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Abstract of the contribution: Proposal for agreement on mobility pattern in TS manner.
Introduction
As a result of Nextgen study item, mobility pattern has been introduced as a new feature on 5G. It was agreed the mobility pattern is a concept using by 5G system core network but not a parameter. According to the Nextgen study item conclusion, the mobility pattern can be determined by the core network based on the UE subscription, network policy, statistics of UE mobility information, and UE assisted information such as UE location and UE capability.
Also it was agreed the mobility pattern is used by the core network for following features provided by 5GS Core network:
A.	Optimizing the allocating CN registration area list;
B.	Optimizing UE mobility restriction area provided to the UE (if mobility restrictions to be applied for the UE);
C.	Selecting UP functions;
D.	Determining whether to keep the UE in CN_CONNECTED mode;
E.	Determining the CN assisted information to help RAN level paging.
However, following aspects haven’t been discussed so far in details:
	- Which network function determines the mobility pattern of UE,
	- Which network function manages the mobility pattern of UE, and 
	- How the mobility pattern is manifested.
TR conclusion reflects principal agreement on mobility pattern and detailed operation or information element should be discussed again in normative phase. This paper would like to address point by point and make agreement.
Discussion
1. Which network function manages (e.g., determines and applies) the mobility pattern of UE
It was agreed in the interim agreement for mobility on demand as follow,
6.	The core network can determine mobility pattern based on following information, e.g.:
A.	UE subscription, e.g. the size of mobility restriction area;
B.	Network policies, e.g. the criteria to quantify mobility pattern;
C.	Statistic UE mobility information, e.g. historical/predictable UE moving trajectory; and/or
D.	UE assisted mobility information, including UE location, UE capabilities, etc.
About A: Mobility restriction area is included as one of subscription data for the subscribed 5G service. PCF and AMF can obtain subscribed mobility restriction area information and can utilize to determine the mobility pattern to the UE. 
Observation of A) AMF and PCF can obtain UE subscription for mobility pattern.
About B: It is not clear what network policy implies. However, since SA2 agreed mobility pattern as a concept, how to quantify the mobility pattern can be read as how to set criteria for mobility pattern. It is up to operator’s configuration depending on their deployment status or real-time management, so it can be done by OAM.
About C: Statistic UE mobility information can be historical or expected (predicted) UE moving trajectory. In order to manage this statistic mobility information, the network function needs to track UE’s location. In 5GS core network, AMF is a right function to track UE’s location in 3gpp aware unit. Based on this information, AMF can optimize to allocate registration area list to the UE. If the statistic UE mobility information is GPS information (non-3gpp aware unit), mapping from the statistics information to 3gpp aware location information is required since the GPS information would be obtained from the application server not 3gpp network function. It is possible NEF can receive GPS information for the statistics of UE mobility, map this into 3gpp aware location information, and provide to AMF. It is also possible 5GS policy function retrieve UE’s location from the application server, map into 3gpp aware location, if the 5GS policy function supports mapping between GPS information and 3gpp aware information. 
Observation of C) If the form of location information is 3gpp aware (e.g., registration area, cell area), AMF can manage the statistics of UE mobility information. If the form of location information is not 3gpp aware (e.g., GPS information), NEF or Policy Function need to support mapping to 3gpp area information. If this information is provided to the AMF, AMF can manage the statistics. Also it can be managed by PCF. 
About D: UE assisted mobility information was exampled as a UE location or UE capability. The form of UE location can be GPS information, registration area, or cell area. If it is registration area or cell area, AMF can obtain this information from the UE. If it is GPS information, the information should be provided by application server through NEF or NG policy function if the NG policy function has connected with the application server. The UE capability implies type of UE such as high-end device, low-end device which is sensitive for power consumption, or high speed (e.g., automobile) according to the proposed solution in Nextgen study item. This information can be provided by the application server through NEF. Note that EPS has already defined similar feature so called Communication pattern provisioning in TS 23.682. 3rd party AS can provide CP(Communication Pattern) parameter to MME through SCEF, one of example of CP parameter is stationary indication which identifies whether the UE is stationary or not.
Observation of D) AMF can obtain 3gpp aware information of UE location. NEF or PCF can obtain 3gpp non-aware information from the application server and can map to 3gpp aware information. The UE capability for mobility pattern can be obtained from the application server through NEF to AMF, as following similar feature in EPS. Ths UE capability for mobility pattern can be provided to NG policy function as a new feature.

Based on the observation A to D, two alternatives can be considered. 
Alt 1) AMF manages the mobility pattern
AMF can manage UE location (3gpp aware location) and statistics of UE mobility. AMF needs to receive mobility pattern related information from PCF or NEF in case of 3rd party application server provides the information. AMF may also need to map 3gpp non-aware information into 3gpp aware information, if PCF or NEF doesn’t provide mapping functionality. 
Alt 2) PCF manages the mobility pattern
If PCF determines the mobility pattern, PCF needs to get reported from AMF about UE location e.g., registration area, cell area when certain mobility event is detected. PCF can use the UE location information to determine the mobility pattern. PCF can obtain information related with the mobility pattern from the application server directly or through NEF. After PCF determines the mobility pattern of UE, PCF needs to provide related information to AMF e.g., registration area list, mobility restriction area, periodic registration update timer, etc., according to the determined mobility pattern.




2. How the mobility pattern is manifested (what is the output of applying mobility pattern)
The mobility pattern is used by the core network to optimize mobility support for the UE, which was agreed as follow,
7.	UE mobility pattern can be used by the core network as an input to optimize mobility support provided to the UE, e.g.:
A.	Optimizing the allocating CN registration area list;
B.	Optimizing UE mobility restriction area provided to the UE (if mobility restrictions to be applied for the UE);
C.	Selecting UP functions;
D.	Determining whether to keep the UE in CN_CONNECTED mode;
E.	Determining the CN assisted information to help RAN level paging.
NOTE 1b:	The details of the CN assistance for RAN paging will be developed in coordination with the RAN WGs.
About A. Allocation of registration area list is implemented based on the mobility pattern. 
About B. Allocation of mobility restriction area list is implemented based on the mobility pattern.
About C. Selection of UPF is performed based on the location information that is determined based on the mobility pattern. This location information should be provided to the SMF, and SMF uses this information to select adequate UPF.
About D and E can be combined to support RAN inactive state in certain area. Whether apply RAN level paging or not is determined based on the mobility pattern.
Observation of A through D) Consequences of applying mobility pattern are ① Registration area list, ②Mobility restriction area, ③ location information for selecting UPF, and ④ decision of applying RAN level paging. In other words, if certain network function determines and applies mobility pattern to the UE, the outcomes are ① to ④ which need to be provided to relevant network function. 
① registration area list, ② mobility restriction area, ④ decision of applying RAN level paging need to be provided to AMF, and ③ location information for selecting UPF needs to be provided to SMF.
Therefore, in case of Alt 1 “AMF manages mobility pattern”, AMF can determine ① ② ③ ④ by itself and can provide ③ to SMF.
In case of Alt 2 “PCF manages mobility pattern”, PCF determines ① ② ③ ④ and provide ① ② ④ to AMF, and provide ③ to SMF.



In summary, 
	Alt1. AMF manages mobility pattern
	Alt2. PCF manages mobility pattern

	AMF: 
AMF can obtain 3gpp-aware location information (registration area, cell area) from the UE and the PCF. 
AMF can manage statistics of UE mobility and get informed UE location or other information to be used for mobility pattern from the UE, PCF, or application server through NEF.
According to the mobility pattern, AMF can allocate registration area list, mobility restriction area, and decide to apply RAN level paging.
PCF: PCF can map non 3gpp-aware information (e.g., GPS information) to 3gpp aware information, and provide this information to the AMF. PCF can provide other information related with mobility pattern to the AMF, if needed.
	AMF: 
AMF can be provided with registration area list, mobility restriction area, decision of applying RAN level paging from the PCF. 
SMF:
SMF can be provided with UE location information from PCF in order to select adequate UPF for reflecting UE mobility pattern.
PCF: 
PCF can be reported by AMF when UE updates its location to the AMF in order to monitor UE’s mobility managed by network.
PCF can obtain information related with mobility pattern from the application server such as location information, UE capability, and kind of information needs to be specified. It also can be provided through NEF. 
PCF can manage statistics of UE mobility. PCF can get informed information to be used for mobility pattern from the application server.
After determining the mobility pattern, PCF needs to provide registration area list, mobility restriction area, decision of applying RAN level paging to the AMF, and UE location information for selecting UPF to the SMF.



Proposal: Due to main impacted functionality for mobility pattern is on AMF, it is proposed to AMF can manage mobility pattern. PCF can provide assisted information to the AMF which can be used for mobility pattern.
Proposal
It is proposed to agree on: 
 AMF determines the mobility pattern based on the information collected by AMF itself or provided by PCF or NEF. AMF can interact with PCF or NEF to retrieve assistance information for the mobility pattern, which is required to be specified further. Based on that, AMF applies the mobility pattern to the mobility management feature or provide information to the SMF. 
 Way-forward: Revision of related CR would be required in this meeting or it can be captured in the next meeting (SA2#119)
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