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Abstract of the contribution: This paper proposes an overload control solution to be added in the TR 23.888, which proposes to accept MTC device connection request by the SGSN/MME without communicating with other entities when the network is overload.
Introduction

It is popular for larger numbers of MTC Devices to initiate connection request (e.g. attach request) at almost the same time, or re-initiate the deferred attach and/or connection request frequently, e.g. due to rejection by the network.
Such MTC Device behavior described as above will cause to and/or aggravate network congestion.

In order to solve such network overload problem, this paper proposes that the SGSN/MME accepts the connection request from the MTC Devices when the network is overload or requested service cannot be provided, which prevents those devices to reinitiate deferred attach and/or connection request. That accepting instead of rejecting the request allows the SGSN/MME to wake up those devices in time when the overload problem is solved.
Discussion

There are three kinds of connection request, i.e. attach request, RAU/TAU request, and service request. The SGSN/MME works as follows in case of network overload:
· Attach procedure

When receiving Attach Request message, the SGSN/MME sends Attach Accept message to the MTC Device immediately, without communicating with other entities, e.g. old SGSN/MME, HLR/HSS and S-GW/P-GW. The SGSN/MME assigns P-TMSI/GUTI and RAI/TAI List, and provides pre-defined value for the mandatory parameters (i.e. ESM message container) in the Attach Accept message. In order to prevent MTC Device from initiating service (e.g. sending uplink user data) and wake up the MTC Device when the overload problem is solved, the SGSN/MME also indicates the MTC Device to wait for paging.
· RAU/TAU procedure

Three RAU/TAU scenarios shall be taken into account:

· periodic RAU/TAU procedure

The SGSN/MME accepts the request normally.

· RAU/TAU without changing SGSN/MME
The SGSN/MME assigns P-TMSI/GUTI and RAI/TAI List, and accepts the request without communicating with other entities, e.g. HLR/HSS. The SGSN/MME also indicates the MTC Device to wait for paging.
· RAU/TAU with changing SGSN/MME

The SGSN/MME assigns P-TMSI/GUTI and RAI/TAI List, and accepts the request without communicating with other entities, e.g. old SGSN/MME, HLR/HSS and S-GW/P-GW. The SGSN/MME also indicates the MTC Device to wait for paging.
· Service Request procedure

The SGSN/MME rejects the request directly with indicating the MTC Device to wait for paging. The MTC Device shall not initiate any uplink signaling or data according to the indicator until receive paging message from the network and act accordingly.
When overload problem is solved, the SGSN/MME sends paging message to those MTC Devices in order to wake up them to continue service. When receiving paging message, the MTC Device shall reinitiate the connection request accordingly, e.g. Attach Request, RAU/TAU Request, and Service Request. In addition, the MTC Device shall initiate Attach procedure instead of RAU/TAU procedure in case of previous RAU/TAU procedure with changing SGSN/MME. But the MTC Device is unaware whether the SGSN/MME is changed or not, so the SGSN/MME shall offer the attach flag besides waiting-for-paging flag in the RAU/TAU Accept message to the MTC Device, so that the MTC Device can perform attach procedure according to the attach flag when receiving paging message.
In order to reduce the paging resource, the SGSN/MME can page the MTC Device per group based on the group-shared P-TMSI/S-TMSI. In this case, the SGSN/MME assigns P-TMSI/GUTI in the Attach, RAU/TAU procedure, which is shared by more than one MTC Device located in the same area (e.g. one routing area or several tracking areas). When those MTC Devices holding such P-TMSI/GUTI located in the same area receive the normal paging message, they initiate Attach, RAU/TAU, or Service Request accordingly. The SGSN/MME shall make sure not to page all the devices at the same time, e.g. group by group and 500 devices for one group, which is implementation dependent.
During the Attach procedure and RAU/TAU with SGSN/MME change procedure, the MME may perform Security Mode Command procedure to set null integrity protection algorithm and null ciphering algorithm due to no communication with HLR/HSS, which is the same as the security handling in the emergency attach procedure for unauthenticated UE.
This solution can be applied not only when the SGSN/MME is overload, but also when other core network entities are overload, e.g. HLR/HSS, S-GW/P-GW/GGSN, old SGSN/MME or even MTC Server. In other words, when the SGSN/MME is overload or detects that other related core network entities are overload (i.e. cannot provide service), the SGSN/MME accepts the request immediately without communicating with those entities.

Summary

This paper proposes one NAS-Level overload control solution, which is controlled by the SGSN/MME by accepting connection request immediately in case of network overload, including the overload scenario by SGSN/MME, old SGSN/MME, HLR/HSS, S-GW/P-GW, and even certain Servers (e.g. MTC Server).

This solution also allows the SGSN/MME to wake up those MTC Devices once overload disappears, which is firmly controlled by the network to avoid additional overload problem, e.g. paging the devices group by group.
This solution does not touch the RAN node as well, which makes it easy to be deployed in the real world.
Proposal

It is proposed to add such SGSN/MME overload control solution by accepting connection request into the TR 23.888.

Begin of Change
6.x
Solution – SGSN/MME overload control by accepting connection request
6.x.1
Problem Solved / Gains Provided

See clause 5.12, “Key Issue – Signalling Congestion Control.”
6.x.2
General

In order to avoid network overload due to large number of MTC Devices initiates connection request (e.g. attach request) at almost the same time, the SGSN/MME accepts the connection request immediately, without communicating with other network entities, e.g. HLR/HSS, S-GW/P-GW, old SGSN/MME and etc. This mechanism can prevent those MTC Devices from reinitiating connection request procedures continuously when rejected or discarded silently by the network, which will result in more serious overload.
When overload problem is solved, the SGSN/MME sends paging message to those MTC Devices in order to wake up them to continue service. When receiving paging message, the MTC Device shall reinitiate the connection request accordingly, e.g. Attach Request, RAU/TAU Request, and Service Request.

6.x.2.1
Attach procedure
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Figure 6.x.2.1-1: accept connection request and wake up later message flow
The attach procedure as follows applies to the MTC Device for the scenario when the SGSN/MME is overload or the SGSN/MME detects other entity is overload, e.g. old SGSN/MME, HLR/HSS or GGSN/S-GW/P-GW.

1. MTC Device sends Attach Request message to the SGSN/MME. The BSC/RNC/eNodeB provides the location area information (e.g. CGI, SAI, TAI and etc) in the Gb/Iu/S1-AP message to the SGSN/MME.

The SGSN/MME shall not send message to the old SGSN/MME which is overload.

2. The SGSN/MME sends Attach Accept (P-TMSI/GUTI, RA/TAI List, waiting-for-paging indicator) message to the MTC Device immediately in case of overload.

The SGSN/MME assigns the P-TMSI/GUTI for the MTC Device and includes it in the Attach Accept message. The P-TMSI/GUTI is shared by more than one MTC Device located in the same area, e.g. shared by 500 MTC Devices located in the same routing area or the tracking areas, which is implementation dependent.

The SGSN/MME also includes pre-defined value for the mandatory parameters (i.e. ESM message container) in the Attach Accept message.
The SGSN/MME will not perform any procedures, including Identification procedure with old SGSN/MME, Identity procedure with MTC Device, the Update Location procedure with HLR/HSS and default bearer establishment procedure with S-GW/P-GW.
The SGSN/MME may perform Security Mode Command procedure with setting null integrity protection algorithm and null ciphering algorithm, which is similar with the security handling in emergency attach procedure for unauthenticated UE.
The MTC Device stores the provided information included in the Attach Accept message, including the assigned P-TMSI/GUTI and waiting-for-paging indicator. The MTC Device shall not send any user data or signaling (including the Attach Complete message) according to the “waiting-for-paging indicator”.

3. When the overload disappears, the SGSN/MME initiates paging procedure to wake up those temporary accepted MTC Devices.

The SGSN/MME sends Paging (P-TMSI/S-TMSI, RAI/TAI) message to the BSC/RNC/eNodeB. The P-TMSI/S-TMSI is shared by more than one MTC Devices in the same location area (e.g. one RA/TAI List) which is assigned to those MTC Devices in step2. The SGSN/MME is responsible for the paging sequence and frequency without causing new overload, which is implementation dependent.

4. The BSC/RNC/eNodeB pages in the location area identified by the RAI/TAIs with the P-TMSI/S-TMSI. All the MTC Devices holding the P-TMSI/S-TMSI in the location areas will response the paging message.

5. The MTC Device performs attach procedure according to the stored “waiting-for-paging indicator” in step 2.

6.x.2.2
RAU/TAU procedure

For the periodic RAU/TAU procedure, the SGSN/MME acts normally with accepting the RAU/TAU request, i.e. no communication with HLR/HSS and other entities.

For the RAU/TAU without SGSN/MME changing scenario, the SGSN/MME accepts the RAU/TAU request without communicating with other entities (e.g. HLR/HSS), and sends RAU/TAU Accept message to the MTC Device including the “waiting-for-paging indicator” and new assigned P-TMSI/GUTI, which is shared by more than one MTC Device in the same location area.

For the RAU/TAU with SGSN/MME changing scenario, the SGSN/MME accepts the RAU/TAU request without communicating with other entities (e.g. old SGSN/MME, HLR/HSS), and sends RAU/TAU Accept message to the MTC Device including the “waiting-for-paging indicator” and the new assigned P-TMSI/GUTI, which is shared by more than one MTC Device in the same location area. The SGSN/MME also includes “attach indicator” in the RAU/TAU Accept message together with the “waiting-for-paging indicator” in this case.

When the overload disappears, the SGSN/MME sends paging message to those MTC Devices. When the MTC Device receives the paging message, it perform RAU/TAU procedure according to the stored “waiting-for-paging flag” or attach procedure if the “attach indicator” is stored as well.
6.x.2.3
Connection request procedure

During the Service Request procedure in case of network overload (e.g. SGSN/MME is congested or SGSN/MME detecting other nodes congestion.), the SGSN/MME sends Service Reject (waiting-for-paging flag) message to the MTC Device.

The MTC Device shall not send any user data or signaling until receiving the paging message according to the “waiting-for-paging indicator” in Service Reject message.

When the overload disappears, the SGSN/MME sends Paging message to those MTC Devices. The MTC Device performs Service Request procedure according to the “waiting-for-paging indicator”.

6.x.3
Impacts on existing nodes or functionality
Only MTC Device and SGSN/MME are impacted.

MTC Device:

· Not send user data or signaling message when receiving “waiting-for-paging indicator”.

· Perform Attach, RAU/TAU, Service Request according to the “waiting-for-paging indicator” and “attach indicator” if available when receiving paging message.

SGSN/MME:

· Accept or reject (for Service Request) the connection request without communicating with other entities in case of overload (i.e. SGSN/MME is overload or other related entities is overload).

· Create temporary context with predefined parameters.

· Assign shared P-TMSI/GUTI per location.

· Trigger the paging when overload disappears.

6.x.4
Evaluation
As a NAS-level overload solution, the SGSN/MME accepts the connection request immediately, without communicating with other entities, which reduces the core network overload, and avoids all the MTC Devices reinitiating connection request resulting in more serious overload. The SGSN/MME can take the role of waking up those MTC Devices per group (e.g. with the same P-TMSI/GUTI) when overload disappears instead of depending on the terminal retry mechanism.
This solution can be applied not only when the SGSN/MME is overload, but also when other core network entities are overload, e.g. HLR/HSS, S-GW/P-GW/GGSN, old SGSN/MME or even MTC Server.
RAN node is transparent for this solution, which makes it easy to deploy in the real world.
End of Change
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