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1. Introduction
<Introduction part (optional)>
2. Reason for Change
Provide some evaluation updates and conclusion for UDR Restoration in 3GPP TR 29.821.
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 29.821 v1.0.0.

* * * First Change * * * *
[bookmark: _Toc81736711]6.19	Solution#19: <S#19>Notification via UDM to Default Notification URIs 


* * * Next Changes * * * *
[bookmark: _Toc81736718][bookmark: _Toc39050173]7.1.1	Overview of the evaluation
Evaluation is performed per categorized procedure step as is shown below from a to f, which is not necessarily linked to categorization of key issues.
a)	Preparation of profile in NF
b)	Notification path from UDR to NF
c)	Notification content
d)	Synchronization trigger
e)	Synchronization procedure
f)	Other
Evaluation starts with an overview table summarizing characteristics of each solution and if it is compliant with architectural requirements, and then goes into detailed investigation of each categories.
Table 7.1-1: Solution characteristics and compliance to architectural requirements
	Solution No
	a)	Preparation
in profile in NF
	b)	Notification path from UDR to NF
	c)	Notification content
	d)	Synchronization trigger
	e)	Synchronization procedure
	f)	Other

	1 
Option A
	Stores UDR Id, registration time (NOTE 4)
	Via NRF to NF (NOTE 4)
	UDR Id, recovery time (NOTE 4)
	e.g. UE periodic registration.
	-
	-

	1 
Option B
	Stores registration time
	Direct to UDM, then via NRF to NF.
	SUPI range, partial recovery time (NOTE 5)
	The same above
	-
	-

	2
	(Sol#1)
	(Sol#1)
	(Sol#1)
	(Sol#1) + AMF event exposure (NOTE 3)
	-
	-

	3
	(Sol#1)
	(Sol#1)
	(Sol#1)
	(Sol#1) + AMF event exposure (NOTE 3)
	-
	-

	4
	(Sol#1)
	(Sol#1)
	(Sol#1)
	(Sol#1) + message from AMF to SMSF (NOTE 3)
	-
	-

	5
	-
	Via NRF to UDM. Then NF fetches from UDM. (NOTE 2)
	Partial update indicator, SUPI range/GPSI range, recovery time (NOTE 5)
	Local policy
	-
	NRF does not store partial update indicator in UDR/UDM NF profile.

	6
	(Sol#5)
	Via NRF to UDM, then via NRF to NF.
	(Sol#5)
	(Sol#5)
	-
	(Sol#5)

	7
	Stores last synchronization time
	Direct to UDM, then via NRF to NF
	impacted resource names, partialLastReplicationTime, and partialRecoveryTime
	Local policy
	Starts with the Update method not to create duplicated resources in UDR
	-

	8
	Stores Reset-ID
	Via NRF to NF (NOTE 4)
	Reset-ID
	Local policy
	-
	-

	9
	Stores (Reset-ID), last synchronization time
	Direct to UDM, then via NRF to NF
	Reset-ID or SUPI range, partialLastReplicationTime, and partialRecoveryTime
	Local policy
	-
	-

	10
	timestamp of last radio contact, registration time
	-
	-
	-
	Includes timestamp of last radio contact, registration time, or flag (UdrRestartInd) to avoid overwrite by an old NF.
	-

	11
	-
	-
	-
	-
	Includes flag (UdrRestartInd) to deal with AMF-AUSF race condition
	-

	12
	timestamp of authentication
	-
	-
	-
	Includes timestamp of authentication for AUSF recovery
	-

	13
	(Sol#7)
	Direct to UDM (based on implicit subscription), then via NRF to NF
	(Sol#7)
	(Sol#7)
	(Sol#7)
	-

	14
	-
	-
	-
	Local policy, in the end, UE periodic registration
	Defers AMF registration to deal with AMF-AUSF race condition
	

	15
	-
	Via NRF to NF
(NOTE 4)
	-
	-
	-
	-

	16
	-
	Direct to UDM, then via NRF to NF
	-
	-
	-
	-

	17
	-
	Via a new NRF service to NF
	-
	-
	-
	-

	18
	-
	Via a new NF (i.e. DRNF) to NF
	-
	-
	-
	-

	19
	-
	Via UDM
	Identification of the time period where there may be data inconsistencies, (optional) affected subscriber ids
	UE activity
	-
	-

	NOTE 1: Hatched cells are not compliant with one of architectural requirements.
NOTE 2: A notification mechanism that relies on NF initiating to fetch (e.g. Sol#5) does not satisfy a requirement "The impact to user experience due to corruption of profiles stored at UDR shall be avoided", when NF is e.g. SMF or SMSF. SMF/SMSF does not get a trigger for synchronization for long.
NOTE 3: Synchronization trigger based on AMF (e.g. Sol#2, 3, 4) does not satisfy a requirement "Burst signaling due to restoration of profiles shall be minimal" with regards to AMF.
NOTE 4: Visibility of UDR to e.g. AMF (e.g. Sol#1A, 8) does not satisfy a requirement "All communication between UDR and serving NFs, e.g. AMF, SMF and SMSF, are always via UDM."
NOTE 5: Using only SUPI range/GPSI range to identify impacted parts does not allow treating e.g. subscription to notifications from UDM to AMF/SMF/SMSF w.r.t. shared data change.



[bookmark: _Toc81736724]* * * Next Change * * * *
7.1.7	Other
Following is the evaluation for "f. Other":
-	Sol#19 provide following advantages:
-	This solution is valid for a deployment with a monolithic UDM.
-	This solution warranties that only direct consumers of UDR (i.e., UDM, PCF and NEF) are able to receive information about the "Potential UDR Data Inconsistency". In other solutions, this principle is not respected, so an e.g., AMF may receive information about UDR and is forced to interpret that, when the AMF should not know anything about UDR since it does not consume any UDR service.
-	A disadvantage of Sol#19 is that, to address roaming cases, this solution requires the UDM to setup and maintain in local non-volatile memory a dynamic list of "service consumers to be restored", e.g., AMFs/SMFs/SMSFs that have registered and NFs that have subscribed to data change notifications or event occurrence notifications. Sharing this list across UDM instances of a UDM set/group may require the use of a UDSF or other implementation-dependent replication technique.
-	A disadvantage of Sol#17 and Sol#18 is that they require substantial amount of signaling as a constant preventive step that increase complexity and load unnecessarily, to potentially cover an event that is expected to be exceptionally rare (e.g. less than once a year). For example, Sol#18 requires to register (as well as unregister when there are no more subscribers in that serving node) all the serving nodes in both H-PLMN and V-PLMN and keep this as persistent information in the DRNF (that needs to survive failures).
-	A disadvantage of Sol#18 is that it requires that each serving node discovers the DRNF that corresponds to each NF producer, even potentially per UE (it is unclear which data should be used for such discovery; it could be the UE ID, the UE Routing ID, the UDM Group ID, the UE Reset ID…, but in principle it is expected to have a similar complexity and variability as a UDM discovery, for a given UE). It is unclear how the DRNF is deployed in the network, and whether this may be partitioned. As well, the DRNF has to register in the NRF considering the NFs and/or subscribers it serves, leading to a non-trivial configuration of their NF Profiles.
-	A disadvantage of Sol#18 is that it requires a robustness solution for the new DRNF, rather that basing the solution on existing NFs.

* * * Next Change * * * *
8.x	Conclusion of Solutions for Key Issue#6
It is recommended to adopt solution#19 (Notification via UDM) as basis for normative work. 
Some of the main advantages of this solution are as follows:
· It is based on the existing SBA architecture as long as it does not require:
-	The need to modify the NF producer profiles with Restoration information nor the extension of NRF services to support a functionality that does not belong to the role of the NRF in the network. 
-	Neither a new NF nor new services but makes use of existing mechanisms. This solution minimizes the number of elements in the network that are required to be impacted, that is, only the NF consumers that need to receive the notification as well as the notification senders.
· This solution only requires extra signalling and processing when the abnormal situation (potential data inconsistency in UDR) has occurred and restoration is required, on the contrary with other that require extra execution as a preventive step that loads constantly the network unnecessarily.
· This solution defines a direct path from the UDR to its consumers (UDM, PCF, NEF), and similarly from UDM to its consumers (AMF, SMF, SMSF, NEF). Then, the fact that the NF consumers receive directly the indication of "Potential UDR Data Inconsistency" has the advantage that these elements are the ones that has the knowledge to react upon, without the intervention of any other intermediate elements (e.g., NRF).
· All of the above determines this solution is robust and simple, while other solutions like Sol#17 and 18 would be clearly more costly.

* * * End of Changes * * * *
