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Abstract of the contribution: This paper proposes analytics in order to determine the behaviour of UEs 
1. Discussion
The TS 23.288 proposes analytics in order to analyse the behaviour of UEs.
The following contribution extends the service on several aspects:
· The service can be triggered at the initiative of NWDAF consumer.
· The storage (e.g. in UDSF) of the resulting information is under the responsibility of the service consumer 
· The analytics produced are splitted in two blocks for modularity: mobility and communication.
· Several elements of the analytics produced for communication are removed, because not available to the NWDAF by data collection (on maximum latency, maximum response time)..
2. Proposal
The following changes are proposed in TS 23.288.
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6.7 Expected UE behavioural parameters related network data analytics
[bookmark: _Toc4164167]6.7.1	General
The clause 6.7 defines how NWDAF a service consumer learns from the NWDAF the expected UE behaviour parameters as defined in clause 4.15.6.3, TS 23.502 [3] for a group of UEs or a specific UE.
The service consumer may be an NF (e.g. AMF, UDM), an AF, or the OAM.
The consumer of these analytics shall indicate in the request:
-	AnalyticsId set to "Mobility behaviour" or “Communication behaviour”.
-	The Target of Analytic Reporting can be any UE or an Internal Group Identifier. This target refers to the UEs that are presumed to be located in the Area of Interest at the time indicated in the Observation period.
-	An Observation period indicates the time when the statistics or predictions are requested.
-	In a subscription, the Notification Correlation Id and the Notification Target Address are included.
The NWDAF shall notify the result of the analytics to the consumer as indicated in clause 6.7.3.

[bookmark: _Toc4164168]6.7.2	Input Data
In order to produce “Mobility behaviour analytics”, the NWDAF collects UE mobility analytics as defined in clause 6.10.3. The NWDAF may also collect additional data from AMF as defined in Table 6.7.2-1.
Table 6.7.2-1: UE behavioural information collected from 5GC NF(s)
	Information
	Source
	Description

	UE ID
	AMF
	SUPI

	Frequent mobility re-registration
	AMF
	A stationary UE may re-select between neighbour cells due to radio coverage fluctuations. This may lead to multiple re-registrations if the cells belong to different registration areas. The number of re-registrations may be an indication for abnormal behaviour.


Editor's Note:	How the NWDAF gets input information related to frequent mobility registration is FFS.
In order to produce “Communication behaviour analytics”, the NWDAF collects,  UE communication analytics as defined in clause 6.11.3. The NWDAF may also collect  and UE behavioural information defined in the Table 6.7.2-1 2 may be used to discover expected UE behaviour parameters.
Table 6.7.2-1: UE behavioural information collected from 5GC NF(s)
	Information
	Source
	Description

	UE ID
	AMF
	Could be e.g. SUPI, which is used by NWDAF to correlate the UE behavioural information from different 5GC NFs.SUPI

	UL or DL Packet Latency
	
	Indicating the delay for uplink or downlink packets transfers for the UE.

	UL or DL data rate
	
	Indicating the bit rate for uplink or downlink packets transfers for the UE.

	Frequent mobility re-registration
	AMF
	A stationary UE may re-select between neighbour cells due to radio coverage fluctuations. This may lead to multiple re-registrations if the cells belong to different registration areas. The number of re-registrations may be an indication for abnormal behaviour.



NWDAF subscribes the UE behavioural information from 5GC NF(s) in the Table 6.7.2-1 by invoking Namf_EventExposure and/or Nudm_EventExposure service (Event ID = UE behavioural information, Event Filter information = UE ID List, Target of subscription = Any UE) as defined TS 23.502 [3].
Editor's Note:	How the NWDAF gets input information (e.g. from OAM) related to UL or DL Packet latency or data rate needs further study is FFS.
[bookmark: _Toc4164169]6.7.3	Output Analytics
The NWDAF services as defined in the clause 7.2 and 7.3 are used to expose the expected UE behaviour parameters as defined in Table 6.7.3-1 together with a UE group ID or a specific UE ID from the NWDAF to the consumer NF (e.g. UDM), indicating
A The new Analytic ID named "Mobility behaviour" "Expected UE behaviour parameters" is provides the information elements, described in Tabledefined 6.7.3-1. 
	Information
	Source
	Description

	UE group ID or UE ID
	AMF
	Identifies a group of UEs or a specific UE, e.g. internal group ID, SUPI List or SUPI.

	Stationary indication
	AMF
	Identifies whether the UE is stationary or mobile, e.g. only on demand. (TS 23.682 [5], clause 5.10.1).

	UE Moving Trajectory
	AMF
	Identifies the UE's expected geographical movement (TS 23.502 [3], clause 4.15.6).
Example: A planned path of movement


Table 6.7.3-1: Expected UE mobility behavioural analytics

The Analytic ID named "Communication behaviour" provides the information elements, described in Table 6.7.3-1.
with one or multiple combinations of the following analytic filters:
-	UE group ID or UE ID.
Table 6.7.3-1: Expected UE behavioural parameters
	Information
	Source
	Description

	UE group ID or UE ID
	AMF or SMF
	Identifies a group of UEs or a specific UE, e.g. internal group ID, SUPI List or SUPI.

	Stationary indication
	AMF
	Identifies whether the UE is stationary or mobile, e.g. only on demand. (TS 23.682 [5], clause 5.10.1).

	UE Moving Trajectory
	AMF
	Identifies the UE's expected geographical movement (TS 23.502 [3], clause 4.15.6).
Example: A planned path of movement

	UE group ID or UE ID
	SMF
	Identifies a group of UEs or a specific UE, e.g. internal group ID, SUPI List or SUPI.

	Periodic communication indicator
	SMF
	Identifies whether the UE communicates periodically or not, e.g. only on demand. (TS 23.682 [5], clause 5.10.1).

	Communication duration time
	SMF
	Duration interval time of periodic communication (may be used together with 1) (TS 23.682 [5], clause 5.10.1).
Example: 5 minutes

	Periodic time
	SMF
	Interval Time of periodic communication (may be used together with 1) (TS 23.682 [5], clause 5.10.1).
Example: every hour

	Scheduled communication time
	SMF
	Time zone and Day of the week when the UE is available for communication (TS 23.682 [5], clause 5.10.1).
Example: Time: 13:00-20:00, Day: Monday

	Traffic characterization
	SMF
	Estimated UL/DL traffic volume

	Maximum Latency
	SMF
	Indicating maximum delay acceptable for downlink data transfers (TS 23.682 [5], clause 4.5.21).

	Maximum Response Time
	SMF
	Indicating the time for which the UE stays reachable to allow the AF to reliably deliver the required downlink data (TS 23.682 [5], clause 4.5.21).

	Suggested Number of Downlink Packets
	SMF
	Indicating the number of packets that the UPF shall buffer in case the UE is not reachable (TS 23.682 [5], clause 4.5.21).


Table 6.7.3-2: Expected UE behavioural parameters
NOTE: other parameters as stated in TS 23.682 [5] clause 5.10.1 which characterize the communication behaviour can only be provided by the service consumer (e.g. AF, on maximum latency, maximum response time).
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[bookmark: _Toc4164171]6.7.4.1	NWDAF assisted expected UE behavioural parameters provisioning
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Figure 6.7.4.1-1: NWDAF assisted expected UE behavioural parameters provisioning procedure
1. 0.	NWDAF learns the expected UE behaviour performing data collection using Nnf_EventExposure from both AMF and UDM to retrieve the input information listed in Table 6.7.2-1.
2. Editor's Note: How NWDAF is triggered to subscribe in different NFs to start receiving that info and how and if UDM decides to trigger that indication in the first place is FFS.
3. 1-3.	NWDAF stores the expected UE behaviour.
4. Editor's Note: Steps 1 to 3 assumes that the Expected UE behaviour is considered to be subscription information. This assumption needs to be validated, considering whether the Data Type used for the "Expected UE behaviour".
5. 4.	The Expected UE behaviour is provisioned to the affected NFs at Registration procedure as defined in TS 23.502 [3], clause 4.2.2.2.
6. Editor's Note: The procedure to provision the Expected UE behaviour to the NFs within a Registration needs to be evaluated to consider whether a new data type is needed or whether updates of registered users is required.
7. 5GC NF to NWDAF: Nnwdaf_AnalyticsInfo_Request (Analytic ID, Analytic Filter=SUPI) or Nnwdaf_ AnalyticsSubscription_Subscribe (Analytic ID, Target of Analytic Reporting =SUPI).
The analytic IDs can be “mobility behaviour” or “communication behaviour”
2a-b.	if analytic ID “Mobility behaviour” is requested, the NWDAF requests to AMF Namf_ EventExposure_Subscribe (Event ID, external UE ID) as described in 6.10.
Event ID indicates location report for the UE. 
The external UE ID is obtained by the NWDAF based on UE internal ID, i.e., SUPI.
2c-d- if analytic ID “Communication behaviour” is requested, NWDAF requests to SMF: Nsmf_ EventExposure_Subscribe (Event ID, SUPI) as described in 6.11.
Event ID indicates communication report for the UE. 
The external UE ID is obtained by the NWDAF based on UE internal ID, i.e., SUPI.
3.	The NWDAF derives requested analytics, in the form of UE communication pattern for mobility and communication.
4.	NWDAF to 5GC NF: Nnwdaf_AnalyticsInfo_Response or Nnwdaf_ AnalyticsSubscription_Notify.
The NWDAF provides requested UE communication analytics to the NF, using either Nnwdaf_AnalyticsInfo_Response or Nnwdaf_ AnalyticsSubscription _Notify, depending on the service used in step 1.
5-6. If the NF subscribed UE communication analytics at step 1, when the NWDAF generates new analytics, it provides the new generated analytics to the NF.
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