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Abstract of the contribution: This paper proposes to add the new feature about NWADF-assisted mobility management customization into TS 23.288, related information and description are also given in this TS.
1. Discussion
As discussed and studied in TR 23.791, Solution 4, 22,  and 23 are selected as the concluded solution for KI 9:NWDAF-Assisted mobility management customization. This PCR proposes to add the new feature about NWADF-assisted mobility management customization into TS 23.288 as an implemention.
In addition, although solution 29 is selected as the basis for normative work on NWDAF assisted performance enhancement for the battery lifetime management of mIoT terminals, the main idea of this solution can also be used to optimize connection management for general UEs, so it is proposed that solution 29 is also included in this mobility management customization feature. 
2. Proposal
The following changes are proposed in TS 23.288.
[bookmark: _Toc517082226]* * * First change * * * *
[bookmark: _Toc534714490][bookmark: _Toc534280592][bookmark: _Toc532571723]7.X	NWDAF-Assisted Mobility Management Customization
Editor’s note: Describes requirements, procedures and related network functions for NWDAF-Assisted customizing mobility management
[bookmark: _Toc534714491]7.X.1	General Requirement Description
In order to provide customized mobility management in 5GS, NWDAF shall be able to perform big data analytics on  UE mobility, UE communication pattern etc., and provide the analysis results (e.g. UE mobility statistics or prediction) to the 5GC.
NWDAF supporting UE mobility statistics or predictions shall be able to collect UE mobility related information from 5GC, OAM and/or AFs.
NWDAF supporting UE communication pattern learning shall be able to collect UE communication description from AFs.
[bookmark: _Toc534714492]7.X.2	Information for support of NWDAF-Assisted Mobility Management Customization
The NWDAF supporting big data analysis on UE mobility and UE communication shall be able to collect UE mobility information and communication information from OAM, 5GC and AFs, and provide UE mobility analysis or predictions and UE communication pattern to comsumer NFs. 
7.x.2.1	Information collected by the NWDAF
The detailed information collected by the NWDAF could be MDT data from OAM, network data from 5GC and/or service data from AFs:
-	UE mobility information from OAM is MDT data;
-	Network data related to UE mobility from 5GC is defined in the table 7.x.2-1;
Table7.x.2-1: Network Data from 5GC related to UE mobility
	Information
	Presence
	Source
	Description

	UE ID
	M
	AMF
	IMSI

	UE positions (1..max)
	M
	AMF
	UE positions

	  >Timestamp
	M
	
	A time stamp associated to a UE location

	  >UE location
	M
	
	TA or cells that the UE stays

	  >Duration
	O
	
	The period that the UE in this location



-	Service data related to UE mobility provided by AFs is defined in the table 7.x.2-2;
Table7.x.2-2: Service Data from AF related to UE mobility
	Information
	Presence
	Source
	Description

	UE ID
	M
	AF
	Could be GPSI or external UE ID

	Application ID
	M
	AF
	Identifying the application providing this information

	UE trajectory (1..max)
	M
	AF
	UE historical or predicted positions

	  >Timestamp
	M
	
	A time stamp associated to a UE location

	  >UE location
	M
	
	UE geographical location

	  >Duration
	O
	
	The duration that the UE stays in this location



-	Service data related to UE communication description provided by AFs is defined in the table 7.x.2-3.
Table7.x.2-3: Service Data from AF related to UE communication
	Information
	Presence
	Source
	Description

	UE ID
	M
	AF
	Could be GPSI or external UE ID

	Application ID
	M
	AF
	Identifying the application providing this information

	UE communication (1..max)
	M
	AF
	Historical or predicted communication description

	  >communication start
	M
	
	A time that a communication starts 

	  >communication stop
	M
	
	A time that this communication stops

	  >periodic communication indicator
	O
	
	Identifies whether the communication with this application is periodical or not

	  >periodic time
	O
	
	Interval Time of periodic communication if this communication is periodical


[bookmark: _Toc534714493]7.x.2.2	Analytic results provided by the NWDAF
The analytic results provided by the NWDAF could be UE mobility statistics, UE mobility predictions and UE communication pattern predictions:
-	UE mobility statistics is defined in the table 7.x.2.2-1;
Table7.x.2.2-1: UE mobility statistics
	Information
	Description

	UE ID
	Internal UE ID

	UE location (1..max)
	

	  >UE location
	TA or cells which the UE stays

	  >Time slot
	Time slot that the UE moves to this location

	  >Average Duration
	Average time period that the UE stays in this location

	  >Frequncy
	Number of times that the UE moves to this location



-	UE mobility preditions is defined in the table 7.x.2.2-2;
Table7.x.2.2-1: UE mobility predictions
	Information
	Description

	UE ID
	Internal UE ID

	UE location (1..max)
	

	  >UE location
	TA or cells where the UE may move into

	  >Time slot
	Time slot within which the UE may move to this location

	  >Duration
	Time period that the UE may stay in this location

	  >Confidence
	Confidence of this prediction



-	UE communication patttern preditions is defined in the table 7.x.2.3-2;
Table7.x.2.2-1: UE communication pattern predictions
	Information
	Description

	UE ID
	Internal UE ID

	UE communications (1..max)
	

	  > Periodic communication indicator
	Identifies whether the UE communicates periodically or not

	  > Communication duration time
	Duration interval time of periodic communication

	  > Periodic time
	Interval Time of periodic communication

	  > Scheduled communication time
	Time zone and Day of the week when the UE may be available for communication

	  > Traffic Profile
	Identifies the traffic type: MO/MT, single packet or multiple packets, etc.

	  >Confidence
	Confidence of this prediction



7.X.3	Procedures to support NWDAF-Assisted Mobility Management Customization
Procedures of supporting NWDAF-assisted mobility management customization includes:
-	The procedure of optimizing registration area allocation;
-	The procedure of optimizing service area restriction adjustment;
-	The procedure of optimizing connection management.
7.X.3.1	The procedure of optimizing registration area allocation
Figure 7.x.3.1-1 shows the procedure of optimizing registration area allocation based on NWDAF output.


Figure 7.x.3.1-1: Optimizing registration area allocation based on NWDAF output
1.	The relevant steps of the registration procedure as specified in the figure above are executed.
2.	If the AMF supports registration area allocation optimization based on NWDAF output and the AMF has no valid UE mobility statistics and predictions, the AMF needs to consult NWDAF to obtain UE mobility statistics and predictions. In order to discover an appropriate NWDAF, the AMF may invoke Nnrf_NFDiscovery_Request of a configured NRF.
3.	The AMF sends the NWDAF a Nnwdaf_AnalyticsInfo_Request (UE ID,  Event ID) to request UE mobility statistics or predictions for one time report, or sends a Nnwdaf_EventsSubscription_Subscribe (UE ID, Event ID, Event Reporting Information) for continual event reports.
4.	The NWDAF responds the AMF with a Nnwdaf_AnalyticsInfo_Response or a Nnwdaf_EventsSubscription_Notify to provide UE mobility statistics or predictions.
If the NWDAF has no valid UE mobility statistics or predictions, the NWDAF responds the AMF with an appropriate cause, and performs data analysis on UE mobility. In this case, based on the susscription of the AMF, the NWDAF notifies the AMF of UE mobility statistics or predictions as specified in step 8 as long as it completes the data analysis on UE mobility.
5.	The relevant steps of the registration procedure as specified in the figure above are executed.
6.	If the AMF receives the UE mobility statistics or predictions from the NWDAF, the AMF utilizes the received UE mobility statistics or predictions to optimize registration area allocation for the UE, and includes the allocated registration area into the Registration Accept.
7.	The relevant steps of the registration procedure as specified in the figure above are executed.
8.	If the NWDAF was subscribed to provide UE mobility statistics or predictions, the NWDAF invokes Nnwdaf_EventsSubscription_Notify (UE mobility statistics or predictions) to notify the AMF of the new generated or updated UE mobility statistics or predictions.
7.X.3.2	The procedure of optimizing service area restriction adjustment
Figure 7.x.3.2-1 shows the procedure of optimizing service area restriction adjustment based on NWDAF output.


Figure 7.x.3.2-1: Optimizing registration area allocation based on NWDAF output
1.	The relevant steps of the registration procedure as specified in the figure above are executed.
2.	If the PCF supports optimizing service area restriction adjustment based on NWDAF output and the PCF has no valid UE mobility statistics and predictions, the PCF needs to consult NWDAF to obtain UE mobility statistics and predictions. In order to discover an appropriate NWDAF, the PCF may invoke Nnrf_NFDiscovery_Request of a configured NRF.
3.	The PCF sends the NWDAF a Nnwdaf_AnalyticsInfo_Request (UE ID,  Event ID) to request UE mobility statistics or predictions for one time report, or sends a Nnwdaf_EventsSubscription_Subscribe (UE ID, Event ID, Event Reporting Information) for continual event reports.
4.	The NWDAF responds the PCF with a Nnwdaf_AnalyticsInfo_Response or a Nnwdaf_EventsSubscription_Notify to provide UE mobility statistics or predictions.
If the NWDAF has no valid UE mobility statistics or predictions, the NWDAF responds the PCF with an appropriate cause, and performs data analysis on UE mobility. In this case, based on the susscription of the PCF, the NWDAF notifies the PCF of UE mobility statistics or predictions as specified in step 6 as long as it completes the data analysis on UE mobility.
5.	If the PCF receives the UE mobility statistics or predictions from the NWDAF, the PCF utilizes the received UE mobility statistics or predictions to optimize the service area restriction adjustment for the UE, and provides the adjusted service area restrictions to the AMF.
6.	The relevant steps of the registration procedure as specified in the figure above are executed.
7.	If the NWDAF was subscribed to provide UE mobility statistics or predictions, the NWDAF invokes Nnwdaf_EventsSubscription_Notify (UE mobility statistics or predictions) to notify the PCF of the new generated or updated UE mobility statistics or predictions.
8.	The PCF utilizes the received UE mobility statistics or predictions to optimize the service area restriction adjustment for the UE, and intiates AM Policy Association Modification procedure to provide the adjusted service area restrictions to the AMF. 
7.X.3.3	The procedure of optimizing connection management
Figure 7.x.3.3-1 shows the procedure of optimizing registration area allocation based on NWDAF output.


Figure 7.x.3.3-1: Optimizing registration area allocation based on NWDAF output
1.	The relevant steps of the registration procedure as specified in the figure above are executed.
2.	If the AMF supports connection management optimization based on NWDAF output and the AMF has no valid UE communication pattern, the AMF consults NWDAF to obtain UE communication pattern. In order to discover an appropriate NWDAF, the AMF may invoke Nnrf_NFDiscovery_Request of a configured NRF.
3.	The AMF sends the NWDAF a Nnwdaf_AnalyticsInfo_Request (UE ID,  Event ID) to request UE communication pattern predictions for one time report, or sends a Nnwdaf_EventsSubscription_Subscribe (UE ID, Event ID, Event Reporting Information) for continual event reports.
4.	The NWDAF responds the AMF with a Nnwdaf_AnalyticsInfo_Response or a Nnwdaf_EventsSubscription_Notify to provide UE communication pattern predictions.
If the NWDAF has no valid UE communication pattern predictions, the NWDAF responds the AMF with an appropriate cause, and performs data analysis on UE communication pattern. In this case, based on the susscription of the AMF, the NWDAF notifies the AMF of UE communication pattern predictions as specified in step 8 once it completes the data analysis on UE mobility.
5.	The relevant steps of the registration procedure as specified in the figure above are executed.
6.	If the AMF receives the UE communication pattern predictions from the NWDAF, the AMF utilizes the received UE communication pattern predictions and UE mobility statistics or predictions if available to optimize period registration timer allocation, MICO decision and so on. The AMF includes the allocated registration timer and/or MICO mode indication into the Registration Accept.
7.	The relevant steps of the registration procedure as specified in the figure above are executed.
8.	If the NWDAF was subscribed to provide UE communication pattern predictions, the NWDAF invokes Nnwdaf_EventsSubscription_Notify (UE mobility statistics or predictions) to notify the AMF of the new generated or updated UE communication pattern predictions.
9.	The AMF utilizes the received UE communication pattern predictions and UE mobility statistics or predictions if available to optimize period registration timer allocation, MICO decision and so on. If the UE is in CM-CONNECTED mode, the AMF may initiate UE Configuration Update procedure to provide MICO mode indication to the UE if the AMF determines that UE can enter MICO mode. In this case, the relevant steps of the UE Configuration Update procedure as specified in the figure above are executed.
[bookmark: _Toc534714494]7.X.4	Network entities and functions related to NWDAF-Assisted Mobility Management Customization
Editor’s note: Describes the impacts on existing nodes and functionality related to NWDAF-Assisted Mobility Management Customizing UC.
Network functions in 5GC needs to be enhanced to support NWDAF-assisted mobility management customization, which includes NWDAF, PCF, AMF.
NWDAF:
-	Collects UE mobility related network data from AMF, service data from AF and MDT data from OAM;
-	Collects UE communication related service data from AFs;
-	Provides the UE mobility statistics, UE mobility predictions and UE communication pattern predictions to 5GC NFs, e.g.  AMF and PCF.
PCF:
-	Receives UE mobility statistics and/or UE mobility predictions from NWDAF;
-	Optimizes service area restriction adjustment based on the UE mobility statistics and/or UE mobility predictions.
AMF:
-	Receives UE communication pattern predictions, UE mobility statistics and/or UE mobility predictions from NWDAF;
-	Optimizes registration area allocation based on the UE mobility statistics and/or UE mobility predictions;
-	Optimizes connection management based on the UE communication pattern predictions and optionally UE mobility predictions.
AF:
-	Provides UE communication related service data to the NWDAF.

* * * End of changes * * * *
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