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1. Introduction

CN4 has identified a way to reduce the amount of the profile downloading needed in the Cx interface on their last meeting in the Fort Lauderdale [1]. Currently, our specifications do not give a detailed description on how and when the user profile is downloaded, and TS 23.228 makes impossible to perform full-scale optimization.

This paper tries to clarify this issue and provides an efficient mechanism to handle the user profile data in Cx interface which allows enough freedom for CN4 to optimize profile downloading.

2. Discussion

The current Stage 2 specification, TS 23.228, describes in general level in which case the user profile is downloaded to the S-CSCF. The following table lists these cases and when the user profile is removed from the S-CSCF. In addition, it describes when the S-CSCF name is stored in HSS.

Table 1. User profile downloading

Event 
S-CSCF 
HSS 

Initial registration 
User data downloaded over Cx and stored in S-CSCF.

If the data is available, i.e. MT for unregistered session then the download of data may not be needed. This is not clear in the specifications. 
The S-CSCF name is stored in the HSS.

Invitation
No need for downloading user data
The S-CSCF name is stored in the HSS.

Deregistration
User data is removed.


The S-CSCF name is cleared

MT session for unregistered subscriber
User data downloaded over Cx

A user data is stored until S-CSCF de-registers the user. This can be based on e.g. operator network engineering requirements.
The S-CSCF name is stored in the HSS. 

From the table, one can learn that whenever the user de-registers the user profile information is removed from the S-CSCF and the S-CSCF name is cleared from the HSS. On the other hand, it shows that the S-CSCF may keep the user profile in case the profile is downloaded in MT unregistered case. The time period can be decided by the operator based on e.g. its network engineering requirements. This allows minimizing the required profile downloadings. 

However, similar option is not allowed when the user is deregistered from the network. If the S-CSCF can keep the user profile information stored in the similar manner as in MT session for unregistered case it can significantly reduce the amount of data sent over the Cx interface. 

Furthermore, in case the registration overlaps with the period that S-CSCF stores the profile data in the MT unregistered state. In this case, the registration is directed to the S-CSCF, which is assigned to the user and holds the profile information. Therefore, HSS does not need to download data to the S-CSCF if the relevant information is already in the S-CSCF. However, at the moment the specifications, TS 23.228 and Cx specifications, do not clearly describe this.

Based on the discussion above it is concluded that a more accurate description of the user profile downloading is needed and that there are possibilities to a design solution, which significantly reduces the amount of user profile downloading required.

3.Detailed description on the profile downloading principles

This section addresses issues described in the section 2. The purpose is to describe in more detailed level how and when the user profile downloading.

The figure below shows the mobile initiated de-registration procedure. 
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Figure 1: De-registration - user currently registered

In order to allow similar possibilities for the operators to network engineer their systems as in MT session for unregistered case, the S-CSCF may send Cx-Put command including parameter, which indicates to the HSS, that it should keep the S-CSCF name for an deregistered subscriber stored instead of sending Cx-Put including a parameter, clear S-CSCF name, which clears the S-CSCF name from the HSS. This new parameter will cause that the HSS will keep the S-CSCF name stored for the subscriber and the S-CSCF keeps the user data information. The status of public identities will be changed to deregistered. 

Similar changes should be introduced in case of network initiated registration timeout.
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Figure 2: Network initiated application de-registration, registration timeout

In order to allow similar possibilities for the operators to network engineer their systems as in MT session for unregistered case and in case of the user de-registration shown in the figure 1, the S-CSCF may send Cx-Put command including parameter, which indicates to the HSS, that it should keep the S-CSCF name for an deregistered subscriber parameter instead of sending Cx-Put including a parameter, clear S-CSCF name, which clears the S-CSCF name from the HSS.

In addition, it should be allowed that whenever the S-CSCF stores the relevant information to serve the user, HSS shall omit the user profile download. For example, in the case the registration overlaps with the period that S-CSCF already stores the profile data when serving the user for the MT session in the unregistered state. HSS does not necessarily need to download data to the S-CSCF if the relevant information is already in the S-CSCF.
4. Impacts to stage 2 specifications

In this section we analyse the implication to the stage 2 specifications when the above-described principles are applied. 

It shows that the only implication is to add a new parameter to Cx-Put command, " keep S-CSCF name for an unregistered subscriber" when de-registering the user.

4.1 De-registration operation

When the user is de-registered the S-CSCF sends Cx-Put (public user identity, private user identity, clear S-CSCF name). This indicates to the HSS that the user data is not stored in the S-CSCF and the S-CSCF name can be removed. 

In case the user is de-registered and the S-CSCF will keep the user data stored, the S-CSCF sends Cx-Put (public user identity, private user identity, keep S-CSCF name for an unregistered subscriber). This indicates to the HSS that the user data is stored in the S-CSCF and the S-CSCF name is not removed.  

Conclusion: change is needed in subsections 5.3.1 and 5.3.2.1; i.e. a new parameter to Cx-Put.

4.2 Registration operation
In case of the initial registration and when there is S-CSCF for the unregistered user the HSS shall return the S-CSCF name. This is already specified in Cx-specs [2]. 

If there is not S-CSCF name stored in the HSS (i.e. no optimization in use or no ongoing session handling for unregistered subscriber). The HSS will respond with the required S-CSCF capabilities.

Conclusion: Alignment of specifications are needed. A clarifying text to 5.2.2.3 which states that the HSS shall send the S-CSCF name in Cx-Query response, if it is known by HSS.

4.3 Session termination to unregistered user operation

If the S-CSCF has previously sent Cx-Put with a new parameter, keep S-CSCF name for an unregistered subscriber, and the S-CSCF has the relevant user profile data stored then the Cx-Put and Cx-Pull can be omitted.

If the S-CSCF does not have the relevant user profile data it will downloaded from the HSS to the S-CSCF.

Conclusion: change is needed in subsection 5.12.1 to make Cx-Put optionally (Cx-Pull was already optional).
4.4 HSS operation

In case the user is deregistered, the S-CSCF name shall be stored in HSS if the S-CSCF indicates in the Cx-Put that that it will keep the user data. In this case, the HSS shall include the S-CSCF name into the answer message of the Cx-Query whenever it has an S-CSCF name stored.

4.5 S-CSCF operation

S-CSCF stores the user data if it sends the Cx-Put including the keep S-CSCF name for an unregistered subscriber parameter. 

5. Proposal
Based on the discussion in the paper, it is proposed: 

· to add a  new parameter, keep S-CSCF name for an unregistered subscriber, in the Cx-Put for allowing full scale optimization in stage 3. 

· to make corrections which were identified in sections 4.2 and 4.3. 
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