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1 Introduction

In existing 3GPP specification TS 24.167, the Management Object covers generic parameters for IMS which is compatible with OMA DM 1.2. However, currently, due to the complexity, there is not much devices that can support OMA DM protocol. So OMA DM for Remote Client Configuration for MNO provisioning is not widely used. Another method to support MNO provisioning for the parameters is specified in GSMA PRD RCC.14, which is rarely used too.
As VoLTE / ViLTE launches increase, device configuration becomes a major issue for MNO and OEM, which also drives up OPEX / CAPEX costs due to lack of centralized/standardized mechanism and individual approaches. 
Every operator has different setting lists and parameter terminologies, and some MNOs (mobile network operators) introduced their own preferred configuration for devices in their early deployments. Current process to configure IMS parameters in devices: MNO provide “their own list” of parameters to each OEM / chipset manufacturer, who then translates that list to, again, “their own list” of parameters. M operator-countries in the world to N manufacturers = MxN manual exchanges of Excel sheets, which is extremely time costly, and always requiring the expert translation from “the list of parameters provided by the operator” to “the manufacturer’s parameters”. OEM vendors are forced to fulfill complex integration and IOT conformance work for each MNO, with significantly increased burden for implementation/deployment, cost and time to market. Furthermore, the interoperability between inbound roamers and visited networks would become a significant obstacle to support roaming scenarios.
Currently in GSMA, there is a TECHNICAL ADAPTATION OF DEVICES Task Force under TSG that defined a set of configuration parameters for Late Customisation for OMD. It covers all aspects of late configuration (e.g. LTE, 2G/3G, RAN, IMS and others). The IMS aspects were defined in co-operation with RILTE and were also reflected in updates to latest versions of RILTE PRDs (IR.92 etc.) via addition of annexes with parameters and default values and (continuing) interaction with 3GPP to maintain alignment. But it still takes time to refine the parameter configuration during the deployment of VoLTE which costs much to both the operators and OEMs.
In 5G era, it is valuable to investigate a mechanism to enable the efficient transfer of settings from mobile network to the UE.
2 Discussion
To efficiently transfer the device configuration from mobile network to the UE via control plane, there are two scenarios considered, including initial device configuration transfer and device configuration update. 
Below the device configuration procedures include initial device configuration transfer and device configuration update.

In both device configuration transfer and device configuration update solutions, the device configuration data is stored in a Configuration Server, which can be co-located with AS or HSS. The Configuration Server can also be stand-alone, and the interface/information flow between Configuration Server and S-CSCF is implementation specific.
2.1
Initial device configuration

There are two alternatives considered to transfer the initial device configuration:

-
Device configuration transfer via registration information flow.
-
Device configuration transfer after third-party registration information flow.
2.1.1
Alternative 1: Device configuration transfer via registration information flow

This clause provides the information flows for initial device configuration data transfer via registration information flow. 
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Figure 2.1.1: Device configuration transfer via registration information flow
1-7. The registration procedure is the same as the procedure described in TS 23.228 Clause 5.2.2.3 Registration information flow – User not registered. 

In the Register information flow in step 1, the UE needs to indicate whether it supports IMS device configuration.
If the device configuration data is stored in HSS, the HSS sends the Cx-Put Resp/Cx-Pull Resp (SAA) with the device configuration data to the S-CSCF if UE supports IMS device configuration.
8-8’. Based on the filter criteria, the S‑CSCF shall send register information to the service control platform and perform whatever service control procedures are appropriate.

If the device configuration data is stored in AS, the AS shall be the first Application Server of any Application Servers in the path of the registration procedure. 
9.
The S‑CSCF shall return the 200 OK information flow (home network contact information, a GRUU set) to the I‑CSCF.

If the device configuration data is stored in AS, the AS returns 200 OK with device configuration data if UE supports IMS device configuration. The S-CSCF shall wait until the 200 OK returned from AS then return the 200 OK to the I-CSCF. If AS returns a failure response, the S-CSCF shall return the 200 OK information flow as usual.
10.
The I‑CSCF shall send information flow 200 OK (home network contact information, a GRUU set) to the P‑CSCF. The I‑CSCF shall release all registration information after sending information flow 200 OK.

11.
The P‑CSCF shall store the home network contact information, and shall send information flow 200 OK (a GRUU set) to the UE. The P‑CSCF may subscribe to notifications of the status of the IMS Signalling connectivity from PCRF/PCF (see TS 23.203 [54] for more details).


If the S-CSCF receives the priority information of the MPS subscribed-UE as a part of user profile from the HSS, the S-CSCF provides the priority information to the P-CSCF and the P-CSCF stores this information for the MPS-subscribed UE.

2.1.2
Alternative 2: Device configuration transfer after third-party registration information flow

This clause provides the information flows for device configuration data updating procedure after third-party registration information flow.
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Figure 2.1.2: Device configuration transfer after third-party registration

1-11. The registration procedure is the same as the procedure described in TS 23.228 Clause 5.2.2.3 Registration information flow – User not registered.

In the Register information flow in step 1, the UE needs to indicate whether it supports IMS device configuration.
8’. Based on the filter criteria, the S‑CSCF shall send register information to the service control platform and perform whatever service control procedures are appropriate.
12.
The AS sends MESSAGE with the device configuration data to the S-CSCF if UE supports IMS device configuration. If UE doesn’t support IMS device configuration, the MESSAGE procedure will not proceed.
13. The S‑CSCF sends MESSAGE to P-CSCF.

14. The P-CSCF sends the MESSAGE to UE.

NOTE: MESSAGE can be replaced with NOTIFY to send the device configuration data.

15-17. The UE sends 200 OK to P-CSCF to acknowledge the sending of MESSAGE.
2.1.3
Solution Evaluation / Comparison
In general, the device configuration data can be stored in AS or HSS. HSS plays an important role in the network, and contains the subscription-related information for all the home subscribers. It is proposed to store the device configuration data in AS in order to have less impact on existing functionalities.

Alternative 1is to re-use existing procedure to fulfill the initial device configuration data transfer. The only change is that S-CSCF needs to wait the 200 OK response from AS.
Alternative 2 needs to add the MESSAGE information flow to transfer the device configuration data. It’s new procedure and increase signaling interation.
2.2
Device configuration update
There are three alternatives which can fulfil device configuration update:

-
Device configuration update via subscription event.
-
Device configuration update via re-registration information flow.

-  Device configuration update via MESSAGE.
2.2.1
Alternative 1: Device configuration update via subscription event
This clause provides the information flows for device configuration data updating procedure via subscription event.

[image: image3.emf]S-CSCF

AS

2. SubscribeEvent

6. ACK

3. Service Control

4. Subscribe Event

5. ACK

8. EventNotification (xml)

UE

P-CSCF

1. SubscribeEvent

7. ACK

9. EventNotification 

(xml)

10. ACK

11. ACK


Figure 2.2.1: Device configuration update via subscription event
1.
The UE initiates a subscription to an AS requesting notification of any changes in specified information stored in the control of the AS.
2.
The P‑CSCF remembers (from the registration process) the next hop CSCF for this UE, i.e., the SubscribeEvent is forwarded to the S‑CSCF in the home network.

3.
The S‑CSCF invokes whatever service logic procedures are appropriate for this request.

4.
The S‑CSCF applies regular routing procedures and forwards the request to the next hop.

5.
The AS acknowledges the SubscribeEvent request.

6.
The S‑CSCF forwards the acknowledgement to the P‑CSCF.

7.
The P‑CSCF forwards the acknowledgement to the UE.

8.
As soon as the AS sends an acknowledgement to accept the subscription, the AS sends an EventNotification message with the current information the UE subscribed to. The EventNotification is sent along the path set-up by the SubscribeEvent dialog to the P‑CSCF allocated to the UE. Further notifications, if monitor of changes was requested, sent by the AS is sent along the same path.
If the device configuration data is stored in AS, the AS sends the EventNotification message with the information including the device configuration data.
9.
The P‑CSCF forwards the EventNotification to the UE.

10.
The UE acknowledges the EventNotification.
11.
The P‑CSCF forwards the acknowledgement to the AS.
The other feasible way is that, the HSS sends the Cx-Update_Subscr_Data with device configuration data to the S CSCF if the device configuration data is stored in HSS and there are some updates for the data. The S-CSCF sends Cx-Update_Subscr_Data Resp to the HSS to acknowledge the sending of Cx-Update_Subscr_Data. And the –SCSCF sends the EventNotification to the P-CSCF. The precondition here is that the UE subscribe to request notification of any changes in specified information stored in S-CSCF. See the details information flow below.
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Figure 2.2.1’: Device configuration update via subscription event_data from HSS
2.2.2
Alternative 2: Device configuration update via re-registration information flow
This clause provides the information flows for device configuration data updating procedure via re-registration information flow.
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Figure 2.2.2: Device configuration update via re-registration
1-6. The re-registration procedure is the same as the procedure described in TS 23.228 Clause 5.2.2.4 Re-Registration information flow – User currently registered.

In the Register information flow in step 1, the UE needs to indicate whether it supports IMS device configuration.
7.
The HSS shall stores the S‑CSCF name for that user and return the information flow Cx-Put Resp/Cx-Pull-Resp (user information) to the S‑CSCF. The S‑CSCF shall store the user information for that indicated user.

If the device configuration data is stored in HSS, the HSS sends the Cx-Put Resp/Cx-Pull Resp (SAA) with the device configuration data to the S-CSCF if UE supports IMS device cofiguration.

NOTE: For device configuration data update, the configuration server can send the data to the UE once re-registration happen or by considering the time when the UE had the most recent device configuration data and the time when the configuration server update the data. In the later case, the UE needs to add the time when it receives the device configuration data to the Register.
8.
Based on the filter criteria, the S‑CSCF shall send re-registration information to the service control platform and perform whatever service control procedures are appropriate.

NOTE 3:
The service control environment can be notified of the current IP-CAN type serving the UE via this procedure.

If the device configuration data is stored in AS, the AS shall be the first Application Server of any Application Servers in the path of the registration procedure. And the AS returns 200 OK with device configuration data to S-CSCF.
9.
The S‑CSCF shall return the 200 OK information flow (home network contact information, a GRUU set) to the I‑CSCF.
If the device configuration data is stored in AS, the AS returns 200 OK with device configuration data if UE supports IMS device configuration. The S-CSCF shall wait until the 200 OK returned from AS then return the 200 OK with the device configuration data to the I-CSCF. If AS responses a failure response, the S-CSCF shall return the 200 OK information flow as usual.
10.
The I‑CSCF shall send information flow 200 OK (home network contact information, a GRUU set) to the P‑CSCF. The I‑CSCF shall release all registration information after sending information flow 200 OK.

11.
The P‑CSCF shall store the home network contact information, and shall send information flow 200 OK (a GRUU set) to the UE.


If the S-CSCF receives the priority information of the MPS subscribed-UE as a part of user profile from the HSS, the S-CSCF provides the priority information to the P-CSCF and the P-CSCF stores this information for the MPS-subscribed UE.

2.2.3
Alternative 3: Device configuration update via MESSAGE
This clause provides the information flows for device configuration data updating procedure via MESSAGE. This solution enables the sending of the device configuration data towards the UE once the data in the configuration server is updated.
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Figure 2.2.3: Device configuration update via MESSAGE
1.
The HSS sends the Cx-Update_Subscr_Data with device configuration data to the S‑CSCF if the device configuration data is stored in HSS and there are some updates for the data. The S-CSCF sends Cx-Update_Subscr_Data Resp to the HSS to acknowledge the sending of Cx-Update_Subscr_Data. This step is existing procedure as described in TS 23.228 5.1.5.1 Subscription updating information flow.
1’. If the device configuration data is stored in AS, the AS sends the MESSAGE with the device configuration data to the S-CSCF. This step can happen once the data in AS is updated or after re-registrartion.
2. The S‑CSCF sends MESSAGE with the device configuration data to P-CSCF.

3. The P-CSCF sends the MESSAGE with the device configuration data to UE.

4-6. The UE sends 200 OK to AS via P-CSCF/S-CSCF to acknowledge the sending of MESSAGE.
NOTE: MESSAGE can be replaced with NOTIFY to send the device configuration data.
2.2.4
Solution Evaluation / Comparison

See below the comparison for device configuration update.
	Alternative Solutions
	Pros
	Cons

	Alt 1: Device configuration update via subscription event
	Data stored in HSS
	1) Device configuration can be updated immediately once there is any update.
2) Re-use existing procedure, less impact on UE and the network.
	1) The subscription event will increase the signalling load in the network.
2) HSS plays an important role in the network, and contains the subscription-related information for all the home subscribers. It may have more impact on existing functionalities.

3) New event needed.

	
	Data stored in AS
	1) Device configuration can be updated immediately once there is any update.
2) Re-use existing procedure, less impact on UE and the network.
	1) The subscription event will increase the signalling load in the network.
2) New event needed.

	Alt 2: Device configuration update via re-registration information flow
	Data stored in HSS
	Re-use existing procedure, less impact on UE and the network.
	1) Device configuration can not be updated immediately, need to wait until the periodic registration happens.
2) For re-registration, the S‑CSCF can detect that this is a re-registration and omit the Cx-Put/Cx-Pull request as an optimisation. In this case, if the data is stored in HSS, the device configuration data can not be updated to the UE.

	
	Data stored in AS
	Re-use existing procedure, less impact on UE and the network.
	1) Device configuration can not be updated immediately, need to wait until the periodic registration happens.

	Alt 3: Device configuration update via MESSAGE
	Data stored in HSS
	1) Device configuration can be updated immediately once there is any update.
	The procedure of sending MESSAGE is new compared to existing procedure.

	
	Data stored in AS
	1) Device configuration can be updated immediately once there is any update.
	The procedure of sending MESSAGE is new compared to existing procedure.


3 Conclusion and Proposals
Every operator has different setting lists and parameter terminologies, and some MNOs (mobile network operators) introduced their own preferred configuration for devices in their early deployments. OEM vendors are forced to fulfill complex integration and IOT conformance work for each MNO, with significantly increased burden for implementation / deployment, cost and time to market. Device configuration becomes a major issue for MNO and OEM, which also drives up OPEX / CAPEX costs. In order to enable the efficient transfer of device configuration from mobile network to the UE in 5G, it is proposed to add the procedure for IMS device configuration via control plane.
In summary, there are two alternatives for initial device configuration:

-  Alternative 1: Device configuration transfer via registration information flow.

-  Alternative 2: Device configuration transfer after third-party registration information flow.
And three alternatives for device configuration update:

-  Alternative 1: Device configuration update via subscription event.

-  Alternative 2: Device configuration update via re-registration information flow.

-  Alternative 3: Device configuration update via MESSAGE.
Based on the discussion above, it is proposed to store the device configuration data in AS and adopt Alternative 1 for initial device configuration; and proposed to adopt Alternative 1 for device configuration update / Alternative 2 as a complementary solution if immediate update is needed due to the consideration that most of the scenarios device configuration data doesn’t require immediate update.
A company CR for TS 23.228 TEI-16 is provided in S2-18xxxx.
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