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Abstract of the contribution: This paper would like to discuss the use cases on on using NWDA output to optimize mobility management and decide which of them need further work.
1.	Discussion
During the SA2#125 meeting, it is agreed that SA2 needs to investigate use cases on using NWDA output to optimize 5G networks. From our perspective, one of the use cases is using NWDA output to customize mobility management.
In the 5G network, there will be different types of UEs, e.g. smart phone, IoT device, V2X device and so on, they have different features of mobility. Furthermore, same type of UEs may have different mobility behaviours, e.g. a smart phone used by a student and a smart phone used by an officer have different moving trajectories. It is obviously that, the 5G network should not adopt unified mobility management scheme to serve them. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the other hand, UEs serving different communication scenarios may have different services with different communication patterns/models, e.g. smart phone users may prefer to not have mobile terminated calls/communications during the middle night; water meter devices use infrequent or frequent small data transmission; V2X devices require reliable or low latency communication. In order to promise users experience and improve the efficiency of network resource utilization, we think that the 5G network should be able to customize mobility management for different UEs with different communication patterns/models. 
Initiated by such considerations, we would like to discuss scenarios where the 5G network can customize mobility support for the UE, and what kinds of UE mobility information and/or UE communication patterns/models are required in the use cases. 
Case 1: Connection management optimization
For a UE used for infrequent data transmission, if the NWDA predicts that the next data transmission will come in a enough long time, the network can inform the UE to deregister the UE after the data transmission is completed based on the NWDA output.
For a V2X devices which require low latency communication, if the NWDA can have such knowledge, the network can be informed to always keep the UE in connected mode, so that the UE can obtain network service as soon as possible.
Case 2: Registration Area allocation
According to the researches by some scholars, there are some laws for human mobility, such laws have already been used by mobile internet, e.g., mobile social network. In the 5G network, if the network can learn the knowledge of the characteristics of UE mobility, the network can optimize the mobility supports provided to the UE accordingly, one of them is Registration Area allocation, e.g.:
If the NWDA learns that a UE stay in a specific area for a long time, a smart phone user stays in the home from 10:00 PM to 7:00 AM, the NWDA can provide such information to the 5GC or propose the TA cover the user’s house as the Registration Area. 
Another case is for V2X devices, if the trajectories of the V2X devices can be predicted by the NWDA, the NWDA can provide such information to the 5GC or propose a suitable registration area for the UE.
Case 3: Paging handling optimization
As described in the scenario 2, if the NWDA can provide a predicted registration area to the UE, the paging would be more efficient. 
Moreover, with the help of analysis on UE mobility information, the network can determine a specific area with highest probability to reach the UE, then the AMF pages the UE first in the specific area (like paging optimization in CSG cell), if paging fails, the AMF pages the UE in the Registration Area.
Case 4: Periodic registration timer allocation
If the NWDA learns that a UE always stay a long time when it moves in a specific area during a specific time period, e.g. a smart phone user stays in the home from 10:00 PM to 7:00 AM, the network can prolong the periodic registration update timer value to reduce the singling cost.
Case 5: Adjusting mobility restriction
In current specification TS 23.501, the PCF has been able to adjust the mobility restriction for a UE.
“The PCF in the serving network may (e.g. due to varying conditions such as UE's location, application in use, time and date) further adjust service area restrictions of a UE, either by expanding an allowed area or by reducing a non-allowed area or by increasing the maximum allowed number of tracking areas.”
 However, it is not clear what conditions can trigger the PCF adjusting service area restriction. 
In our view, the NWDA may provide the analysis on UE mobility information and the PCF can update the service area restriction based on the UE mobility, e.g.:
An enterprise would like to restrict employees to obtain services from the enterprise network in a specific area, but it is not clear how large the allowed area is enough to serve the employees. Therefore, the network needs to learn UE mobility information in the working time, and then determine an appropriate allowed area for each employee.
Case 6: Handover optimization
In current specification, the handover decision is mainly based micro level information, such as RSS (radio signalling strength) and UE moving history in adjacent cells, which is not enough to make an accurate handover decision in 5G network, because handover failure or frequent handover may degrade users experience on latency sensitive services, e.g. remote control service.
In such cases, if the NG-RAN node can aware UE mobility information and service requirements on handover interruption, the NG-RAN node may be able to optimize handover by, e.g. selecting an accurate target node, and using a suitable handover threshold. Therefore, it is useful for NWDA to provide the analytic results on UE mobility and UE application layer services to the 5GS.
Case 7: Overload avoidance
Initially, 5GS may be deployed as complementary network coverage to serve hotspot area. However, in the hotspot area, the dense connectivity or traffic may lead to 5GS overload, which may degrade user’s experience, especially when the user has attached to the network but can not obtain network service.
With NWDA analysis, when network overload in a specific area could be forecasted, the 5GS can select an appropriate serving AN node or trigger inter-system change from 5GS to EPS in advance for UEs which may be moving into that area.
Observing these use cases, we expect that the NWDAF can provide:
1. UE mobility pattern, which consists of
-	The cell/TA list or geographical areas which the UE may enter;
-	The time that the UE may enter a cell/TA or a geographical area; and
-	The duration time that the UE may stay in a cell/TA or a geographical area.
2. UE communication model (just for differentiating from UE communication pattern), which consists of
-	Identity of the application running on the UE;
-	Deduced Service type, e.g. web browsing, gaming, mobile pay, HD video, P2P download, OTT voice, mobile social, V2X, etc..
-	Time list of predicted communications between the UE and the application server identified by the application ID
-	The predicted duration time of each communication between the UE and application server.
3. Network state graph, which consists of
-	gNB ID or cell/TA list (or a specific geographic area)
-	The time and date that the gNB or the area covered by the cell/TA list may reach high load (identified by load levels probably);
-	The time and date that the gNB or the cell/TA list may recover from the overload.

2.	Proposal
1. Discussing the above use case and including them into the TR.
2. Discussing how to document the use cases, i.e. including all use cases in one clause, or using separate clause to describe each use case.
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