for an MTC device.  A “Reporting period”, where all MTC devices are reporting usage data to the network, and “Control periods”, where the MTC Server may initiate control related communication to these devices.  During “Control Period”, MTC devices wake up and monitor the 3GPP control channel for page or SMS messages addressed to the group or addressed to individual devices.  Therefore, the MTC device can either:

· Monitor the paging or broadcast channel for a triggering indication or
· Attach to the network and wait for a PDN/PDP connection request from the network/MTC server. 
Based on implementation a 3GPP operator or MTC server may only use the “Control” period.  In such a case the device only monitors for paging information.  The device enters its reporting cycle only if paged by the MTC server (if the device is not paged the device does not attach to the network)

Furthermore, the Control and Reporting periods can be used by the device and the network in order to be aware of the current location of a device.  This option would be particularly applicable to low mobility offline MTC devices.  During control periods a detached device would monitor the paging or the broadcast channel for new location information, i.e., a new Tracking Area or Routeing Area that is not in location area list that is stored on the device.  In such a case the device would carry out attach procedures, report its location and then detach. 

Options on how the control and reporting cycles are communicated between the MTC device and the 3GPP core network and/or MTC server are given below:
Option 1: Direct Model – MTC application configures triggering cycles of MTC device(s)
This option is applicable to the case where an MTC application communicates to the MTC device via the Gi/SGi interface.  The MTC application provides new or updated Control and Reporting periods when the MTC device attaches to the network and setup a session with the MTC server.  The MTC device connects to the MTC server if paged by the server (e.g. during a control interval) or during the reporting interval. All communication is carried out on top of IP, therefore, the 3GPP CN is not aware of the synchronisation periods (only provides the backbone).  An example is shown on the figure below:
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Figure X.Y: MTC device synchronisation transparent to 3GPP core network
Step 1: 
Device enters Control Cycle, monitors paging or broadcast channel for trigger

Step 2: 
MTC server is locally configured with Control/Reporting cycle and decides to trigger MTC device(s)

Step 3: 
Trigger sent via MTCsp and MTC Device Trigger Gateway

Step 4: 
MME/SGSN pages the device using paging or broadcast channel

Steps 5 – 8:
MTC device detects trigger. MTC device configured to attach to MTC server after trigger is sent.  The MTC server may provide updated Control/Reporting cycles (e.g. optimised DRX cycles) during this period

Step 9:
After reporting is complete MTC device is configured to enter IDLE or OFFLINE mode

Step 10:
MTC device either Detaches from the network (Detach Request to MME/SGSN) or MTC device releases RRC connection with eNodeB

Option 2: Indirect Model Operator controlled –MTC server provides control/reporting periods via MTCsp interface

In this option the MTC server includes control/reporting periods within the MTCsp interface when triggering MTC devices.  The 3GPP core network (i.e. HSS/HLR or MME/SGSN) locally stores the information and propagates the information to the MTC device either via either via NAS signalling (e.g. in TAU/RAU signalling), via the paging or the broadcast channel (e.g. by including an additional parameter in the SIB used to convey DRX parameters to the device)..

An example is shown on the figure below:
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Figure X.Z: MTC device synchronisation control/reporting cycles included via MTCsp interface

Step 1: 
Device enters Control Cycle, monitors paging or broadcast channel for trigger

Step 2: 
MTC server is locally configured with Control/Reporting cycle and decides to trigger MTC device(s)

Step 3: 
Trigger sent via MTCsp and MTC Device Trigger Gateway. MTC server may include updated Control Reporting Cycles (e.g. optimal DRX cycles)

Step 3a:
MME/SGSN locally stores the information (Alternatively MME/SGSN may notify HSS of the new information. The HSS then stores the information in the subscription profile).

Step 4: 
MME/SGSN pages the device using paging or broadcast channel

Steps 5:
MTC device detects trigger. MTC device configured to attach to MTC server after trigger is sent.  

Step 6-7:
MTC device attaches to network.  The MME/SGSN may provide updated Control Reporting cycles in the Attach Accept 

Step 9:
After reporting is complete MTC device is configured to enter IDLE or OFFLINE mode

Step 10:
MTC device either Detaches from the network (Detach Request to MME/SGSN) or MTC device releases RRC connection with eNodeB

Option 3: Indirect Model non-operator controlled – 3GPP CN network configures control/reporting periods

In this option the MTC server does not take part in the configuration of the control/reporting periods.  The 3GPP network configures the control/reporting periods of the device. Configuration can be carried out either via (U)SIM OTA or OMA DM procedures.  Alternatively, the 3GPP network can provide configuration details either via NAS signalling (e.g. RAU/TAU, Attach Accept, Detach Accept), via the paging channel or via the broadcast channel (e.g. by including an additional parameter in the SIB used to convey DRX parameters to the device).

The 3GPP network may inform the external MTC server of the triggering cycles of MTC devices.  Conversely, if the MTC server is unaware of control/reporting periods, when the MTC server sends a trigger via MTCsp the MME/SGSN buffers the request until the device enters its controlling period.
An example is shown on the figure below:
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Figure Z.Y – MTC device synchronisation through (U)SIM OTA or OMA DM
Step 1: 
Device enters Reporting Cycle. Device is preconfigured via OMA DM or (U)SIM OTA

Step 2: 
MTC device attaches to network.  The device may include in the Attach Request updated Control/Reporting cycles (e.g. optimal DRX cycle)

Step 3:
MME/SGSN locally stores the information (Alternatively MME/SGSN may notify HSS of the new information. The HSS then stores the information in the subscription profile).

Step 4 -7: 
MTC device connect to MTC server to report data and enter IDLE or OFFLINE mode after reporting is completed

6.X.3
Impacts on existing nodes or functionality

UE support of additional control/reporting periods.

An additional parameters (e.g. control triggering period) conveyed to the UE via NAS signalling. Alternatively the new parameter is provided via the broadcast channel

6.X.4
Evaluation
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9. After reporting is completed MTC device enters IDLE or OFFLINE state







5. MTC device configured to connect to MTC server once triggered
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8. IP connection with MTC server established.  MTC server may provide updated control/reporting intervals information
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8. IP connection with MTC server established.  MTC server may provide updated control/reporting intervals information







7. Attach Accept. MME may include updated control/reporting intervals







9. After reporting is completed MTC device enters IDLE or OFFLINE state
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7.Detach Request or RRC Connection Release







5. IP connection with MTC server established.  MTC server may provide updated control/reporting intervals information
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