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1. Introduction
This pCR proposes to introduce a solution for the Study on Restoration of Profiles related to UDR.
2. Reason for Change
A unified solution is awaited. This pCR introduces such a solution.
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 29.821 v0.1.0.

[bookmark: _Hlk61529092]* * * First Change * * * *
[bookmark: _Toc63104920][bookmark: _Toc63665083]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: _GoBack][y]	3GPP TR 29.519: "5G System; Usage of the Unified Data Repository Service for Policy Data, Application Data and Structured Data for Exposure; Stage 3".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
It is preferred that the reference to 21.905 be the first in the list.
* * * Next Change * * * *
6.x	Solution#x: Unified solution
[bookmark: _Toc63665084]6.x.1	Introduction
This solution:
-	resolves key issues #1, #2, and #3 in a unified manner;
-	addresses all the front-ends of UDR (i.e. UDM, PCF, and NEF) and any NF that consumes services from those front-ends; and
-	complies with the requirement "All communication between UDR and serving NFs […] are always via UDM" and assumes equivalent requirements for PCF and NEF regarding resources defined in 3GPP TS 29.519 [y].
Under these principles, this solution has integrated and enhanced Solution 1~4 Option B and Solution 6 in the following aspects:
-	Regarding UDR recovery notification to UDM, Option B uses a direct, implementation-dependent message and Solution 6 uses specified messages via NRF. This solution proposes to specify a direct message. The same applies also to PCF and NEF.
-	Both Option B and Solution 6 use SUPI range and recoveryTime to limit impacted profiles. This solution uses "impacted resource names" instead of SUPI range, so that PCF/NEF case and/or non-per-UE profiles can be treated in a unified manner. In addition, this solution proposes to use lastReplicationTime, which indicates the timing that UDR replicates its profile therein to its back-up last time before the UDR failure. This allows NF to further limit impacted profiles and leads to less signaling traffic in the synchronization phase.
-	Option B proposes that AMF/SMF invokes synchronization also to PCF when AMF/SMF receives recovery notification (via NRF) from UDM. This solution proposes differently that NF invokes synchronization only to UDM when the NF receives recovery notification from UDM. Recovery notification from PCF triggers synchronization to PCF.
-	Option B proposes a new AMF event exposure to give synchronization triggers to SMF/SMSF. But this solution adopts Solution 6 and proposes that each NF sets synchronization timing locally by itself. AMF may use UE's periodic registration as the timing.
-	Option B describes messages to be invoked for synchronization. This solution corrects some of those messages, so that duplicated resources are not created in UDR as a consequence of synchronization, in case the related profile in UDR was not actually lost in the UDR failure.
[bookmark: _Toc63665085]6.x.2	Functional Description
6.x.2.1	Framework of the unified solution.
The solution is conducted with the following steps.
Step 1.	When UDR fails and restarts after reloading data from its back-up, the UDR sends its front-end (i.e. UDM, PCF, or NEF) a "UDR recovery message". This message contains a "scope" that this failure impacts on.
Step 2.	The frond-end reformats the message, names it as e.g. "UDM recovery message", and forwards it to NF that has accessed the front-end before.
Step 3.	The NF, taking into account the "scope" and local information, identifies profiles therein that require synchronization. The NF further identifies procedures that the NF needs to invoke for synchronization of each of those profiles.
Step 4.	The NF adjusts invocation timing of each of those procedures, in order not to cause congestion in the system. The NF invokes necessary procedures.
6.x.2.2	Concrete message and information element for each step in the above-mentioned framework
Following message and information elements for each steps are considered.
-	W.r.t step 1 "scope": The scope is defined as a combination of impacted resource names and an impacted period. The impacted period is represented as a pair of "lastReplicationTime" and recoveryTime.
NOTE:	How to aggregate multiple impacted resource names, e.g. which span a certain SUPI ranges, and express them efficiently in information element(s) is left to stage 3.
-	W.r.t. step 1 "UDR recovery message”: UDR has a resource under each of /subscription-data, /policy-data, /exposure-data, and /application-data to store restoration related information. This resource, being of format of scope, consists of impacted resource names, lastReplicationTime, and recoveryTime. A front-end sends UDR Nudr_DataRepository_Subscribe for data change notification for those resources. The front-end receives "UDR recovery message” as Nudr_DataRepository_Notify.
-	W.r.t. step 2 e.g. "UDM recovery message: NFProfile of a front-end has the scope information consisting of impacted resource names, "partialLastReplicationTime", and "partialRecoveryTime". NF sends NRF Nnrf_NFManagement_NFStatusSubscribe for front-ends. A front-end updates NRF on those scope information using Nnrf_NFManagement_NFUpdate. Then the NRF updates NF on those scope information using Nnrf_NFManagement_NFStatusNotify, which the NF takes as e.g. "UDM recovery message".
-	W.r.t. step 3 regarding identification of profiles that require synchronization: A profile in NF may set a "last synchronization time". The last synchronization time may be registrationTime in the case that the front-end is UDM, NF is AMF/SMF/SMSF, and the registrationTime is conveyed from UDM to AMF/SMF/SMSF at its registration. When NF finds that an impacted resource name in the scope matches a profile therein, and that the last synchronization time of the profile falls into the period between partialLastReplicationTime and partialRecoveryTime in the scope, then the NF judges that the profile requires synchronization.
-	W.r.t. step 3 regarding procedures that the NF needs to invoke for synchronization: NF judges such procedures based on impacted resource names in the scope.
-	The table below shows impacted resource names that UDR and each front-end can include in the scope, and procedures that each NF receiving this scope information needs to consider invoking for synchronization.
Table 6.x.2.2-1: Impacted resource names in the scope and procedures for synchronization
	
	UDM
	PCF
	NEF(NOTE)

	
	impacted resource name
	procedure
	impacted resource name
	procedure
	impacted resource name
	procedure

	AMF
	/nudm-uecm/v1/{ueId}
	Nudm_UECM_Registration
	/npcf-am-policy-control/v1/policies/{polAssoId}
	Npcf_AMPolicyControl_Update. If AMF receives an error response, the AMF sends Npcf_AMPolicyControl_Create
	N/A
	N/A

	
	/nudm-sdm/v2/{supi}
/nudm-sdm/v2/{ueId}
/nudm-sdm/v2/shared-data
/nudm-sdm/v2/shared-data-subscriptions/{subscriptionId}
/nudm-sdm/v2/group-data/group-identifiers
	Nudm_SDM_Get
Nudm_SDM_ModifySubscription. If AMF receives an error response, the AMF sends Nudm_SDM_Subscribe.
	/npcf-ue-policy-control/v1/policies/{polAssoId}
	Npcf_UEPolicyControl_Update. If AMF receives an error response, the AMF sends Npcf_UEPolicyControl_Create.
	
	

	SMF
	The same above
	The same above, except that AMF is to be replaced with SMF.
	/npcf-smpolicycontrol/v1/sm-policies/{smPolicyId}
	Npcf_SMPolicyControl_Update. If SMF receives an error response, the SMF sends Npcf_SMPolicyControl_Create
	N/A
	N/A

	SMSF
	The same above
	The same above, except that AMF is to be replaced with SMSF.
	N/A
	N/A
	N/A
	N/A

	GMLC
	N/A (NOTE: GMLC uses only the GET method for temporary information usage.)
	N/A
	N/A
	N/A
	N/A
	N/A

	(internal) AF
	N/A
	N/A
	/npcf-policyauthorization/v1/app-sessions/{appSessionId}
	Npcf_PolicyAuthorization_Update. If AF receives an error response, the AF sends Npcf_ PolicyAuthorization _Create.
	N/A
	N/A

	NEF
	/nudm-ee/v1/{ueIdentity}
	Nudm_EventExposure_ModifySubscription. If NEF receives an error response, the NEF sends Nudm_EventExposure_Subscribe
	The same above
	The same above, except that AF is to be replaced with NEF.
	N/A
	N/A

	
	/nudm-pp/v1/{ueId}
/nudm-pp/v1/5g-vn-groups/{extGroupId}
	Nudm_ParameterProvision_Update
Nudm_ParameterProvision_Create
Nudm_ParameterProvision_Delete
	
	
	
	

	IP-SM-GW
	FFS
	FFS
	N/A
	N/A
	N/A
	N/A

	NOTE: NEF acting as a front-end does not send "NEF recovery message" to external AF. The NEF itself invokes necessary procedures for synchronization based on the scope that the NEF receives from UDR, if the NEF has cashed profiles.


Editor's note: Procedures related to IP-SM-GW is FFS, awaiting progress of Rel-17 SMS_SBI.
-	W.r.t. step 4 regarding invocation timing: NF sets locally. AMF may use UE's periodic registration as the invocation timing.
[bookmark: _Toc63665118]6.x.3	Procedures

 Figure 6.x.3-1: Procedure for Unified solution
See clause 6.x.2 for explanation of each step.
6.x.4	Impacts on services, entities and interfaces
UDR: A new resource needs to be created under each of /subscription-data, /policy-data, /exposure-data, and /application-data. This resource consists of impacted resource names, lastReplicationTime, and recoveryTime.
UDM, PCF, NEF: NFProfile needs to have new information consisting of impacted resource names, partialLastReplicationTime, and partialRecoveryTime.
AMF/SMF/SMSF/(internal) AF/NEF/IP-SM-GW: Internal logic is impacted
Editor's note: Impact on IP-SM-GW needs to be checked according to outcome of Rel-17 SMS_SBI.

* * * End of Changes * * * *
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