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Abstract of the contribution: MTC Feature negotiation solution and the interaction between SGSN/MME and HLR/HSS for subscription data exchange.
1. Introduction

This paper proposes a solution for negotiation of MTC Features activated in the subscription between the network and the MTC Device based on the capabilities of each side. 
For better understanding of the proposed solution, the paper also gives an example of MTC Device subscription, including possible optimization for retrieving subscription data, so as to save network resource for signaling between SGSN/MME and HLR/HSS.
2. Discussion 

In TR 23.888 v.100 clause 5.7 “Key issue – MTC Subscriptions”, it states:

Upon attachment or subscription update, it shall be possible for the SGSN/MME to support only a subset of the subscribed MTC features based on network capability and/or MTC device capability.
It may be possible for the network operator to inform the MTC Device enabled/disabled status of the MTC features.
That means, when the MTC device attaches to the network, in particular when the MTC device is roaming to a visited network, the subscribed MTC features need to be negotiated between the network and the MTC Device after being retrieved from the subscription. Only the MTC features supported by both sides can be enabled by the network. 
Since MTC features are subscribed in the MTC subscription and activated by default at the time of subscribing the feature. It is essential to have a clear understanding of the MTC subscription before designing the negotiation of MTC features. According to 5.7 “Key issue – MTC Subscriptions”, the following are required to the subscription of MTC Device:

-
It shall be possible to provision the home PLMN with MTC Subscriptions, each one shared by one or more MTC Devices.

-
Each MTC Device shall be associated to one MTC subscription and shall have a device subscription including the security credentials used to authenticate the device.

-
An MTC subscription shall indicate MTC Features that are subscribed by the MTC Devices sharing this subscription.

Based on the understanding of the above requirements, the subscription of MTC Device should have a modular structure and consist of one Device subscription unique to each MTC Device and one MTC subscription shared by one or more MTC Devices, i.e. 
MTC Device Subscription [IMSI_i] =  Device Subscription [IMSI_i] 

+  MTC Subscription X [IMSI_1,...IMSI_i, IMSI_i+1…, IMSI_n].

Device subscription could be straightforward as the current subscription for normal UE. MTC subscription may contain one or more MTC Features activated by the MTC Subscriber at the time of the subscribing the features. This paper introduces an informative Annex to show the examples of subscription for MTC Device.
Taking the subscriptions in the Annex as an example, this paper introduces a solution of MTC Feature Negotiation in a new clause in solution section. Due to the modular structure of the subscription for MTC Device, it further proposes potential signaling optimization during MTC feature negotiation for all the MTC devices sharing the same MTC subscription.
3. Proposed changes
* * * Begin of Change * * * 
6.x
Solution – MTC Feature Negotiation
6.x.1
Problem Solved / Gains Provided

See clause 5.7 “Key Issue – MTC Subscription”.

6.x.2
General
According to the requirements in clause 5.7 “Key issue – MTC Subscriptions”, when the MTC device attaches to the network, in particular when the MTC device is roaming to a visited network, the subscribed MTC features need to be negotiated between the network and the MTC Device after being retrieved from the subscription. Only the MTC features supported by both sides can be enabled by the network. 

Also according to 5.7 “Key issue – MTC Subscriptions”, the subscription of MTC Device has a modular structure and consist of one Device subscription unique to each MTC Device and one MTC subscription shared by one or more MTC Devices, i.e.:
MTC Device Subscription [IMSI_i] =  Device Subscription [IMSI_i] 
+  MTC Subscription X [IMSI_1,...IMSI_i, IMSI_i+1…, IMSI_n].

Device subscription could be straightforward as the current subscription for normal UE. MTC subscription may contain one or more MTC Features activated by default at the time of subscribing the features by the MTC Subscriber. For examples of Device subscription and MTC subscription, please refer to Annex A. 
6.x.2.1
Negotiation of MTC Features between the network and the MTC Device
The procedure below shows the steps of MTC Feature negotiation upon attachment. The negotiation is based on the assumption that the MTC device is able to report its supported MTC features. The subscriptions in Annex A are taken as the examples in the procedure for better illustration and understanding.
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Step 1:   At initial attachment, the MTC Device [i] includes the supported MTC features in the Attach Request and sends to the network.

Step 2:
Upon receipt of the Attach Request, the SGSN/MME stores the device supported MTC features.
Step 3:
The SGSN/MME sends the Update Location Request with the identity IMSI_i to the HLR/HSS.

Step 4:
The HLR/HSS retrieves the subscription data for MTC Device [i], which is composed of one Device subscription and one MTC subscription X, in which the subscribed MTC features are present.

Step 5:
Besides authentication AVs derived from the credentials in the Device subscription, the HLR/HSS includes the MTC subscription data in the message sent to the SGSN/MME.

Step 6:
The SGSN/MME stores the MTC subscription X, retrieves the subscribed MTC features (A,B,C,D,E,F,G), By checking supported feature sets of the network and the device against the subscribed features, as Feature A is not supported by the device, and Feature E is not supported by the network, the SGSN/MME enables the subscribed Features B, C, and D supported by both sides.

Step 7:
The SGSN/MME sends the Attach Accept to MTC Device [i] and optionally includes the parameters of the enabled features needed by the device.

Editor’s Note:
It is left to stage 3 to specify how the MTC Features supported by the MTC device should be encoded in the Attach Request.

The above feature negotiation is based on the assumption that the MTC device is able to report its supported MTC features. However, it is possible that the MTC Device is only able to report its UE Network Capability as specified today, but is not able to identify/report specifically the MTC features supported by itself. On the other hand, the network may also not be able to determine the MTC Features supported by MTC Device based on the received UE Network Capability as specified today. In this case, it is entirely up to the network to determine which subscribed MTC features can be enabled according to its own capability and policy. If the MTC device does not support certain MTC feature (e.g. incapable of running the timer designed for a specific feature) enabled by the network, the network should be able to detect the incompliant behaviour of the MTC device. For example, the solutions for monitoring event of MTC feature alignment can be applied.
6.x.2.2
Optimization for subscription data retrieval from HLR/HSS

The procedure below shows the potential optimization for subscription signaling between SGSN/MME and HLR/HSS for subsequent MTC Device attachments and MTC feature negotiation. In this procedure, it is assumed that MTC Device [i] and [i+1] shares the same MTC subscription. MTC Device [i] is assumed the first device attaching to the network among all the devices sharing MTC subscription X. MTC Device [i+1] is any device attaching to the network subsequently before MTC Device [i] is detached.
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Skip steps 1-7 which are the same as in 6.x.2.1.

Step 8:
MTC Device [i+1] attaches to the network indicating the supported features.

Step 9:
MTC Device [i+1] is identified in the stored MTC subscription X by the SGSN/MME. 

Step 10:
As MTC subscription of the device is already available in SGSN/MME, it sends Update Location Request to HSS indicating that only Device subscription data is needed.

Step 11:
The same step as already specified today.

Step 12:
The same step as already specified today. No need to enable new features.

Step 13:
The SGSN/MME sends the Attach Accept to MTC Device [i+1] and optionally includes the parameters of the enabled features needed by the device.
Different from the MTC feature negotiation in 6.x.2.1, no MTC subscription needs to be transferred in the signaling between SGSN/MME and HLR/HSS (step 10 and 11) for each individual MTC device when the MTC subscription is already available in SGSN/MME. Supposing there is a large number of MTC Devices sharing the same MTC subscription, network resource can be fairly saved on S6a/S6d interface thanks to the modular structure of MTC Device subscription.
6.x.3
Impacts on existing nodes or functionality

Impacts on HLR/HSS:

-
Support storing modular subscription for the MTC Device;

-
Support provisioning the components (Device subscription data and MTC subscription data) of one subscription separately upon request from SGSN/MME.

Impacts on SGSN/MME:

-
Support storing subscribed MTC features received from HLR/HSS and supported MTC features received from the MTC Device.
-
Support enabling MTC features by checking the feature sets from HLR/HSS and the MTC device against its own supported features.
-
Support requesting separate components of one subscription from HLR/HSS.
Impact on the MTC Device:

-
Support identifying and reporting the MTC features supported by itself.
6.x.4
Evaluation
* * * End of 1st Change * * * 
* * * Begin of 2nd Change * * * 
Annex A (informative):  Examples subscription for MTC Device
This annex gives an exemplary Device subscription and exemplary MTC subscription for MTC application of smart metering. Assuming one smart meter is equipped with a USIM card identified with IMSI_i. The MTC subscription identified with X is shared by multiple smart meters from IMSI_1 to IMSI_n. 
Exemplary Device Subscription
	IMSI
	IMSI_i

	IMEI or other type of Device layer ID [optional]
	given by the manufacturer

	Application layer Device ID [optional]
	given by the MTC Subscriber

	FQDN [optional]
	

	Credentials
	

	MTC application [optional]
	smart metering

	Paging Area [optional]
	TAI, CGI, ECGI

	Allowed Location Area (Geographic) [optional]
	

	MTC Subscription Identifier
	X

	…… 
	


Note: MTC application may be written in the device subscription only when the device is a single-purpose device.
Exemplary MTC Subscription

	MTC Subscription Identifier
	X

	List of MTC Devices
	IMSI_1, ..., IMSI_i, IMSI_i+1, …, IMSI_n

	MTC application
	smart metering

	Subscribed Features
	

	(A)  Low Mobility 
	long periodic RAU/TAU timer

	(B)  Time Control 
	forbidden time interval; access duration

	(C)  Time Tolerant
	low access priority

	(D)  Group Based Charging
	

	(E)  PS Only
	

	(F)  Monitoring Events
	

	-  association of the smart meter and UICC
	default action

	-  change of point of attachment
	default action

	-  loss of connectivity
	max. detection time; default Action

	(G)  Small Data Transmission
	max. amount of small data

	Dedicated APN
	

	MTC Server Identity [optional];
	FQDN or Static IP address

	…… 
	


* * * End of 2nd Change * * * 
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