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Abstract of the contribution: This contribution proposes a solution for signalling congestion and overload control based on network access restriction to a group of MTC Devices.  The MTC Devices can be grouped based on different criteria like affiliation to an MTC User, APN, PLMN etc.  The group of MTC Devices is informed about the access restriction using a group Paging procedure.
Discussion

The signalling congestion and overload control issue was prioritized during the SA2#78 and SA#79 meetings as one of the key issue to be addressed in Release 10.  Several network operators indicated their concerns about the signalling congestion or overload in the network entities due to the increased number of MTC Devices in the network. Section 5.12 of TR23.888 specifies the use cases and corresponding solution requirements. 
TR23.888 v0.4.1 describes different solutions for signalling congestion and overload control. The discussed and documented solutions can be summarized in the following way:
· SGSN/MME rejects signalling connection requests from MTC Devices (subclause 6.22): this is performed during the NAS connection establishment (e.g. the MTC Devices send Attach Request, Service Request, etc.). In the reject message the SGSN/MME can assign a BackOff time to the MTC Devices, during which they are not allowed to attempt reestablishment of NAS connections. This solution requires the setup of RRC connection before the connection request is rejected by the SGSN/MME, and thus, radio (RACH) resources are consumed. 
· RRC connection reject (subclauses 6.23 and 6.26): during congestion or overload the RAN nodes (NB/eNB) rejects RRCConnection requests sent from the MTC Devices (possibly the MTC Devices may indicate Low Priority Access). The RRCConnection reject message sent from the RAN node can contain an extended BackOff time indicating to the MTC Device a BackOff time for which the MTC Device shall not attempt an RRC connection reestablishment.  Since the UE needs to send an RRCConnection requests to the eNB, the MTC Devices perform RACH procedure, and thus, radio (RACH) resources are consumed.
· Access control by broadcasting baring information (subclause 6.28): the network access restriction is broadcasted in the SIB to the MTC Devices, similar to the Access Class Baring.  The access restriction can be applied to various grouping granularity, e.g. per MTC Group, MTC Feature, APN or PLMN. This solution has impacts on the RAN2 specifications, specifically to all NB/eNB that should be able to broadcast the access restriction with different granularity. With this solution the MTC Devices would not consume radio (RACH) resources because no RRC connection establishment is performed. 

As it can be seen from above short descriptions, the “broadcasting baring information” solution is the only solution that informs the MTC Devices about the network access restriction without consumption of radio resources (RACH resources) by the MTC Devices.  Similarly, the solution proposed in this paper restricts the network access to the MTC Devices without consumption of RACH resources; however the MTC Devices are informed about the access restriction via the Paging procedure. More specifically, the MTC Devices are grouped for paging during the same Paging Frame and Paging Occasion of the Physical Downlink Control Channel (PDCCH).

The MTC Devices may belong to multiple MTC Groups with different granularity. The grouping of MTC Devices for paging is done by the SGSN/MME during the initial attach or TAU procedures; or the grouping can be stored on the SIM/USIM application.  The MTC Devices of the same MTC Group monitor the same Paging Frame and Paging Occasion, so that the network (SGSN/MME) can page all MTC Devices of the same MTC Group with one Paging message.  The eNBs send the Paging message at the Paging Frame and Paging Occasion monitored by the MTC Devices of the paged group. 

The MTC Devices calculate the Paging Frame and Paging Occasion using an MTC Group index ID (similar to the calculation using IMSI/S-TMSI for usual UEs). The MTC Group index ID is assigned to the MTC Devices by the SGSN/MME.
The MME sends in the S1-AP Paging message to the eNB the MTC Group index ID in the "UE_ID Index Value" field. The eNB uses the value from the "UE_ID Index Value" (i.e. MTC Group index ID) to calculate the Paging Frame and the Paging Occasion. The eNB procedures and behaviour doesn't need to be changed.
A regular Paging message from the MME to the eNB contains 1) UE identity for calculation of the Paging Occasion and 2) UE paging identity (IMSI or S-TMSI) that is also transmitted in the Paging message over the radio interface.  For the group Paging solution, all MTC Devices assigned with the same MTC Group index ID monitor the same Paging Occasion. The UE paging identity field in the Paging message is used to carry the MTC Group paging indication (having the same length as the IMSI).  The MTC Group paging indication contained in the Paging message includes two parts:

· an MTC Group paging ID that is unique for each MTC Group. The MTC Group paging ID can be pre-configured onto the SIM/USIM of the MTC Devices or assigned to the MTC Devices in additional to the usual S-TMSI assigned during the initial attach or TAU procedures; 
· a parameters part, e.g. back-off time. 
Hence, the MTC Devices grouped for paging have multiple paging identities – on one hand IMSI/S-TMSI and on the other hand one or multiple MTC Group paging IDs. The MTC Device behaviour is as follows:

· if the Paging message contains IMSI/S-TMSI, then individual paging for the particular MTC Device (as usual UEs) is applied. The MTC Device shall behave as in case of usual Paging;
· if the Paging message contains an MTC Group paging indication (including the MTC Group paging ID), then the MTC Devices that are assigned with this MTC Group paging ID shall apply the access restriction as encoded in the MTC Group paging ID. Note that the MTC Devices shall not transfer to CONNECTED state.
The main advantage of the group Paging solution is that no modification to the RAN nodes (NB/eNB) are required, since the RRC message format is not modified. However, the “broadcasting baring information” solution requires modification to the SIB information for access restriction, and therefore, modification to the existing deployed NBs/eNBs is needed. Further advantage is that the group paging is a more dynamic and “lighter” way to inform the MTC Devices. In the broadcasted solution, the SIB is modified with the access restriction and all UEs and MTC Devices are forced to read the modified SIB information. Later when the access restriction is lifted, again all UEs and MTC Devices are forced to read the modified SIB.  Furthermore, the broadcasted solution is slow, i.e. it may take up to 10 seconds until all MTC Devices read the modified SIB information. 

The group Paging solution requires a new format for the MTC Group paging indication in the Paging message.  The MTC Group paging indication includes the MTC Group paging ID and a back-off time.  To implement this, modifications to the SGSN/MME and MTC Devices (NAS protocol) are needed, whereas the RAN nodes are unmodified.
Proposal

It is proposed to a new solution subclause for signalling congestion control in the 3GPP TR23.888 v0.3.2:
Start of Change

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

This subclause describes a solution for signalling congestion and overload control based on network access restriction. The network (SGSN/MME) uses the Paging procedure to inform a group of MTC Devices about the access restriction. Therefore, when the MTC Devices are paged with a special MTC Group paging indication (contained in "UE Paging Identity" field of the Paging message), the MTC Devices does not transfer to CONNECTED state, but instead are informed about the access restriction.
MTC Group paging indication containing MTC Group paging ID and parameters parts
The MTC Devices may be grouped according to different criteria (e.g. belonging to the same MTC User, same APN, same PLMN etc.), which means that the MTC Devices may belong to multiple MTC Groups. A separate MTC Group paging ID is assigned per MTC Group, i.e. the MTC Devices may have multiple MTC Group paging IDs.  The MTC Group paging IDs can be assigned by the network (SGSN/MME) during the initial attach or TAU procedures, or can be pre-defined and stored on the SIM/USIM application. The MTC Group paging ID is assigned to the MTC Devices additionally to the usual S-TMSI assigned during the initial attach or TAU procedure.
The MTC Group paging indication consists of the MTC Group paging ID and the parameters parts. The paramters part may contain e.g. a back-off time. The MTC Group paging indication is included in the "UE Paging Identity" field of the Paging message, and thus, the MTC Group paging indication has the same length as the IMSI (15 digits).
NOTE: It should be guaranteed that there is no overlap between the MTC Group paging indication and any valid IMSI. For example the MTC Group paging ID may be 10 digits long (i.e. the first 10 digits of the MTC Group paging indication), whereas the first 5 digits of the MTC Group paging ID would consist of the MCC and MNC of the IMSI. In order to avoid the overlap between the valid IMSI and MTC Group paging indication, the first 5 digits of the MTC Group paging ID can be chosen to be of invalid MCC and MNC.
The SGSN/MME sends in the S1-AP Paging message to the eNB the MTC Group paging indication in the "UE Paging Identity" field. The eNB copies this indication into the Paging message over the radio interface. Therefore the eNB is not aware whether the Paging message is for an MTC Device, for a usual UE or for an MTC Group.
MTC Group index ID

The MTC Devices grouped for paging monitor the same Paging Frame and Paging Occasion of the Physical Downlink Control Channel (PDCCH). The MTC Devices calculate the Paging Frame and Paging Occasion using the MTC Group index ID (similar to the calculation using IMSI/S-TMSI for usual UEs). The MTC Group index IDs can be assigned by the network (SGSN/MME) during the initial attach or TAU procedures, or can be pre-defined and stored on the SIM/USIM application. 
The MME sends in the S1-AP Paging message to the eNB the MTC Group index ID in the "UE_ID Index Value" field. The eNB uses the value from the "UE_ID Index Value" (i.e. MTC Group index ID) to calculate the Paging Frame and the Paging Occasion. The eNB procedures and behaviour does not require any changes.
The paging procedure

The MTC Devices grouped for paging have multiple paging identities – on one hand the IMSI/S-TMSI and on the other hand one or multiple MTC Group paging IDs. The MTC Device behaviour is as follows:

· -
if the Paging message in the Downlink Shared Channel (PDSCH) contains IMSI/S-TMSI in the paging identity, then individual paging for the particular MTC Device (as usual UEs) is applied. The MTC Device shall behave as in case of usual Paging, e.g. transfer from IDLE to CONNECTED state; 

· -
if the Paging message in the Downlink Shared Channel (PDSCH) contains an MTC Group paging ID as part of the paging identity, then the MTC Devices shall apply the access restriction as encoded in the parameters part of the MTC Group paging indication. Note that the MTC Devices shall not transfer to CONNECTED state.
The SGSN/MME can be triggered to apply access restriction (to particular MTC groups) by the GGSN/PGW. The SGSN/MME may also implement internal mechanisms to detect congestion or overload situation. When a trigger for signalling congestion or overload occurs, the SGSN/MME sends to the RAN nodes a Paging message containing the MTC Group paging ID for the concerned MTC Group. The format of the Paging message does not require modification, and respectively the RRC Paging message is not modified. Therefore the functionality of the RAN nodes (NB/eNB) conforms to the standard Rel-8 functionality and no modifications to the NB/eNBs are required.
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 specify the MTC Group paging indication that includes the MTC Group paging ID and a back-off time. Note that the length of the field is kept the same. To reflect this, the only modification required to the network entities is to the SGSN/MME.
6.X.4
Evaluation 
The group Paging solution enables the SGSN/MME to restrict the access to the network of MTC Devices belonging to MTC Groups with different granularity (e.g. MTC User, APN, PLMN). This solution avoids the consumption of radio (RACH) and core network resources. Further benefits are listed below:

-
no changes to the RAN nodes (e.g. NB/eNB) are required, and thus, the network operators providing MTC services need to update only the NAS-related core network entities (SGSN/MME);
-
the Paging message for access restriction addresses only the MTC Devices of the concerned MTC Group. The MTC Devices not concerned with the signalling congestion are not addressed, since the access restriction information is not broadcasted;
-
the Paging message for access restriction reaches the targeted MTC Devices faster than broadcasted system information.
If detached MTC Devices of an MTC Group, which is paged for access restriction, monitor the Paging resources (i.e. Paging Frame and the Paging Occasion) calculated according the group Paging solution above, then the detached MTC Devices would be also informed about the access restriction. 

If the back-off time parameter part of the MTC Group paging indication is configured in a special way (e.g. the back-off time = 0), the group Paging solution can be used in the sense of usual paging, i.e. the MTC Devices of the paged group are requested to transfer to CONNECTED state.
To implement the group Paging solution, extensions in the MTC Devices for the calculation of the Paging Frame and Paging Occasion based on the MTC Group index ID is needed. Further, modifications to the NAS protocol are required to specify the format of the MTC Group paging indication.
The group Paging solution can be applied as supplementary solution to the solution of access restriction by broadcasting baring information. Firstly, the group Paging solution can be used to quickly inform the MTC Devices about the access restriction. Secondly, if needed, the access restriction (baring) can be broadcasted in the system information.
End of Change
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