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1. Introduction
This pCR proposes to introduce solutions for the Study on Restoration of Profiles related to UDR. Those solutions combined constitute technically the same solution as proposed in C4-205420, C4-205421, and C4-205422 at CT4#101e.
2. Reason for Change
This pCR introduces solution for the Study of Restoration of Profiles related to UDR.
The proposal consists of 4 solutions, (1) restoration for AMF, (2) restoration for AMF and SMF with event exposure, (3) restoration for AMF and SMSF with event exposure, and (4) restoration for AMF and SMSF without event exposure.
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 29.821 v0.0.0.

* * * First Change * * * *
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6.1.1	Description
This solution addresses key issue#1 and allows a graceful restoration (i.e. signaling load for restoration is spread), which is not possible with existing specification. This solution has no interface impact.
UDR triggers restoration. AMF identifies synchronization targets (w.r.t UE). Synchronization timings are spread depending on UE's access to the network.
6.1.2	Procedures
6.1.2.1		Restoration Indicator in AMF
A restoration indicator is provided in AMF for each SUPI record: "Location Information Confirmed (or Not Confirmed) in UDR". This indicator is associated with the registration time and an NF instance Id of UDR, and indicates whether the UDR's record of the AMF address for the UE is confirmed by the radio contact.
The indicator shall be set to "Not Confirmed" at any of the following events:
-	The AMF receives a Registration request for an UE for which the AMF has no SUPI record;
-	The AMF knows the associated UDR instance with which the UE is registered failed and restarted.
The indicator shall be set to "Confirmed" at the following event:
-	Successful completion of Nudm_UECM_Registration via UDM to UDR.
6.1.2.2		Registration of AMF to UDR
By receiving NFProfiles of UDRs from NRF, AMF ensures to have linkage of SUPI and the NF Instance ID of UDR that is supposed to store the SUPI's registration information. When AMF performs Nudm_UECM_Registration, the AMF stores association between SUPI, the UDR Instance ID, the registration time, and an indicator "Location Information Confirmed in UDR".
6.1.2.3		Restart of UDR
When the UDR fails and restarts after reloading data from its back-up, the UDR sends Nnrf_NFManagement_NFUpdate to NRF, setting the recovery time. Triggered by the change of the recovery time, the NRF sends Nnrf_NFManagement_NFStatusNotify to AMFs to notify the status of this restarted UDR. This causes each AMF to mark "Location Information Not Confirmed in UDR" for each UE context, if the UE context is associated with this restarted UDR and if the UE context has stored a registration time indicating the AMF registered to the UDR before the recovery time.
6.1.2.4		Procedure in AMF during Restoration
At the Registration procedure or after detection of any activity (either signalling or data) for a marked UE, the AMF performs Nudm_UECM_Registration via UDM to UDR. Optionally the AMF further performs Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR and Npcf_AMPolicyControl_Create and Npcf_UEPolicyControl_Create via PCR to UDR. Those operations may be delayed by the AMF for a maximum operator-configuration-depending time period to avoid high signalling load.
6.1.3	Impacts on services, entities and interfaces
AMF: Internal logic is impacted.
6.2	Solution #2: Restoration for AMF and SMF with event exposure
6.2.1	Description
This solution addresses key issue#1 and key issue#2, and allows a graceful restoration (i.e. signaling load for restoration is spread), which is not possible with existing specification. This solution is a superset of Solution#1. A new event exposure from AMF to SMF is required.
UDR triggers restoration. AMF identifies synchronization targets (w.r.t UE). AMF triggers restoration for SMF. Synchronization timings are spread depending on UE's access to the network. Synchronization timings for AMF and for SMF for a particular UE are the same.
6.2.2	Procedures
6.2.2.1		Restoration Indicator in AMF
The same as in clause 6.1.2.1.
6.2.2.2		Event Exposure from AMF
An event exposure service is provided by AMF to NF consumers that have subscribed for the event "UDR-Restoration-Required". This event is detected when the AMF has performed Nudm_UECM_Registration triggered by the indicator "Location Information Not Confirmed in UDR" in the SUPI record.
6.2.2.3		Registration of AMF to UDR
The same as in clause 6.1.2.2.
6.2.2.4		Registration of SMF to UDR
When SMF performs Nudm_UECM_Registration, the SMF in parallel subscribes to the AMF to be notified of the event "UDR-Restoration-Required". The AMF stores the NF consumer that subscribes for the event and the arrival time of the subscription in each UE context.
6.2.2.5		Restart of UDR
When the UDR fails and restarts after reloading data from its back-up, the UDR sends Nnrf_NFManagement_NFUpdate to NRF, setting the recovery time. Triggered by the change of the recovery time, the NRF sends Nnrf_NFManagement_NFStatusNotify to AMFs to notify the status of this restarted UDR. This causes each AMF to mark "Location Information Not Confirmed in UDR" for each UE context, if the UE context is associated with this restarted UDR, and if the UE context has stored a registration time and subscription arrival time(s) indicating at least one of the AMF and the SMF(s) registered to the UDR before the recovery time.
6.2.2.6		Procedure in AMF and SMF during Restoration
At the Registration procedure or after detection of any activity (either signalling or data) for a marked UE, the AMF performs Nudm_UECM_Registration via UDM to UDR. The AMF invokes Namf_EventExposure_Notify to provide the event UDR-Restoration-Required to NF consumers (i.e. SMF(s)) that have subscribed for the event. Optionally the AMF further performs Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR and Npcf_AMPolicyControl_Create and Npcf_UEPolicyControl_Create via PCR to UDR. Those operations may be delayed by the AMF for a maximum operator-configuration-depending time period to avoid high signalling load.
Upon receiving the notification of the event, the SMF performs Nudm_UECM_Registration via UDM to UDR. Optionally the SMF further performs Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR and Npcf_SMPolicyControl_Create via PCR to UDR. Those operations may be delayed by the SMF for a maximum operator-configuration-depending time period to avoid high signalling load.
6.2.3	Impacts on services, entities and interfaces
AMF: Internal logic is impacted. A new event exposure is required.
SMF: Internal logic is impacted. A new subscription capability to a new event exposure provided by AMF is required.
6.3	Solution #3: Restoration for AMF and SMSF with event exposure
6.3.1	Description
This solution addresses key issue#1 and key issue3, and allows a graceful restoration (i.e. signaling load for restoration is spread), which is not possible with existing specification. This solution is a superset of Solution#1. A new event exposure, which is the same as in clause 6.2, from AMF to SMF is required.
UDR triggers restoration. AMF identifies synchronization targets (w.r.t UE). AMF triggers restoration for SMSF. Synchronization timings are spread depending on UE's access to the network. Synchronization timings for AMF and for SMSF for a particular UE are the same.
6.3.2	Procedures
6.3.2.1		Restoration Indicator in AMF
The same as in clause 6.1.2.1.
6.3.2.2		Event Exposure from AMF
The same as in clause 6.2.2.2.

6.3.2.3		Registration of AMF to UDR
The same as in clause 6.1.2.2.
6.3.2.4		Registration of SMSF to UDR
When SMSF performs Nudm_UECM_Registration, the SMSF in parallel subscribes to the AMF to be notified of the event "UDR-Restoration-Required". The AMF stores the NF consumer that subscribes for the event and the arrival time of the subscription in each UE context.
6.3.2.5		Restart of UDR
When the UDR fails and restarts after reloading data from its back-up, the UDR sends Nnrf_NFManagement_NFUpdate to NRF, setting the recovery time. Triggered by the change of the recovery time, the NRF sends Nnrf_NFManagement_NFStatusNotify to AMFs to notify the status of this restarted UDR. This causes each AMF to mark "Location Information Not Confirmed in UDR" for each UE context, if the UE context is associated with this restarted UDR, and if the UE context has stored a registration time and subscription arrival time(s) indicating at least one of the AMF and the SMSF registered to the UDR before the recovery time.
6.3.2.6		Procedure in AMF and SMSF during Restoration
At the Registration procedure or after detection of any activity (either signalling or data) for a marked UE, the AMF performs Nudm_UECM_Registration via UDM to UDR. The AMF invokes Namf_EventExposure_Notify to provide the event UDR-Restoration-Required to NF consumers (i.e. SMSF) that have subscribed for the event. Optionally the AMF further performs Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR and Npcf_AMPolicyControl_Create and Npcf_UEPolicyControl_Create via PCR to UDR. Those operations may be delayed by the AMF for a maximum operator-configuration-depending time period to avoid high signalling load.
Upon receiving the notification of the event, the SMSF performs Nudm_UECM_Registration and optionally Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR. Those operations may be delayed by the SMSF for a maximum operator-configuration-depending time period to avoid high signalling load.
6.3.3	Impacts on services, entities and interfaces
AMF: Internal logic is impacted. A new event exposure is required.
SMSF: Internal logic is impacted. A new subscription capability to a new event exposure provided by AMF is required.
6.4	Solution #4: Restoration for AMF and SMSF without event exposure
6.4.1	Description
This solution addresses key issue#1 and key issue3, and allows a graceful restoration (i.e. signaling load for restoration is spread), which is not possible with existing specification. This solution is a superset of Solution#1. A new information element in a message from AMF to SMSF is required.
UDR triggers restoration. AMF identifies synchronization targets (w.r.t UE). AMF triggers restoration for SMSF. Synchronization timings are spread depending on UE's access to the network. Synchronization timings for AMF and for SMSF for a particular UE are the same.
6.4.2	Procedures
6.4.2.1		Restoration Indicator in AMF
The same as in clause 6.1.2.1.
6.4.2.2		Registration of AMF to UDR
The same as in clause 6.1.2.2.
6.4.2.3		Restart of UDR
The same as in clause 6.1.2.3.
6.4.2.4		Procedure in AMF and SMSF during Restoration
At the Registration procedure or after detection of any activity (either signalling or data) for a marked UE, the AMF performs Nudm_UECM_Registration via UDM to UDR. Optionally the AMF further performs Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR and Npcf_AMPolicyControl_Create and Npcf_UEPolicyControl_Create via PCR to UDR. Those operations may be delayed by the AMF for a maximum operator-configuration-depending time period to avoid high signalling load.
The AMF sends Nsmsf_SMService_Activate request to SMSF, including an indication to request the SMSF to assist restoration of UDR.
Triggered by the indication that requests assistance to UDR restoration, the SMSF performs Nudm_UECM_Registration and optionally Nudm_SDM_Get and Nudm_SDM_Subscribe via UDM to UDR. Those operations may be delayed by the SMSF for a maximum operator-configuration-depending time period to avoid high signalling load.
6.4.3	Impacts on services, entities and interfaces
AMF, SMSF: Internal logic is impacted. Nsmsf_SMService_Activate request has a new information element.
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