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Abstract of the contribution: This paper would like to merge the solutions for registration area allocation and propose to adopt the merged solution as the way forward.
1.	Discussion
This document proposes to merge the solutions for registration area allocation and adopt the merged solution as the way forward. 

* * * Start of Changes * * * 
[bookmark: _Toc529000805][bookmark: _Toc529000845][bookmark: _Toc508717942]5.2.9	Key Issue 9: Customizing mobility management based on NWDAF output
[bookmark: _Toc529000806]5.2.9.1	Description
As introduced in the investigated use case 4, diverse service scenarios in 5G will introduce different requirements on mobility support, which requires on demand mobility management in 5G network, i.e. the 5G network should apply customized mobility management for UEs with different mobility and/or different usage patterns.
In this key issue, it is supposed that the NWDAF can provide UE mobility related analytical report based on analysis on historical UE location, UE mobility behaviours and so on. Then, it will be feasible for the 5GC to use the NWDAF analytical results on a UE to customize the mobility management applied to the UE.
In order to support customizing mobility management based on NWDAF output, following issues are required to be investigated:
-	What analytical results can be provided by the NWDAF for per UE mobility management optimization and what information is provided to the NWDAF (i.e. what information from the relevant 5GS NF(s) and/or OAM and/or the other AF(s) is provided to the NWDAF)?
NOTE:	This key issue is to discuss and list the potential information for the support of providing mobility related analytical report while data collection framework and how NWDAF collects the data is to be addressed by Key Issue 3: Interactions with 5GS NFs/AFs for Data Collection and/or Key Issue 4: Interactions with OAM for Data Collection and Data Analytics Exposure.
-	Which network function(s) can directly interact with the NWDA to retrieve/receive the analytical results?
-	Potential areas of investigation for customized mobility management are: registration area allocation, paging handling, mobility restriction area handling, NAS signalling connection management, periodic registration timer handling, handover decisions, overload avoidance, RFSP index change.
[bookmark: _Toc529000807]5.2.9.2	Requirements
Editor's note:	This clause provides the requirements the solutions to this key issue need to address.
The NWDAF shall collect the data related to UE mobility from the OAM and/or 5G NF(s).
The NWDAF shall provide the mobility analytic and/or prediction information for a UE to the requested 5G NF(s).

* * * Next Change * * * 
6.4	Solution 4: Optimizing registration area management based on NWDAF output
[bookmark: _Toc529000846]6.4.1	Description
Editor's note:	Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow, etc.
[bookmark: _Toc529000847]6.4.1.1	General
As there is a trade-off between the number of Registration Area Update and the load of paging signalling, the 5GC needs to allocate a suitable Registration Area to the UE. In order to allocate a suitable Registration Area, it is important for the AMF to take UE mobility information into account.
In current carrier networks, the operators have already been able to collect network data such as UE mobility information via from OAM, 5GC and/or application server(s), thus it is possible for network operator to mine their network data for system optimization. In this solution, if the NWDAF can obtain historical UE mobility information, the NWDAF can learn UE mobility history and discover the laws/patterns of UE mobility. If any law/pattern of the UE mobility is found, the NWDAF can provide the analytical result to the 5GC. The analytical result on UE mobility contains:
-	A cell/TA list or a geographical area which the UE might enter;
-	The time that the UE might enter the list of cells/TAs or the geographical area;
-	The duration time that the UE might stay in the list of cells/TAs or the geographical area.
NOTE 1:	How the NWDAF performs data analysis is out of 3GPP scope.
NOTE 2:	In this solution the NWDAF provides output to PCF and the PCF provides recommended actions, so it is a two steps approach to provide analytics to the consumer, in this case, the consumer is the AMF. In addition, recommendations are stored in UDR.
The analyzedanalysed UE mobility information is provided from the NWDAF to the PCF or AMF based on the request or the subscription from the consumer NF(s). 
PCF stores such information, and may make a second round analysis, for example, the PCF can extract some adjacent TAs that the UE frequently moved into and stayed for quite a long time, and consider them as a recommended Registration Area, because the probability of UE moving outside these TAs is very low. The recommended Registration Area consists of a list of TA. The PCF needs to include the UE mobility information and/or the analyzed information in the Access and Mobility Policy and send to the AMF.If the PCF was requested by the AMF to adjust Service area restrictions for the UE, the PCF takes the mobility analytic/prediction information into account to adjust the Service area restriction. Further, the PCF includes the mobility analytic/prediction information and/or the adjusted UE Service area restriction in the Access and Mobility Policy and send to the AMF.
If the AMF receives the mobility analytic/prediction information, the AMF uses the Mobility analytic/prediction information for the UE as an input to optimize UE mobility management, e.g. registration area determination, paging area determination.
If the AMF detects the UE is located in the TA within a recommended Registration Area, then the AMF should allocate the recommended Registration Area to the UE as the Registration Area.
Moreover, even the recommended Registration Area is allocated to the UE, the AMF may detect that the UE stays in some cells for a long time based on the received UE mobility information. In this case, the AMF can page UE in those cells first, if the paging failure, the AMF then pages the UE in the whole Registration Area.
[bookmark: _Toc529000848]6.4.1.2	Procedures
The provision of UE mobility information from the NWDAF to the AMF is shown in the Figure below.



Figure 6.4.1.2-1: Procedure of using NWDAF out to optimize Registration Area allocation
[bookmark: _GoBack]1-2.	As specified in the current specification TS 23.502, during the initial registration or mobility registration with AMF change, the AMF serving the UE contacts the PCF by initiating Policy Association Establishment procedure. The AMF may provide Service area restriction information for the UE to the PCF for Service area restriction adjustment.
3.	The PCF, based on local policies, requests NWDAF to provide mobility analytic information for the UE, using either Nnwdaf_Analytics_Info or Nnwdaf_EventsSubscription service. 
4.	The NWDAF collects UE mobility history information from, e.g. OAM, and performs data analysis. The analytical result on UE mobility, e.g. UE mobility pattern, is provided to the PCF. The analytical result contains mobility analytic/prediction information for the UE.NOTE:	The trigger of the data analysis would be based on the NF's request or subscription which is not shown in the figure.
2.	The PCF stores the received UE mobility information.
	Based on the UE mobility information, the PCF may select some groups of TAs where the UE has frequent visit and stayed for a long time, and consider each group of TAs as a recommended Registration Area. The PCF also stores the recommended Registration Areas in to the UDR.
5.	If the PCF was requested to adjust Service area restriction for the UE, based on the UE mobility information and local policies, the PCF adjust Service area restrictions for the UE. 3.	As specified in the current specification TS 23.502, during the initial registration or mobility registration with AMF change, the AMF serving the UE contacts the PCF by initiating Policy Association Establishment procedure, and then the PCF provides Access and Mobility policy to the AMF in the response message.
46.	The PCF includes the predictable UE mobility information and/or recommended Registration Area(s) in to the Access and Mobility policy, and send it to the AMF.The PCF provides the AMF with the Access and mobility related policy control information which may include the adjusted Service area restrictions and mobility analytic/prediction information for the UE.
7.	If the AMF has no Mobility analytic/prediction information for the UE (e.g. the PCF doesn’t provide Mobility analytic/prediction information for the UE), based on local policies, the AMF performs service discovery to determine which NWDAF instance can provide the required information. The NRF returns the selected NWDAF instance to the AMF.
8.	The AMF requests the selected NWDAF for mobility information for the UE, using either Nnwdaf_AnalyticsInfo or Nnwdaf_EventsSubscription service. The AMF can request for mobility analytics or predictions or for both.
9.	The NWDAF provide requested Mobility analytic/prediction information for the UE to the AMF.
105.	The AMF allocates Registration Area to the UE based on the received UE mobility information and/or recommended Registration Area(s). If the UE is located in a TA within any recommended Registration Area, the AMF should allocate the recommended Registration Area to the UE as the Registration Area..
NOTE:	The AMF logic for deriving registration area is out of scope of 3GPP. 
611.	The AMF provide the allocated Registration Area to the UE.
7.	In the following mobility registration update procedure, if the AMF detects that the UE is located in the TA within a recommended Registration Area, the AMF should also allocate the recommended Registration Area as the Registration Area.
812.	If the AMF detects that the UE stays in some cells for a long time based on the predictable UE mobility information, the AMF pages UE in those cells first, if the paging failure, the AMF then pages the UE in the whole Registration Area.
[bookmark: _Toc529000849]6.4.2	Impacts on Existing Nodes and Functionality
Editor's note:	Capture impacts on existing 3GPP nodes and functional elements.
In this solution, the NWDAF provides output to PCF and the PCF provides recommended actions, so it is a two steps approach to provide analytics to the consumer.
AMF impacts:
1.	Requests for Mobility analytic/prediction information for the UE from the NWDAF.
PCF impacts:
1.	Requests for Mobility analytic/prediction information for the UE from the NWDAF.
2.	Determine the Service area restrictions for the UE based on Mobility analytic/prediction information for the UE received from the NWDAF.
NWDAF impacts:
1.	Collects UE mobility information from OAM, AMF and/or Application server(s).
2.	Provides UE mobility analytic/predication information.
[bookmark: _Toc529000850]6.4.3	Solution Evaluation
Editor's note:	Use this clause for evaluation at solution level.
This solution allows the AMF to optimize registration area allocation and paging handling, and the PCF to adjust service area restriction adjustment based on mobility analytic/prediction information for the UE from the NWDAF. 
The mobility analytic/prediction information from the NWDAF reveals how often a UE moves into an area and how long time the UE stays in that area, it is feasible to use such NWDAF output to identify appropriate registration areas with minimized frequency of mobility registration. Furthermore, such mobility analytic/prediction information for the UE is also useful to adjust the service area restriction, e.g. to define a precise Allowed/non-Allowed area, which could enhance user’s experiences. 
In Rel 15, the PCF is able to adjust service area restrictions and the interface between PCF and NWDAF has been supported, therefore, the solution enhancing the PCF to adjust service area restriction for the UE based on the Mobility analytic/prediction information for the UE from the NWDAF has good backward compatibility and minimized system impacts.
If the AMF doesn’t receive Mobility analytic/prediction information for the UE from the PCF during the Policy Association Establishment procedure due to, e.g. the PCF is not enhanced, the AMF is still allowed to request for Mobility analytic/prediction information for the UE from the NWDAF. In this case, if the AMF serving the UE is changed, the new AMF needs to re-analyse UE mobility information for registration area allocation. 
* * * End of Changes * * * 
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