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Abstract of the contribution: This contribution proposes dynamic assignment of MSISDN to those MTC devices that access the network infrequently and the duration of the access is not long.
Discussion
SMS is widely used for the delivery of service data, device triggering, remote configuration via OAM etc. All these SMS based functions require assigning an MSISDN to a UE. However, for a large number of MTC devices, it is not possible for the operator to assign MSISDN statically for each MTC device, because the MSISDN resource is limited. This issue should be addressed in TR23.888.
The deployment of a large number of MTC devices will rapidly exhaust operator’s resource of MSISDNs. Amongst the MTC devices, lots of them will be used for infrequent data transmission, i.e. they seldom access the network and stay on the network for a short duration only. If such MTC devices can use MSISDNs based on the services needed, without statically assigned MSISDNs, the MSISDN resource can be conserved.
There are lots of MTC devices which seldom access the network and the duration of access is not long (e.g. once a week attaches to report service data and detaches after data transmission). For such MTC devices, it is not needed to pre-assign MSISDN to each MTC device. A possible way is to assign an MSISDN dynamically to the MTC device at the time of attachment to the network and release the MSISDN on the MTC device detaching from the network.
This paper proposes a detailed solution for dynamic assignment of MSISDNs to this type of MTC devices.
Proposal
It is proposed to discuss the solution and accept the following changes to TR23.888.
************************************** Start of the First Change***********************************

6.X
Solution - Dynamic MSISDN Assignment
6.X.1
Problem Solved / Gains Provided
See clauses 5.x "Key Issue – Efficient usage of MSISDN resource for MTC". The solution focuses on the scenario where an MSISDN is required (e.g. use SMS to deliver service data or send trigger message to an MTC device), and also taking into account that an MSISDN is not pre-assigned to the MTC device.
6.X.2
General

This solution enables the HLR/HSS to dynamically assign MSISDNs to the MTC devices that require an MSISDN (e.g. using SMS for service data delivery or device triggering). To use the MSIDSN resource efficiently, a pool of MSISDNs is shared by a large number of MTC devices.
This proposed solution is based on the following assumptions:

· Many MTC devices seldom access the network, and the duration of access is not long. For example, a vending machine accesses the network once a day to report service data, and detaches from network after data transmission. For such MTC devices, MSISDN can be dynamically assigned, and this will reduce the required number of MSISDNs.

· MTC devices (e.g. those belonging to one MTC service provider) are usually scheduled into different time periods for communications with the MTC server, so as to avoid large number of MTC devices simultaneously accessing the network and cause network/MTC server congestion.

· A pool of MSISDNs can be shared by a large number of MTC devices with the above stated behaviour. The size of the pool can be adjusted according to heuristics and analysis.

Based on the above stated assumptions, the network can dynamically assign MSISDN to such MTC devices and reclaim the MSISDN after the usage.

The following figure shows the architecture for this solution.
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Figure 6.X-1 Architecture for dynamic MSISDN assignment

The functionality of each entity are as follows:

· MPE (MSISDN Pool Entity): Performs allocation and release of the MSISDN from its MSISDN pool. Stores the state information related to the MSISDN assignment (e.g. the pairing of the assigned MSISDN and IMSI/Device ID of the MTC UE). MPE may be a logical entity part of the HLR/HSS, or a separate standalone entity.

· HLR/HSS: Determines whether to assign an MSISDN to the MTC UE, and stores the assigned MSISDN info in the subscription data. Determines when to release the MSISDN assigned to MTC UE, and clears the stored MSISDN from the subscription data. HLR/HSS interacts with the MPE over an internal interface for the assignment of a new MSISDN and the release of the assigned MSISDN. Optionally, HLR/HSS sends notification to the MTC GW to inform the assignment and the release of the MSISDN.

· MSC/SGSN/MME: As an option, MSC/SGSN/MME informs MTC GW/MTC Server about the assignment and the release of the MSIDN. This could be done via MTC Monitoring function.

· MTC GW: MTC GW uses MTCsp interface to communicate with the MTC Server., A globally unique MTC device ID (e.g. FQDN) is used to identify the MTC UE over MTCsp. The MTC GW performs the mapping between the MTC UE device ID/IMSI and the assigned MSISDN for the purpose of interactions between SMS and MTC service messages.
6.X.3
MSISDN assignment

During the attach procedure, the HLR/HSS assigns an MSISDN dynamically to an MTC device which is used for MTC services (e.g. reporting service data via SMS or sending trigger message via SMS). The HLR/HSS determines whether to assign an MSISDN dynamically to the MTC UE according to certain criterion (e.g. based on indications in the subscription data, or the MTC features supported by the MTC UE). If there is an MSISDN already assigned to the MTC UE, the HLR/HSS will not allocate another MSISDN to the MTC UE.

The HLR/HSS queries the MSISDN Pool Entity (MPE) for new MSISDN assignment. The MPE holds an MSISDN pool which can be sized (possibly dynamically) according to operator policy. The state information related to the MSISDN assignment is stored in the MPE (e.g. the pairing of the assigned MSISDN and IMSI/Device ID of the MTC UE). The MPE may be a logical entity part of the HLR/HSS, or a separate standalone entity. After the MSISDN has been assigned, the MSISDN is downloaded to the MSC/SGSN/MME during the insertion of subscription data.

The following figure illustrates dynamic MSISDN assignment during the Attach procedure.
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Figure 6.X-2 MSISDN Assignment during Attach procedure

Step 1. MTC UE initiates Attach procedure. Attach request is sent to the MSC/SGSN/MME.

Step 2. MSC/SGSN/MME sends Location Update to HLR/HSS.

Step 3. HLR/HSS determines that the MTC UE needs an MSISDN and no MSISDN is assigned (statically) to this MTC UE. HLR/HSS allocates an MSISDN dynamically (e.g. from the MSISDN pool). The HLR/HSS may interact with MPE for dynamic MSISDN assignment. The HLR/HSS inserts this assigned MSISDN into the subscription data.

Step 4. HLR/HSS sends Location Update ACK to the MSC/SGSN/MME. Subscription data is downloaded to the MSC/SGSN/MME. Dynamically assigned MSISDN is included in the subscription data.

Step 5a. After sending Location Update ACK to the MSC/SGSN/MME, the HLR/HSS may send a Notification message to the MTC GW, informing of the MSISDN assignment. The MTC GW stores the mapping of the assigned MSISDN and the IMSI/Device ID for the MTC UE.

Step 5b. After receiving the subscription data, if the Attach is accepted, the MSC/SGSN/MME may send Notification to the MTC GW/MTC Server via MTC Monitoring Report path, including the assigned MSISDN.
NOTE: Step 5b may be performed after step 7.

Step 6. If the MTC GW receives the MSISDN assignment Notification, the MTC GW may inform the MTC Server about the MSISDN assignment.

Step 7. MSC/SGSN/MME sends Attach Accept to the MTC UE.

Another approach for the MTC GW/MTC Server to be aware of dynamic MSISDN assignment is for the MPE to forward MSISDN assignment Notification to the MTC GW/MTC Server through an internal interface.

According to the procedures above, MTC UE is assigned an MSISDN during the Attach procedure. The dynamic assignment of such MSISDN is informed to the MSC/SGSN/MME and the MTC GW/MTC Server as well.

6.X.4
MSISDN Release

After the duration of access to the network, the dynamically assigned MSISDN shall be released and returned to the MSISDN pool. The HLR/HSS shall clear the stored MSISDN from the subscription data.

Three alternatives approaches are described for the HLR/HSS to perform MSISDN release

Alternative-1: HLR/HSS releases the MSISDN on the receipt of the Purge message

Within a certain time after the MTC UE detaches from the network, the MSC/SGSN/MME initiates Purge procedure to clear the stored UE context, and informs the HLR/HSS that the MTC UE has disconnected from the network. On the receipt of the Purge message, the HLR/HSS performs MSISDN release procedure (e.g. clear the MSISDN stored in the subscription, and inform the MPE to clear the assignment of the MSISDN).
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Figure 6.X-3 Release MSISDN during Purge procedure

Step 1. MTC UE initiates detach procedure.

Step 2. After a certain time, the MSC/SGSN/MME initiates Purge procedure.

Step 3. On receiving the Purge message, the HLR/HSS releases the assigned MSISDN. The HLR/HSS clears the MSISDN stored in the subscription data, and informs the MPE to release the MSISDN.

Step 4a. After step 3, the HLR/HSS informs the MTC GW about the release of MSISDN.

Step 4b. After step 2, the MSC/SGSN/MME may inform the MTC GW about the release of MSISDN.

Step 5. When the MTC GW is informed of the release of the MSISDN, MTC GW may forward such information to MTC Server.

Alternative-2: HLR/HSS releases the MSISDN based on a configured timer

The operator may consider dynamically assigning MSISDN to certain MTC UEs only for a configured time period. In this case, the HLR/HSS starts a timer when performing MSISDN assignment. When the timer expires, the HLR/HSS initiates MSISDN release procedure.
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Figure 6.X-4 Release MSISDN based on a configured timer

Step 1. MTC UE initiates Attach procedure. HLR/HSS assigns an MSISDN to the MTC UE, and starts timer Tx according to operator policy and service agreement.

Step 2. Timer Tx expires.

Step 3. HLR/HSS may interact with the MSC/SGSN/MME to check UE reachability. If the MTC UE is reachable, the HLR/HSS may extend the timer Tx according to operator policy.

HLR can use MAP-PROVIDE-SUBSCRIBER-INFO to query the MTC UE status from the VLR as described in TS29.002. HSS can use UE_REACHABILITY_NOTIFICATION_REQUEST to query MTC UE status from SGSN/MME as described in TS23.060/TS23.401.
Step 4. HLR/HSS releases the assigned MSISDN. As a result of the change of subscription data, the HLR/HSS may download updated subscription data to the MSC/SGSN/MME. The MSC/SGSN/MME may detach the MTC UE accordingly.

Step 5. After step 4, HLR/HSS informs the MTC GW about the release of the MSISDN.

Step 6. When the MTC GW is informed of the release of the MSISDN, MTC GW may forward such information to the MTC Server.

Alternative-3: MTC GW informs HLR/HSS to release the MSISDN

The MTC GW is informed about the detachment of the MTC UE. The MTC GW sends notification to the HLR/HSS to trigger MSISDN release procedure.
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Figure 6.X-5 MTC GW informs HLR/HSS to release MSISDN

Step 1. MTC UE initiates detach procedure.

Step 2. As per the requirements of MTC Monitoring functionality, the MSC/SGSN/MME sends Monitoring event report to the MTC GW, indicating the MTC UE detach event and the release of the MSISDN.

Step 3. On receiving the Monitoring event report, the MTC GW informs the HLR/HSS to release the MSISDN.

Step 4. HLR/HSS initiates MSISDN release procedure.

Step 5. MTC GW may forward such information to MTC Server.

The alternatives above provide the capability to the HLR/HSS to release the MSISDN after the MTC UE detaches from the network. In order to improve the efficiency of MSISDN release, alternatives 1 and 2 may be deployed together.

6.X.5
MO SMS

When the MTC UE attaches to network, the MTC UE is assigned a dynamic MSISDN. Using this MSISDN, the MO SMS can be sent out.

6.X.6
MT SMS

During the period MTC UE is attached to the network, MTC GW/MTC server is informed about the MSISDN assignment and release. When sending an SMS to the MTC UE, MTC GW/MTC server shall check whether the MTC UE is assigned an MSISDN. If MTC UE is not assigned an MSISDN, the downlink message from MTC server shall be deferred or cached at the MTC GW.

If MTC GW is deployed between MTC server and the PLMN, the MSISDN assignment/release is informed to the MTC GW only. MTC GW shall check about the MSISDN assignment when receiving an MTC message from the MTC server. The MTC message from the MTC server is identified by MTC device ID. MTC GW uses the MTC device ID to check the mapped MSISDN and for the transfer of the MTC message for SMS processing.

When there is no MSISDN assigned to the MTC UE, the MTC GW caches the MTC message until the MTC UE has been assigned an MSISDN, or sends a response to MTC server asking it to defer the downlink MTC messages.

6.X.7
Roaming issues

As regards the roaming case, no explicit impacts have been identified. This aspect is still FFS.

6.X.8
Charging issues

There are two different scenarios for charging:

Scenario 1: Operator needs the charging amount for an MTC service provider

In this case, any charging record for individual MTC UEs is not cared for by the operator. The operator can assign an MSISDN pool for each MTC service provider. According to this rule, the charging records identified by the MSISDNs belonging to each MSISDN pool are related to a specific MTC service provider. No changes need to be made to current charging system to meet this requirement.

Scenario 2: Operator needs the charging amount for an individual MTC UE

In this case, the SMS-SC does not know which MTC UE uses which MSISDN since there is no fixed MSISDN assigned to MTC UEs. This could result in significant charging confusion.

There are possible solutions to avoid this confusion:

Alt-A: Enhance the OCS system to make the OCS system to be aware of the dynamic MSISDN assignment to MTC UEs. The OCS then can change the dynamic MSISDN to IMSI of the respective MTC UE. This will result in the  charging records to be presented by IMSI, and introduces enhancements to the OCS system.

Alt-B: Enhance the SMS-SC, e.g. to combine the MTC GW together with the SMS-SC. This specific SMS-SC (MTC GW) can know which MTC UE uses an MSISDN. Before sending charging record to the OCS system, the SMS-SC shall replace the dynamic MSISDN with the IMSI of the respective MTC UE. Charging for these MTC UEs will be represented by the IMSI. This alternative may introduce enhancements to the SMS-SC.
NOTE: It is FFS whether there are other ways to address the charging issue.
6.X.9
Impacts on existing nodes or functionality

HLR/HSS:

· Assigns MSISDNs to MTC devices dynamically.

· Releases MSISDN after MTC device detaches or purges.

· Optionally, notifies the MTC server about the MSISDN assignment.

SGSN/MME:

· Optionally, forwards the MTC event report (i.e. Attach/Detach) with the assigned MSISDN to the MTC Server, if MTC Monitoring function is used to report MSISDN assignment/release.
Charging system:

· Optionally, uses IMSI for identifying the MTC UE for charging instead of the MSISDN.

MTC Server:

· Stores and clears the dynamically assigned MSISDN per MTC device.

· Uses the MSISDN assigned to the MTC device for SMS during the attachment of the MTC device.

MTC UE:

· To be configured to detach from the network after service interactions with the MTC server.

6.X.10
Evaluation

Benefits:

· Less MSISDNs serve lot more MTC devices.

· Limited enhancements to network entities.

Drawbacks:

· Enhancement to the HLR/HSS.

· Not applicable to continuously attached MTC devices.
************************************** End of the Change*************************************
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