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Abstract of the contribution: This contribution proposes a solution for signalling congestion control where one or more particular MTC Groups, which are currently causing signalling congestion or may soon increase it, are instructed to delay their signalling without impact on all MTC devices.
Discussion

The signalling congestion control feature was prioritized during the SA2#78 meeting. Several network operators indicated that the number of the MTC devices can become considerable and the signalling caused by the MTC devices (implementing the same or similar MTC feature or belonging to the same MTC group) may cause congestion in the network entities.
One of the current requirements in section 5.12 of TR23.888 specifies:
  “It shall be possible to reduce signalling load of connection requests for a specific APN or from MTC Devices belonging to a particular MTC Group on the SGSN/MME and/or GGSN/PGW”.  
TR23.888 v0.3.2 describes different variants of a solution for rejecting connection requests by the MME/SGSN. However, in some cases it can be advantageous if the MTC Devices are informed to delay or re-schedule the initiation of the signalling instead of initiating the signalling and consecutive rejection.  This paper proposes such a solution that meets the above cited requirement and additionally to avoid the initiation of the signalling.

One approach to restrict the access (i.e. to avoid the initiation of the signalling) of a particular group of MTC Devices is to use indication(s) in the System Information Blocks (SIBs) broadcasted in the serving cell.  Several variants of this approach are possible depending in which SIB the indication(s) is broadcasted and which MTC Devices are addressed, i.e. whether a particular access class or MTC Group ID etc.  One disadvantage of this approach is that the RAN nodes (e.g. eNBs) need to be changed in order to be able to broadcast the indication(s) for access restrictions to the MTC Devices. One further disadvantage is that all MTC devices are forced to read the SIB information even if they are not affected by the access restriction. 
This paper proposes another approach for restriction of the access (i.e. to avoid the initiation of the signalling), as only a particular MTC Group is addressed without impact on all MTC Devices. The proposed solution uses the paging procedure to inform a particular MTC Group to delay the signalling.  The approach proposes that all MTC Devices belonging to an MTC Group are grouped for paging during the same Paging Frame of the Physical Downlink Control Channel (PDCCH).  The grouping for paging is done by the MME during the initial attach or TAU procedures. The MME can group for paging all MTC Devices belonging to a particular MTC Group, or the MME may use other characteristics to group MTC devices. The Paging Frame, in which the MTC Group is paged, is a usual Paging Frame used also for paging of normal UEs.  All UEs and MTC Devices paged in the Paging Frame read then the paging message in the Downlink Shared Channel (PDSCH). 
Each paging message contains a UE identity. If an MTC Group is paged, then the UE identity in the paging message has a special format and it is not assigned to normal UEs. In this case the UE identity includes a unique MTC Group ID and a time for delaying the signalling (e.g. a back-off time). The MTC Group ID is assigned to the MTC Devices additionally to the usual S-TMSI assigned during the initial attach or TAU procedure. Thus, the MTC Devices grouped for paging have 2 Paging IDs – one unique S-TMSI for the individual paging (as usual UEs) and one MTC Group ID for the group paging. 
One advantage of the proposed approach is that the already deployed RAN system (e.g. eNB) must not be changed, since the paging mechanism is not modified. A new format of the UE identity in the paging message is needed including an MTC Group ID and time for delaying the signalling (e.g. a back-off time). To implement this solution merely modifications to the MME are needed, whereas the RAN nodes (e.g. eNBs) are unmodified.
Proposal
It is proposed to a new solution subclause for signalling congestion control in the 3GPP TR23.888 v0.3.2:
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6.X
Solution – Access Restrictions for MTC Groups Using Paging Procedure
6.X.1
Problem Solved / Gains Provided

See subclause 5.12, “Key Issue – Signalling Congestion Control”
6.X.2
General

If a particular MTC group is causing a congestion or if it is going to produce signalling that increases the signalling overload in the network, this subclause describes a solution how the MME may restrict the MTC Group to access the network. The access restriction can be a pre-defined action, e.g. the MTC Devices delay or reschedule the signalling requests sent to the network. The MME uses the paging procedure to inform the MTC Group about the congestion or overload situation. For this purpose the MTC Devices belonging to an MTC Group are grouped together for paging. The grouping for paging is done by the MME during the initial attach or TAU procedures. 
All MTC Devices belonging to an MTC Group are grouped for paging during the same Paging Frame of the Physical Downlink Control Channel (PDCCH). The Paging Frame, in which the MTC Group is paged, is a usual Paging Frame used also for paging of normal UEs. If an MTC Group is paged in the Paging Frame, the MTC Devices belonging to the MTC Group read then the corresponding paging message in the Downlink Shared Channel (PDSCH). The paging message contains a UE identity that is not assigned to normal UEs. The UE identity includes a unique MTC Group ID and a time for delaying the signalling (e.g. a back-off time). The MTC Group ID is assigned to the MTC Devices additionally to the usual S-TMSI assigned during the initial attach or TAU procedure. Thus, the MTC Devices grouped for paging have 2 Paging IDs – one unique S-TMSI for the individual paging (as usual UEs) and one MTC Group ID for the group paging.
If the paging message contains the unique S-TMSI for the individual paging, MTC Devices behave according to the standard paging procedure. If the paging message contains the MTC Group ID, the MTC Devices delay their signalling for a given time (e.g. a back-off time).
The MME can be triggered from the GGSN/PGW, from the PCC entities or other MTC application related function to restrict the access to the network for of particular MTC group(s). The MME may also implement internal mechanisms to detect congestion or overload situation. When a trigger for signalling congestion or overload occurs in the MME, the MME sends a Paging Request message to the eNBs where the MTC Devices of the concerned MTC Group are registered. The Paging Request message contains the specific MTC Group ID. The eNB functionality is conform to the standard Rel-8 paging functionality and the eNBs does not need to be modified.
The solution proposed in this subclause is applicable for MTC devices in IDLE state and in CONNECTED state. 
6.X.3
Impacts on existing nodes or functionality
Modification in the NAS protocol is needed in order to configure the MTC devices with an additional MTC Group ID for paging (e.g. group S-TMSI). To reflect this, changes to the MME are required.
6.X.4
Evaluation 
This solution enables the MME to restrict the access of the MTC Devices belonging to one or more MTC Groups during a congestion situation. Further benefits are listed below:

-
it is possible to delay or re-schedule the initiation of signalling of MTC devices that are still in IDLE state, but are scheduled for transmission in a short time. The latter advantage allows to pro-actively avoid increasing of signalling overload;
-
only those MTC Devices are addressed to perform access restriction that area causing signalling congestion or may soon increase it. The MTC Devices not concerned with the signalling congestion do not need to perform any action; 
-
no changes to the RAN nodes (e.g. eNBs) are needed, an thus, the network operators providing MTC services need to update only their core network entities.

One disadvantage of the proposed solution is that the MTC Devices in IDLE state that detect indication in the Paging Frame of the PDCCH channel need to read the corresponding paging message in the PDSCH, although just a normal UE may be paged. 
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