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Abstract of the contribution: this pCR proposes to update solution 5 to avoid collection of biased data sample. 
Discussion
In order to provide data analytics for paging failure prediction, Solution 5 is proposed that NWDAF collects network data when a paging failure event is occurred in CN or in RAN. However, only collecting network data for paging failure events will make a biased data set which can not only make inappropriate analytics, but also decrease the performance of machine learning as follows. 

For example, in case of making analytics, suppose that for the same UE, and the same time, 

· if the UE is in paging area denoted as A, paging success occurs 9990 and paging failure only occur 10 (failure ratio: 0.001),
· if the UE is in paging area denoted as B, paging success occurs 20 and paging failure only occur 10. (failure ratio: 0.5)
Despite of significant difference in the failure ratio between paging area A and B, the NWDAF cannot recognize this problem, because the NWDAF only can take paging failure events into account to make the analytics. Thus, in the analytics for paging failure of NWDAF, paging area A and B can be considered as equivalent areas which has the same importance on paging failure. 
Also, in case of machine learning, the network data of paging success events are important as well as that of paging failure events, since the goal of machine learning is either classification of event (in case of supervised learning) from the collected data, or clustering of data (in case of unsupervised learning) as the following Figure 1.
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Figure 1. Paging event classification by ML with the data of paging success/failure events
However, only for data from one event (i.e., paging failure) there is nothing to classify and clustering as shown in Figure 2.
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Figure 2. Only collecting the data of paging failure events is nothing to do with ML
Thus, in order to use ML (e.g., for paging prediction), it is necessary to collect data related to more than two events (in this case paging success event and paging failure event).
Therefore, this pCR proposes that NWDAF collects the network data for paging success event as well as paging failure event from AMF and NG-RAN. 
Proposal: NWDAF collects the network data for paging success event as well as paging failure event from AMF and NG-RAN. 
Proposal
It is proposed to include the following text proposal in TR 23.791.
*** Start of change ***
6.5.1.1
General

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 signalling 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 signalling load and delay for the services.

2.
For RRC Inactive state:


For DL signalling or data for a UE in RRC inactive state, the NG RAN 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 service 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 prediction, 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. adjusting paging area, reducing paging times, based on the NWDAF output.


The NG RAN, 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 NG RAN and AMFs.

2.
If the CN paging event or RAN paging event occurs, the AMF or NG RAN notifies the NWDAF the paging event with the type of the event (i.e., success or failure).
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.
NOTE:
The term "RAN paging" in this solution is the RAN initiated paging for the UEs in RRC Inactive state.

6.5.1.2
NWDAF Input Procedure - Paging event report procedure
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Figure 6.5.1.2-1: NWDAF Input Procedure- Paging event report procedure

1.
If NWDAF supports the analysis of the paging failure possibility, it sends paging event report subscription to the NG RAN and AMFs.

2a.
If the RAN paging event occurs, the NG RAN sends the RAN paging event report to NWDAF, including UE ID, RAN paging area, paging event time point, and paging event type (i.e., success or failure). The NG RAN can also send RAN paging failure to the NWDAF through OAM.
Editor’s note: 
Whether RAN or AMF shall send the paging event report to NWDAF for every event, which has same event type (e.g., paging success), is FFS.

The NWDAF records the UE ID, NG RAN node ID for RAN paging event, the paging event time point, the failure paging area, and the paging event type.

Editor's note:
Regards to RAN paging failure report, the interaction with RAN WG is needed.

2b.
If the CN paging event occurs, the AMF sends the CN paging event report to the NWDAF, including UE ID, CN paging area, paging event time point and the paging event type (i.e., success or failure).
Editor’s note: 
Whether RAN or AMF shall send the paging event report to NWDAF for every event, which has same event type (e.g., paging success), is FFS.

The NWDAF records the UE ID, AMF ID for CN paging event, the paging event time point, the failure paging area, and the paging event type.

*** End of change ***
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