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Abstract of the contribution: This contribution introduces a solution to the Key Issues of Time Controlled and Signalling Congestion Control. With this solution, the attachment of MTC devices is controlled effectively so that the overload situation can be avoided at any time during an MTC access grant time interval.
Introduction

MTC devices with Time Controlled feature are allowed to communicate with the network in some defined access grant time intervals. In the cases where a large number of MTC devices are assigned the same time interval, the network may suffer from a dramatic increase in its load at the beginning of the MTC access grant time interval due to the simultaneous signalling actions of the MTC devices, e.g., simultaneous attachment operations. With this contribution, we propose to let SGSN/MME restrict the number of its attached MTC devices in such a manner that the total number of attached UEs (including MTC devices and non-MTC UEs) is always under a pre-defined upper bound or, at most, fluctuates slightly around that upper bound during the MTC access grant time interval.
Discussion of the proposed method
We suggest that the MTC devices remain detached if they are not expected to have any mobile terminated communications.
Since the proposed method is developed to restrict MTC device accesses only, each MTC device should carry a special identifier with which the network can distinguish MTC devices from non-MTC ones.
To implement this method, the network operator needs to set, for the SGSN/MME, an upper bound of the number of attached UEs and we call this upper bound 
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 is supposed to be the maximum number of attached UEs while still keeping the network in a normal working condition. The network operator can set a proper value for 
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 according to their network equipment capability and operating experience.
The network operator selects a series of discrete time points (e.g., with a spacing of 1 second) within the MTC access grant time interval as the time instants at which the MTC devices are allowed to request attachment. At other times, the network shall reject the MTC attachment requests, and in the meantime, select an aforementioned time point and notify the MTC device. The MTC device shall resend the attachment request at this designated time point.
At any time point when the network can accept MTC attachment requests, the SGSN/MME has the operations shown in Figure 1. The SGSN/MME first checks the number of attached non-MTC UEs, 
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, which is now regarded as the permissible maximum number of attached MTC devices at this moment. Next, the SGSN/MME checks the number of currently attached MTC devices, 
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, the SGSN/MME accepts the current MTC attachment requests until the number of attached MTC devices reaches the permissible maximum number, i.e., accepts 
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 of the current MTC attachment requests. The remaining MTC attachment requests are rejected, and while rejecting a request, the SGSN/MME selects a subsequent MTC attachment time point and tells the MTC device to resend the attachment request at that specific time point. On the other hand, if 
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, the SGSN/MME shall reject all of the current MTC attachment requests to avoid network overload. While rejecting a request, the SGSN/MME selects a subsequent MTC attachment time point and tells the MTC device to resend the attachment request at that specific time point.
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Figure 1. SGSN/MME operations at an MTC attachment time point.

After completing the communication tasks in the MTC access grant time interval, the attached MTC devices shall get detached (either by themselves or by the network) from the SGSN/MME immediately so that other MTC devices can have chances to successfully attach to the network. According to TR 23.888 v0.3.2, typically a 5-10 minutes communication window is sufficient for an individual MTC Device. Thus, if the attached MTC devices can get detached as early as possible, other MTC devices will have more chances to be allowed for attachment.
Proposal

It is proposed to add the following text to Clause 6 of TR 23.888 v0.4.1.
Start of Change

6.X
Solution – Overload control within an MTC access grant time interval

6.X.1
Problems solved / Gains provided

See Clause 5.9 “Key Issue –Time Controlled” and Clause 5.12 “Key Issue – Signalling Congestion Control.”
6.X.2
General

The network may suffer from a dramatic increase in its load at the beginning of the MTC access grant time interval due to the simultaneous signalling actions (e.g., simultaneous attachment operations) of many MTC devices. The main idea of the solution presented here is to let SGSN/MME restrict the number of its attached MTC devices in such a manner that the total number of attached UEs (including both MTC and non-MTC devices) is always under, or, at most, fluctuates slightly around, a pre-defined upper bound during the MTC access grant time interval.

Developed to restrict MTC device accesses only, this solution recommends that each MTC device carry an MTC indication with which the network can distinguish MTC devices from normal human-to-human (H2H) devices. Also, we suggest that the MTC devices remain detached if they are not expected to have any mobile terminated communications.

To implement this method, the network operator needs to set an upper bound of the number of attached UEs. This upper bound is supposed to be the maximum number of attached UEs while keeping the network in a normal working condition. It can be determined according to the network equipment capability and the operating experience.

A series of discrete time points (e.g., with a spacing of 1 second) are selected within the MTC access grant time interval as the time instants at which the MTC devices are allowed to request attachment. At other times, the network shall reject the MTC attachment requests and tell each of those MTC devices to resend the request at an aforementioned time point.

At each of the time points described above, the SGSN/MME checks the number of attached non-MTC UEs, the margin between this number and the aforementioned upper bound is regarded as the maximum number of MTC devices allowed to attach at this moment. If the number of currently attached MTC devices is less than that maximum number, the SGSN/MME accepts the attach requests from MTC devices until the number of attached MTC devices reaches the maximum number, otherwise the attach requests are rejected. While rejecting an attach request, the SGSN/MME selects a subsequent MTC attachment time point and tells the MTC device to resend the attach request at that specific time point.

After completing the communication tasks in the MTC access grant time interval, the MTC devices shall get detached (either by themselves or by the network) from the SGSN/MME so that other MTC devices can have chances to successfully attach to the network.

6.X.3
Impacts on existing nodes or functionality
Impacts on the SGSN/MME: 

· With the MTC indication carried by each MTC device, the SGSN/MME needs to be able to distinguish MTC devices from normal H2H devices.
· The SGSN/MME needs to store the discrete time points at which the MTC devices are allowed to request attachment, and reject MTC attach requests except at those time points. While rejecting an attach request, the SGSN/MME needs to select a subsequent MTC attachment time point and inform the MTC device.
· The SGSN/MME needs to count the numbers of both MTC and non-MTC devices separately. At the time points when MTC devices are allowed to request attachment, the SGSN/MME needs to calculate the maximum number of MTC devices allowed to attach at this moment, and decide how many more MTC attach requests it can accept.
Impacts on the MTC device:
· Each MTC device needs to carry an MTC indication.
· MTC devices need to remain detached if they are not expected to have any mobile terminated communications.
· When its attach request is rejected, the MTC device needs to resend the request at the time point provided by the SGSN/MME in the rejection message.
· After completing the communication tasks, the MTC device needs to get detached (either by themselves or by the network) from the SGSN/MME.
6.X.4
Evaluation
End of Change
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SGSN/MME accepts � EMBED Equation.3  ��� of the current MTC attachment requests, rejects the remaining MTC attachment requests and selects subsequent MTC attachment time points for them.







� EMBED Equation.3  ���？
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Calculate � EMBED Equation.3  ���，where � EMBED Equation.3  ��� is the upper bound of the number of attached UEs.







SGSN/MME checks the number of attached non-MTC UEs, � EMBED Equation.3  ���.







SGSN/MME rejects the MTC attachment requests and selects subsequent MTC attachment time points for them.
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SGSN/MME checks the number of attached MTC devices, � EMBED Equation.3  ���.
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