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Abstract of the contribution: Analysis of the solution 5 in relation to RRC_INACTIVE state.
Discussion

Solution 5 makes assumption on usage of paging failure prediction to enable usage of 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.
The solution proposes to, based on RAN paging failure prediction, enable/disable RRC_INACTIVE state usage. However, there is no explanation provided to the relation between RRC_INACTIVE state and failed or successful paging.

Paging success depends on following factors:

1. Availability of system capacity to perform paging and the subsequent signaling.
2. UE monitors for paging in the network area where the UE is paged.

3. Radio coverage is sufficient for the UE to decode the paging and reply to it.

All these factors are valid for CN paging as well as for RAN paging. Hence paging failure/success rate will not be altered by moving paging from RAN to CN or vice-versa.

Observation 1: Factors defining paging success rate are independent of whether paging is initiated by CN or by RAN. RRC_INACTIVE is not one of such factors.
It is stated that a RAN paging failure results in loss of data. While this is correct, the same is valid for CN paging failure.

Observation 2: Paging failure leads to loss of data regardless of whether paging was initiated by RAN or CN.
Proposal: Based on the analysis, it is evident that there is no causality between a paging failure and the use of RRC_INACTIVE state and thus it is proposed to update solution 5 and remove parts referring to RRC_INACTIVE state.

--------------------------BEGINNING OF CHANGES in TR 23.791----------
6.5
Solution 5: Optimization based on paging failure prediction from NWDAF
6.5.1
Description

Editor's note:
Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc.
6.5.1.1
General

For the UEs in CM-IDLE or CM-CONNECTED and RRC inactive states, the CN 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.

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 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.



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 AMFs.

2.
If the CN paging event occurs, the AMF 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 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. 

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 AMFs.





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).


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.

6.5.1.3
NWDAF Output Procedure - Optimization based on paging failure prediction
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Figure.6.5.1.3-1: NWDAF Output Procedure- optimization based on paging failure prediction
1.
The NWDAF analyses 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.
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