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Abstract of the contribution: Proposal for architectural alternatives, which provide means to re-select the best suited S-SCSF (with regard to S-CSCF availability, supported S-CSCF capabilities, S-CSCF load) when the UE re-registers.
1. Introduction
SA2#69 agreed to add to the problem description in TR 23.812 section 4.2.1.3 the cases where a sub-optimal S-CSCF (with regard to capabilities) has been selected by an I-CSCF due to the fact that the most preferred S-CSCF was not available (or highly loaded). Even when the most preferred S-CSCF becomes available again, the UE will be served by the less preferred S-CSCF potentially for long time. 
This contribution outlines several alternatives to solve this problem by providing means to re-select the S-CSCF at UE re-registration.
2. Proposal

5.x Architectural Alternatives to detect whether S-CSCF re-selection should be triggered
5.x.1
Architectural Details for the Detection Mechanism 1
This architectural alternative adds additional functionality (compared to Rel-8) to the I-CSCF. Message contents of SIP or Cx messages are not modified.

At UE re-registration, when the I-CSCF receives the currently assigned S-CSCF name within Cx-UAA, it may decide to check whether the currently assigned S-CSCF is the most preferred S-CSCF for the UE based on capabilities. If so, the I-CSCF sends another Cx-UAR command to the HSS, explicitly requesting capabilities. When receiving the response Cx-UAA from the HSS containing capabilities, the I-CSCF calculates the best suited S-CSCF based on capabilities, compares it with the currently assigned S-CSCF, and if different, checks whether it is available (and not highly loaded). If so, the I-CSCF may trigger S-CSCF re-selection as described in section 5.y.
5.x.2
Information Flow for Detection Mechanism 1
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1. – 3. Existing Rel-8 procedures are followed.
4. When the I-CSCF receives the current S-CSCF name within Cx-UAA it may decide to check whether the currently assigned S-CSCF is not the preferred S-CSCF. If I-CSCF decides not to check, existing Rel-8 procedure is followed; re-selection is not performed. If I-CSCF decides to check; the procedure is continued with step 5.

5. I-CSCF explicitly requests capabilities from the HSS by sending a second Cx-UAR command. Note that parameters in Cx-UAR to explicitly request capabilities were already defined in Rel-8.
6. Capabilities are returned from the HSS (existing Rel-8 procedure).

7. The I-CSCF calculates the best suited S-CSCF based on the received capabilities. If the best suited S-CSCF is the currently assigned S-CSCF (i.e. S-CSCF 2) or the best suited S-CSCF is currently not available, existing Rel-8 procedure is followed. If the best suited S-CSCF is different from the currently assigned S-CSCF and is available, the I-CSCF triggers S-CSCF re-selection as shown in section 5.y.
5.x.3
Architectural Details for the Detection Mechanism 2
This architectural alternative adds additional functionality (compared to Rel-8) to the I-CSCF and the HSS. It extends Message content of Cx-UAR to allow requesting both together, the current S-CSCF name and the capabilities.
At UE re-registration, when the I-CSCF receives the SIP REGISTER message, the I-CSCF may decide to check whether the currently assigned S-CSCF (if any) is the most preferred S-CSCF for the UE based on capabilities. If so, the I-CSCF sends Cx-UAR command to the HSS, indicating that the HSS, when it returns the current S-CSCF name shall in addition also return capabilities. When receiving the response Cx-UAA from the HSS containing the current S-CSCF name and the capabilities, the I-CSCF calculates the best suited S-CSCF based on the capabilities, compares it with the currently assigned S-CSCF, and – if different – checks whether it is available (and not highly loaded). If so, the I-CSCF may trigger S-CSCF re-selection as described in section 5.y.

5.x.4
Information Flow for Detection Mechanism 2
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1. I-CSCF receives SIP REGISTER.
2. I-CSCF may decide to check whether the currently assigned S-CSCF (if any) is not the preferred S-CSCF. If it decides not to do so, existing Rel-8 procedure is followed (not shown in the figure); re-selection will not be done. If it decides to perform the check, the procedure is continued with step 3.

3. I-CSCF indicates to the HSS by means of a new parameter within Cx-UAR that S-CSCF name (if any) and capabilities are requested.

4. If the HSS does not support the new indication in Cx-UAR, the new indication is ignored and the HSS follows existing Rel-8 procedure (not shown in the figure). In this case the I-CSCF may fall back to detection mechanism 1 (see 5.x.2) step 5. Otherwise the procedure is continued with step 5. 
5. HSS returns the currently assigned S-CSCF name (S-CSCF 2) and capabilities to the I-CSCF.
6. The I-CSCF calculates the best suited S-CSCF based on the received capabilities. If the best suited S-CSCF is the currently assigned S-CSCF (S-CSCF 2) or the best suited S-CSCF is currently not available, existing Rel-8 procedure is followed (not shown in the figure). If the best suited S-CSCF is different from the currently assigned S-CSCF and it is available, the I-CSCF triggers S-CSCF re-selection as shown in section 5.y.

5.x.5
Architectural Details for the Detection Mechanism 3
This architectural alternative adds additional functionality (compared toRel-8) to the I-CSCF, the HSS, and the S-CSCF. It extends the SIP REGISTER message sent from I-CSCF to S-CSCF and the Cx-SAR command sent from S-CSCF to HSS.

A preparation step is performed at initial registration; when the I-CSCF selects a S-CSCF that is not the preferred S-CSCF (e.g. because the preferred S-CSCF is not available or highly loaded), the I-CSCF indicates to the selected (but not preferred) S-CSCF that a better S-CSCF may become available later. The S-CSCF forwards this information with Cx-SAR to the HSS which stores the information against the current S-CSCF name.

The actual detection step is then triggered by the HSS which - based on the stored information ("better S-CSCF may become available") – returns current S-CSCF name and additionally capabilities within Cx-UAA after receiving Cx-UAR from the I-CSCF. I-CSCF then may calculate the best suited S-CSCF based on capabilities and checks whether it is available (and not highly loaded). If so, the I-CSCF may trigger S-CSCF re-selection as described in section 5.y.

5.x.6
Information Flow for Detection Mechanism 3 (preparation step)
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1.- 3. Existing Rel-8 procedures are followed.
4. I-CSCF selects a less preferred S-CSCF (e.g. because the preferred S-CSCF is mot available or highly loaded).

5. I-CSCF indicates to the less preferred but selected S-CSCF that a better S-CSCF may become available later.
6. – 13. Existing Rel-8 procedures are followed. Note that in step 11 the HSS has not yet stored the information that a better S-CSCF may become available later and therefore does not return capabilities in addition to the S-CSCF name in step 12 (see 5.x.7 step 4).
14. Based on the received information in step 5 the S-CSCF forwards this information in Cx-SAR to the HSS.
15. The HSS stores the information "better S-CSCF may become available later" against the S-CSCF name.
16.- 18. Existing Rel-8 procedures are followed.
5.x.7
Information Flow for Detection Mechanism 3 (actual detection step)
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1.- 2. Existing Rel-8 procedures are followed.
3. The HSS detects that it has stored the information "better S-CSCF may become available later" against the current S-CSCF.
4. The HSS returns capabilities in addition to the current S-CSCF name to the I-CSCF.
5. The I-CSCF, when receiving the current S-CSCF name and in addition also the capabilities, calculates the best suited S-CSCF based on the received capabilities. If the best suited S-CSCF is currently not available, existing Rel-8 procedure is followed (not shown in the figure). If the best suited S-CSCF is available, the I-CSCF triggers S-CSCF re-selection as shown in section 5.y.

5.y Architectural Alternatives to re-select the S-CSCF
5.y.1
Architectural Details for the Re-Selection Mechanism 1
This architectural alternative adds additional functionality (compared to Rel-8) to the I-CSCF. Message contents of SIP or Cx messages are not modified.

When the decision to try S-CSCF re-selection is taken by the I-CSCF (see section 5.x) the I-CSCF forwards the SIP REGISTER message to the preferred S-CSCF rather than to the currently selected S-CSCF. Existing Rel-8 procedures then result in changing the S-CSCF. Active sessions, however, will be terminated.
5.y.2
Information Flow for Re-Selection Mechanism 1
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1. The I-CSCF sends SIP REGISTER to the preferred and available, but currently not assigned S-CSCF (S-CSCF 1)

2. – 15. Existing Rel-8 procedures are followed.
5.y.3
Architectural Details for the Re-Selection Mechanism 2
This architectural alternative adds additional functionality (compared to Rel-8) to the I-CSCF, the HSS, and the S-CSCF. In addition it extends the SIP REGISTER message sent from I-CSCF to S-CSCF and the SIP 480 message sent from S-CSCF to I-CSCF.

Message contents of messages via Cx are not modified.

When the decision to try S-CSCF re-selection is taken by the I-CSCF (see section 5.x) the I-CSCF forwards the SIP REGISTER message to the currently selected S-CSCF. An new (compared with Rel-8) indication within the REGISTER message asks the S-CSCF to reject the REGISTER message, if there are no active services (e.g. sessions or subscriptions) for the UE (or any other UE within the user’s subscription). If there are no active services, the S-CSCF returns a 480 message to the I-CSCF. I-CSCF then sends a REGISTER message to the preferred S-CSCF. Existing Rel-8 procedures then results in re-assignment of the S-CSCF. Active sessions will not be terminated, because there are no active sessions.

5.y.4
Information Flow for Re-Selection Mechanism 2
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1. The I-CSCF sends SIP REGISTER with a new indication "reject if idle" to the assigned but less preferred S-CSCF (S-CSCF 2)

2. The S-CSCF 2 checks whether there are active services for any UE of the subscription. If there are active services (not shown in the figure) S-CSCF 2 continues according to existing Rel-8 procedures; S-CSCF re-assignment is not performed (delayed to next re-registration).

3. If there are no active services, S-CSCF 2 returns a 480 message to the I-CSCF indicating that S-CSCF re-assignment may be performed.
4. I-CSCF sends SIP REGISTER to the preferred S-CSCF (S-CSCF 1).

5. – 18. Existing Rel-8 procedures are followed and S-CSCF is changed.
5.y.5
Architectural Details for the Re-Selection Mechanism 3
This architectural alternative adds additional functionality (compared to Rel-8) to the I-CSCF, the HSS, and the S-CSCF. In addition it extends the SIP REGISTER message sent from I-CSCF to S-CSCF and the SIP 480 message sent from S-CSCF to I-CSCF.

Message contents of messages via Cx are not modified.

When the decision to try S-CSCF re-selection is taken by the I-CSCF (see section 5.x) the I-CSCF forwards the SIP REGISTER message to the currently selected S-CSCF. An new (compared with Rel-8) indication within the REGISTER message asks the S-CSCF to reject the REGISTER message, if there are no active services (e.g. sessions or subscriptions) for the UE (or any other UE within the user’s subscription). If there are no active services, the S-CSCF returns a 480 message to the I-CSCF and de-registers the user by sending SAR to the HSS. I-CSCF then sends a REGISTER message to the preferred S-CSCF. Existing Rel-8 procedures then results in re-assignment of the S-CSCF. Active sessions will not be terminated, because there are no active sessions.

5.y.6
Information Flow for Re-Selection Mechanism 3
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1. The I-CSCF sends SIP REGISTER with a new indication "reject if idle" to the assigned but less preferred S-CSCF (S-CSCF 2)

2. The S-CSCF 2 checks whether there are active services for any UE of the subscription. If there are active services (not shown in the figure) S-CSCF 2 continues according to existing Rel-8 procedures; S-CSCF re-assignment is not performed (delayed to next re-registration).

3. – 4. If there are no active services, S-CSCF 2 de-registers the user.

5. S-CSCF 2 returns a 480 message to the I-CSCF indicating that S-CSCF re-assignment shall be performed.

6. I-CSCF sends SIP REGISTER to the preferred S-CSCF (S-CSCF 1).

7. – 18 Existing Rel-8 procedures are followed and S-CSCF is changed.
3. Conclusion

The above alternatives to allow S-CSCF re-selection during the re-registration procedure should be added to TR 23.812.
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