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Abstract of the contribution: solution for forcing MTC devices to remain offline when not communicating.
1. Introduction

This paper is intended to propose alternative solutions to force MTC devices to remain in offline state if no data is to be transmitted, which is one of the requirements for the key issue “Infrequent Transmission” newly introduced in the accompanying paper.
2. Discussion 

As introduced in the accompanying paper, one of the requirements in clause 5.x “Key Issue – Infrequent Transmission” is to keep the MTC Devices remaining in offline state when not communicating, more specifically:
· The MTC device should detach itself immediately if explicit transmission end is indicated by its upper layer application. For detecting DL transmission end, the MTC device should be informed by the MTC Server about the DL transmission end via application layer.

· In case no explicit transmission end can be detected by the MTC device, the network should be able to detach the MTC device if implicit indication of transmission end is provided to the network
According to the above, either the network or the MTC device should be able to enforce a detach procedure when the infrequent transmission comes to an end. Although enforcing a detach procedure is straightforward, detecting the implicit transmission end needs some carefully designed mechanisms if no explicit indication from the application layer is available, so as to avoid mistakenly detaching the MTC device in the middle of transmitting or receiving data. 
For detecting DL data transmission end, as the MTC Server may be an entity outside of the 3GPP network domain, the network cannot entirely rely on an explicit indication of DL transmission end sent by the MTC Server. On the other hand, we may expect the MTC application on the MTC device to indicate the exact transmission end, but this indication may not be entirely reliable if the MTC application on the device is malfunctioning or misbehaving.

For the network to implicitly detect the transmission end, because data traffic may not always be continuous, the network may mistakenly judge the short breaks in-between the whole transmission as the transmission end, if only by means of monitoring active bearers, hence detaches the MTC device before all data has been completely transmitted. Whenever the network is in lack of an accurate judgement of the transmission end, we could use a predefined time value to facilitate the implicit detection of data transmission end. 

In view of the above discussion, this paper introduces a new clause in the solution section and proposes two alternative solutions.
3. Proposed changes

* * * Begin of Change * * * 
6.x
Solution – keep MTC devices remaining offline when not communicating
6.x.1
Problem Solved / Gains Provided

See clause 5.x “Key Issue – Infrequent Transmission”.

6.x.2
General

According to the required functionalities for keeping MTC device offline when not communicating in clause 5.x “Key Issue – Infrequent Transmission”, either the network or the MTC device should be able to enforce a detach procedure when the infrequent transmission comes to an end. Although enforcing a detach procedure is straightforward, detecting the implicit transmission end needs some carefully designed mechanisms if no explicit indication from the application layer is available, so as to avoid mistakenly detaching the MTC device in the middle of transmitting or receiving data. 

For detecting DL data transmission end, as the MTC Server may be an entity outside of the 3GPP network domain, the network cannot entirely rely on an explicit indication of DL transmission end sent by the MTC Server. On the other hand, we may expect the MTC application on the MTC device to indicate the exact transmission end, but this indication may not be entirely reliable if the MTC application on the device is malfunctioning or misbehaving.

For the network to implicitly detect the transmission end, because data traffic may not always be continuous, the network may mistakenly judge the short breaks in-between the whole transmission as the transmission end if only by means of monitoring active bearers, hence detaches the MTC device before all data has been completely transmitted. Whenever the network is in lack of an accurate judgement of the transmission end, we could use a predefined time value to facilitate the implicit detection of data transmission end. 

Note:
When multiple applications are running on the MTC Device at the same time, i.e PDN connections for other applications coexist with the PDN connection for the infrequent data transmission, the solution of forcing MTC Device to remain offline cannot be applied to such MTC Device.
If a MTC Device can be put to offline state as long as not communicating, such MTC device may rarely do idle mode mobility management procedures. Hence, the ISR function could be disabled for such MTC devices.
A.  SGSN/MME based Solution

This solution is to define a transmission timer in the subscription with the Infrequent Transmission feature activated. The timer needs to be set by the operator together with the MTC Subscriber, of which the value could be a bit greater than the estimated maximum time needed to cover a complete infrequent transmission. Hence the transmission timer expiry can be used to implicitly mark the end of an entire data transmission (both downlink and uplink).
The SGSN/MME retrieves the transmission timer from the subscription data when downloading the subscription data for the MTC Device during Attach procedure. To make the transmission timer known to the MTC device, the SGSN/MME includes this timer in the Attach Accept and sends to the MTC device. As such, there’s one criterion (transmission timer) for the network to determine detachment; and two criteria (application layer indication and transmission timer) for the MTC Device to determine detachment. Then the behaviours on both sides should follow as below:

-   On the network side
The SGSN/MME shall begin to run the transmission timer after the MTC device attaches to the network and the first PDN connection is successfully established.
+   When the transmission timer expires, the SGSN/MME shall start to run implicit detach timer. This is to allow some time to wait for explicit detach initiated by the MTC Device which may run beyond the timer expiry in exceptional cases.
+   If the network has not received UE initiated detach request till the implicit detach timer expires, the SGSN/MME shall initiate detach procedure. This is to force the malfunctioning/misbehaving devices to go offline.
-   On the MTC Device side 

The MTC device shall also start to run the transmission timer after the MTC device attaches to the network and the first PDN connection is successfully established.
+
If the MTC application on the MTC device explicitly indicates the end of transmission before the transmission timer expires, the MTC device shall initiate detach procedure immediately.
+
If no transmission end has been indicated by MTC application until the transmission timer expires, the MTC device shall wait for the upper layer indication before initiating detach procedure. But when the network initiated Detach Request is received, the MTC device shall no longer wait for the upper layer indication but immediately respond with the Detach Accept.

B.  PCC based Solution

This solution is to make use of the dynamic PCC function of real-time usage monitoring control to detect the end of data transmission. To facilitate the detection, an inactive duration is pre-defined in the subscription when the Infrequent Transmission feature is activated. The inactive duration could be set by the operator together with the MTC Subscriber, according to the estimated maximum time interval between two successive data flows (for uplink and downlink) during an infrequent data transmission per MTC Device.
-
The PCRF retrieves the inactive duration along with the subscription information from the SPR at an IP‑CAN session establishment.
-
When inactive duration is retrieved, the PCRF shall request accumulated usage report from PCEF (GGSN/PDN-GW) once per inactive duration.
-
The PCRF compares the volumes of every two successive usage reports. When no volume increment is detected between the two successive reports, the PCRF determines that the infrequent data transmission is completed and makes policy decision by initiating IP-CAN Session Modification procedure.

-
Triggered and provisioned with PCC rules by PCRF, the GGSN/PDN-GW enforces the decision by initiating PDP Context Deactivation / EPS Bearer Deactivation procedure. 
-
The SGSN/MME should initiate detach procedure consequently.
6.x.3
Impacts on existing nodes or functionality

Solution A:
Impacts on HLR/HSS:

-
Support configuring and provisioning of the transmission timer as part of MTC subscription.

Impacts on SGSN/MME:

-
Support storing and running of the transmission timer received from the HSS/HLR.

-
Support modification of transmission timer value, if the subscribed transmission timer value changes; and provide the MTC device with the new timer value during the next Attach procedure.
Impact on the MTC Device:
-
Support storing and running of the transmission timer.
Solution B:
Impacts on HSS/SPR:

-
Support configuring and provisioning of inactive duration as part of MTC subscription.

Impacts on PCRF:

-
Support storing the inactive duration received from the HSS/SPR, and making policy decision accordingly.
6.x.4
Evaluation
Both solutions have impact on HLR/HSS/SPR. Neither of the solutions has impact on GGSN/PDN-GW and E-UTRAN/UTRAN/GERAN.
Solution A:
Benefits:
no impact on GGSN/PDN-GW and PCRF
Drawbacks:
impact on NAS level signalling between SGSN/MME and the MTC Device;
Enhancement needed on both SGSN/MME and the MTC Device to run a new type of timer.
Solution B:
Benefits:
no impact on SGSN/MME, GGSN/PDN-GW, and the MTC Device
Drawbacks:
Enhancement needed on PCRF to store the inactive duration and make policy decision based on this time value.

Increased signalling between PCRF and GGSN/PDN-GW.
* * * End of Change * * * 
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