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Abstract of the contribution: This contribution proposes a solution for Key Issue 3 in TR 23.791.
Discussion
In TR 23.791, the use case and key issue on using NWDAF output to customize mobility management was proposed at SA2#125 and SA2#126 meetings. In order to support customizing mobility management based on NWDAF output, the following issues need to be investigated:
-
What analytical results can be provided by the NWDAF for per UE mobility management optimization?
-
Which network function(s) can directly interact with the NWDAF to retrieve/receive the analytical results?
-
Beside mobility pattern, what other information can be used by the 5GC to customize mobility management for related UEs?
-
How to customize mobility management by using the UE mobility pattern and other information? Including:
   ……

-
Whether and how paging handling will be optimized;
…… 
This contribution proposes a solution for Key Issue #3 and mainly focuses on paging handling optimization based on the NWDAF output. 
For the UEs in CM-IDLE or CM-CONNECTED and RRC inactive states, the CN or RAN paging failure may occur due to certain reasons. Paging failure will cause negative impact on both the network and the service.
1. For CN paging:

For DL signaling or data for a UE in CM-IDLE state, the AMF may page the UE several times in order to reach the UE if the paging failure occurs. The repeated paging messages may cause additional signalling load.

In addition, the AMF may reduce the paging area when first paging the UE, and then enlarge the paging area if the previous paging fails. But the reduction of paging area may not be suitable for certain UEs and causes paging failure, so the inappropriate paging area will result in additional signaling load and delay for the services.

2. For RRC Inactive state:

For DL signaling or data for a UE in RRC inactive state, the gNB pages the UE in the RAN Notification area. However, the RAN paging may fail due to certain reasons. In addition, the RAN paging failure may leads to loss of data, which negatively influences servive experience. Besides, keeping the UE in RRC inactive state in the area where a UE may have a high paging failure rate is a waste of network resources. 
For the above the cases, if the NWDAF can get the paging failure report from the RAN and the AMF, it can analyze and predict the paging failure possibility for UEs at certain time period in certain area. The paging failure prediction information is very useful to the Mobile network in the following aspects:

1. The MNO can further optimize the network coverage based on the paging failure prediction information.
2. The network can further optimize CN paging and RRC Inactive state based on the paging failure prediction information.
For example, the AMF can optimize CN paging, e.g. paging area, paging times, based on NWDAF output. 
The gNB may also consider whether to send a UE into RRC inactive state if it has a higher paging failure possibility in this area. 
This contribution aims to optimize the CN paging and RRC Inactive state based on the paging failure prediction output from NWDAF.
Proposal: 
The contribution proposes a solution to optimize the CN paging and RRC Inactive state based on the paging failure prediction of NWDAF to TR 23.791.
*** start of changes ***
6.x
Solution for Key Issue 3: Optimization based on paging failure prediction from NWDAF
6.x.1
Description

Editor's Note: Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc. 
6.x.1.1
Genaral 

For the UEs in CM-IDLE or CM-CONNECTED and RRC inactive states, the CN paging failure or RAN paging failure may occur due to certain reasons. Paging failure will cause negative impact on both the network and the service.

1. For CN paging:

For DL signaling or data for a UE in CM-IDLE state, the AMF may page the UE several times in order to reach the UE if the paging failure occurs. The repeated paging messages may cause additional signalling load. The situation is even worse when the AMF is overloaded and congested.
In addition, the AMF may reduce the paging area when first paging the UE, and then enlarge the paging area if the previous paging fails. But the reduction of paging area may not be suitable for certain UEs and causes paging failure, so the inappropriate paging area will result in additional signaling load and delay for the services.

2. For RRC Inactive state:

For DL signaling or data for a UE in RRC inactive state, the gNB pages the UE in the RAN Notification area. However, the RAN paging may fail due to certain reasons. In addition, the RAN paging failure may leads to loss of data, which negatively influences servive experience. Besides, keeping the UE in RRC inactive state in the area where a UE may have a high paging failure rate is a waste of network resources. 
If the NWDAF supports the paging failure predition, it is very useful to the mobile network in the following aspects:

1. The MNO can further optimize the network coverage based on the paging failure prediction information.

2. The network can further optimize CN paging and RRC Inactive state based on the paging failure prediction information.

For example, the AMF can optimize CN paging, e.g. ajusting paging area, reducing paging times, based on the NWDAF output. 

The gNB, based on the paging failure prediction information, considers whether to send a UE into RRC inactive state if it has a higher paging failure possibility in this area.

In this solution, the NWDAF input and output procedures are proposed. The basic steps are as follows: 

1. If the NWDAF supports the paging failure prediction function, it sends the subscription of the paging failure report to the gNBs and AMFs.
2. If the CN paging failure or RAN paging failure occurs, the AMF or gNB notifies the NWDAF the paging failure event. 
3. The NWDAF predicts the paging failure possibility in certain time frame and area for the UEs. The NWDAF notifies the network if the paging failure possibility is above certain limit.

4. The network can further optimize CN paging and RRC Inactive state based on the paging failure prediction information.

For example, the NWDAF derives the conclusion that a UE or a group UEs statistically have a higher paging failure possibility at gNB 1 on weekday between 9-10am. If the RAN paging failure possibility exceeds a certain limit, the NWDAF notifies the network. The gNB 1 considers this information when it decides whether to send UE 1 or the group UEs into RRC inactive state.
6.x.1.2
NWDAF Input Procedure- Paging failure report procedure
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Fig.6.x.1-1 NWDAF Input Procedure- Paging failure report procedure
1. If NWDAF supports the analysis of the paging failure possibility, it sends paging failure report subscription to the gNBs and AMFs.
2. If the RAN paging failure occurs, the gNB sends the RAN paging failure report to NWDAF, including UE ID, RAN paging area, paging failure time point.
If the CN paging failure occurs, the AMF sends the CN paging failure report to the NWDAF, including UE ID, CN paging area, paging failure time point.
The NWDAF records the UE ID, gNB ID for RAN paging failure, AMF ID for CN paging failure, the failure time point and the failure paging area.
6.x.1.3
NWDAF Output Procedure- Optimization based on paging failure prediction
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Fig.6.x.1-2 NWDAF Output Procedure- optimization based on paging failure prediction
1. The NWDAF analyzes the paging failure possibility for UEs. If the paging failure possibility for certain UEs at certain area and certain time exceeds the limit which is set by the operator or local policy, it will perform step 2. 

2. The NWDAF sends the paging failure prediction information to the AMF which serves the possible failure area, including UE ID, paging failure alert indication, possible paging failure area, and the possible paging failure time.

3. The AMF optimizes the CN paging for UEs based on the paging failure prediction information.

6. The AMF sends RAN paging failure alert indication as one of the RRC Inactive assistance information to the NG RAN. The AMF only send the RAN paging failure alert indication at the time which is within or very close to the ‘possible failure time’, and to the gNB which serves the indicated ‘possible failure area’. 
The gNB takes the RAN paging failure alert indication into consideration when deciding whether to send the UE into RRC inactive state.

6.x.2
Impacts on Existing Nodes and Functionality
Editor's Note: Capture impacts on existing 3GPP nodes and functional elements.

6.x.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level.
*** End of changes ***
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