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1. Introduction
As described in Key Issue #4, the study aspects on enhancement to support location information exposure include:
· Whether and how to expose the location data information per the e.g. time/area/space granularity in application enabled layer including statistics and prediction.
· Whether and how to expose the location data in one area of interest with additional parameters from the requirements of the VAL server via LMS, e.g. the velocity of the vehicles.
· Whether and how to support above functions based on the existing functions and procedures as defined in the SEAL-LM and/or other application enabled architecture.
The application enabler related to location should support to statistic the location information based on time/area domain and then expose them to the vertical applications. Also, predicted UE location exposure such as predicted duration for UE(s) to stay in an area, expected UE group route prediction, UE group member deviation prediction and UE density prediction in certain area is valuable for vertial applications. For example, time duration prediction for UE staying in an area can be used for VAL to get estimation on how long a person can stay in the office, UE density predictin in an area can be used for VAL to get hot zone information due to people gathering, UE group route prediction can be used to formulate application group profile with Expected Group Geographical Service Area as described in TS 23.558 clause 8.2.11. UE group member deviation prediction can be used for VAL to know which UE group member falls behind other group members or group leader (then VAL can send warning/reminder to the group members).
This paper proposes a new ADAE analytics on location-related UE group, e.g., statistics/predictions on time duration of UE(s) staying at an area, UE group route, UE density, and UE group member deviation. The analytics can be used for enhance location services.
2. Reason for Change
To support location information exposure as described in the study aspect “Whether and how to expose the location data information per the e.g. time/area/space granularity in application enabled layer”, new ADAE analytics on UE group, e.g., statistics/predictions on time duration of UE(s) staying at an area, UE group route, UE density, and UE group member deviation, can be studied.
3. Conclusions
This pCR proposes new ADAE analytics on Location-related UE group, e.g., statistics/predictions on time duration of UE(s) staying at an area, UE group route, UE density, and UE group member deviation, to support value-added location services.
4. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-72 V0.5.0.
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6.0	Mapping of solutions to key issues
Table 6.0-1: Mapping of solutions to key issues
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* * * Next Change * * * *
Solution #X: New ADAE Analytics on Location-related UE Group for Location Services
6.X.1	General
The application enabler related to location should support to statistic the location information based on time/area domain and then expose them to the vertical applications. Also, predicted UE location exposure such as predicted time duration for UE(s) to stay in an area, expected UE group route prediction, UE group member deviation prediction and UE density prediction in certain area is valuable for vertical applications. For example, time duration prediction for UE staying in an area can be used for VAL to get estimation on how long a person can stay in the office, UE density prediction in an area can be used for VAL to get hot zone information due to people gathering, UE group route prediction can be used to formulate application group profile with Expected Group Geographical Service Area as described in 3GPP TS 23.558 [Y] clause 8.2.11. UE group member deviation prediction can be used for VAL to know which UE group member falls behind other group members or group leader (then VAL can send warning/reminder to the group members).
The following clauses specify procedures, information flows and APIs for KI#4 to support new ADAE analytics on location-related UE group, e.g., statistics/predictions on time duration of UE(s) staying at an area, UE group route, UE density, and UE group member deviation, to support location information exposure and value-added location services.
6.X.2	Procedure
Pre-conditions:
-	The location information about the UEs is available at SEAL LM server.
-	The location information of the UEs exposure is allowed at 5GC.
6.X.2.1	Subscribe-notify model

Figure 6.X.2.1-1: ADAES support for location-related UE group analytics
1.  The analytics consumer (i.e. LMS) sends analytics subscription request for location-related UE group analytics to ADAE server. The Analytics ID in the request message is set to "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation". For analytics subscription request, the request contains message as defined in table 6.X.3.2-1.
2. Upon receiving the event subscription request from the consumer, the ADAE server checks for the relevant authorization for the event subscription. If the authorization is successful, the ADAE server stores the request information. The ADAE server sends a service API event subscription response indicating successful subscription.
3. The ADAE server sends a subscription request to the Data Producer (e.g. 5GC NFs (e.g. GMLC (via NEF), NWDAF), ADAE Client, LM server, A-ADRF for historical data) with the respective Data Collection Event ID and the requirement for collection location related data/analytics of UEs. Data collection at the UE(s) reuses the SA4 mechanism based on EVEX study (3GPP TS 26.531 [17]).
4. The Data Producer sends subscription response as a positive or negative acknowledgement to the ADAE server.
5. The ADAE server based on subscription receive location related data/analytics of UEs from the Data Producer.
NOTE:	The procedures for UE location information collection need to take user consent into account.
6.  The ADAE server performs analytics relevant operations to generate the analytics based on the data received from the Data Producer (e.g. 5GC NFs (e.g. GMLC, NWDAF), ADAE Client, LM server, A-ADRF for historical data). In detail, the ADAE server may generate analytics in the following ways.
-	For UE(s) staying time duration analytics: Inputs include the location information of UE(s) at an area from LM server (e.g. measurement of UE(s) moving in or moving out of the area of interest in clause 9.3.12 of 3GPP TS 23.434 [9]) and the analytics from NWDAF (e.g. UE mobility analytics and/or Movement behaviour analytics in 3GPP TS 23.288 [16]). For example, measurement of UE(s) moving in or moving out of the area of interest can be used by the ADAES to get the information whether UE(s) is in the AoI, and UE mobility information can be used by the ADAES to obtain potential moving direction of the UE, etc., by combining all the informaiton collected, predictions on UE(s) staying time duration can be generated at ADAES.
-	For UE group route analytics: Inputs include the location information of UE(s) from LM server (e.g. UE’s location in clause 9.3.7 of 3GPP TS 23.434 [9]), the analytics from NWDAF (e.g. UE mobility analytics, Movement behaviour analytics, UE communication analytics, and/or Dispersion analytics in 3GPP TS 23.288 [16]). For example, UE’s location service from LMS allows ADAES to obtain the UE location, UE mobility analytcs provides potentianl moving direction of the UE(s), Dispersion analytcs gives ADAES information on UE data volume dispersion predictions, etc., by combining all the informaiton collected, predictions on UE group route can be generated.
-	For UE density analytics: Inputs include the number of UE(s) in an area from LM server (e.g. obtaining UE(s) information at the area of interest in clause 9.3.10 of 3GPP TS 23.434 [9], measurement of UE(s) moving in or moving out of the area of interest in clause 9.3.12 of 3GPP TS 23.434 [9]), analytics from NWDAF (e.g. UE mobility analytics, and/or Movement behaviour analytics in 3GPP TS 23.288 [16]). For example, ADAES get the UE informations via the obtaining UE(s) information at the area of interest service from LMS,  ADAES obtains the moving direction predictions on these UE(s), etc.,  by combining all the informaiton collected, predictions on UE density can be generated.
-	For UE group member deviation analytics: Inputs include the Ranging/Sidelink Positioning location information of the UE group member from GMLC (via NEF) (e.g. Ranging/Sidelink Positioning location results in clause 6.20 of 3GPP TS 23.273 [5]), location information of the UE group member from LM server (e.g. UE’s location in clause 9.3.7 of 3GPP TS 23.434 [9]), and the analytics from NWDAF (e.g. UE mobility analytics, Movement behaviour analytics, Relative Proximity analytics, and/or Abnormal behaviour analytics in 3GPP TS 23.288 [16]) of this UE group member. The ADAE server can aggregate the collected information (e.g. distance between UEs from the Ranging/Sidelink Positioning location information service, predictions on distrance between UEs from the Relative Proximity analytics, etc.) and derive which UE group member is deviating (or will deviate) from other group member(s) or group leader (e.g. UE’s ranging information with any other UE(s) in a group is larger than a threshold, and such trend shows longer and longer ranging within a time period, or the UE moving direction is different from any other UE(s) in a group or group leader).
7. The ADAE server sends notifications to the consumer with the required location-related UE group analytics.
6.X.2.2	Request-response model
Pre-conditions:
-	ADAE Server already have the analytics data derived from steps 3-6 in the procedure introduced in clause 8.X.2.1.


Figure 6.X.2.2-1: ADAES support for location-related UE group analytics
1.	The analytics consumer (i.e. LMS) sends a request message to the ADAE server to receive analytics data for location-related UE group analytics with Analytics ID in the request message setting to "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation". The request contains message as defined in table 6.X.3.8-1.
2.	Upon receiving the request, the ADAE server authenticates and authorizes the analytics consumer.
3.	If the analytics consumer is authorized, the ADAE server sends a response message including the analytics data (statistical and/or predictive) of the location-related UE group analytics.
6.X.3	Information flows
6.X.3.1	General
The following information flows are specified for location-related UE group analytics based on clause 6.X.2.
6.X.3.2	Location-related UE group analytics subscription request
Table 6.X.3.2-1 describes the information flow from the consumer (LMS) as a request or update request for the location-related UE group analytics.
Table 6.X.3.2-1: Location-related UE group analytics subscription request
	Information element
	Status
	Description

	Requestor ID
	M
(NOTE)
	The identifier of the consumer.

	Analytics ID
	O 
(NOTE)
	The identifier of the analytics event. This ID can be for example "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation analytics".

	Analytics type
	M
	The type of analytics for the event, e.g. statistics or predictions,

	Analytics filter information
	M
	Filter information for the analytics event.

	>Application Group ID
	O
	Application group identifier for which the analytics subscription applies.

	>Target VAL UE ID(s)
	O
	The identifier(s) of the VAL UE(s) for which the analytics subscription applies.

	>Area of Interest
	O
	The geographical or service area for which the subscription request applies.

	>Application Group profile(s)
	O
	Information about the Application Group(s) with common EAS (as defined in TS 23.558 [Y] Table 8.2.11-1).

	>Deviation
	O
	Deviation information, e.g. different moving direction or moving speed, distance with the group leader UE larger than an threshold.

	>>Group leader UE ID
	O
	The identifier of the group leader UE.

	>>Guideline
	O
	The guideline used for detecting deviation of group member UE, e.g. distance, moving direction, moving speed.

	>>Threshold
	O
	The threshold used for detecting deviation of group member UE from the other group members or group leader with the guideline.

	Reporting requirements
	O
	It describes the requirements for analytics reporting. This requirement may include e.g. the type and frequency of reporting (periodic or event triggered), the reporting periodicity in case of periodic, and reporting thresholds.

	Preferred confidence level
	O
	The level of accuracy for the analytics service (in case of prediction).

	Time validity
	O
	The time validity of the subscription request.

	NOTE:	This information element shall not be updated.



6.X.3.3	Location-related UE group analytics subscription response
Table 6.X.3.3-1 describes the information elements for the location-related UE group analytics subscription response from the ADAE server to the consumer.
Table 6.X.3.3-1: Location-related UE group analytics subscription response
	Information element
	Status
	Description

	Result
	M
	The result of the analytics subscription request (positive or negative acknowledgement).



6.X.3.4	Location-related UE group analytics notification
Table 6.X.3.4-1 describes the information flow from the ADAES to the consumer (LM Server) as a response for the location-related UE group analytics.
Table 6.X.3.4-1: Location-related UE group analytics notification
	Information element
	Status
	Description

	Analytics ID
	M 
	The identifier of the analytics event. This ID can be for example "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation analytics".

	Outputs for UE(s) staying time duration
	O
(NOTE 1)
	The reported analytics for UE(s) staying time duration analytics apply.

	>List of VAL UE ID(s)
	M
	List of identifiers of the VAL UE(s).

	>>VAL UE ID
	M
	Identifier of VAL UE.

	>>Location
	M
	Location information where the UE staying in an area.

	>>Time duration
	M
	Time duration of the UE staying in the location.

	>>Times UE leaves area
	O
	The number of times UE leaves the area.

	>>Times UE enters area
	O
	The number of times UE enters the area.

	Outputs for UE group route
	O
(NOTE 1)
	The reported analytics for UE group route analytics apply.

	>List of EAS ID(s)
	M
	List of identifiers of EAS.

	>>EAS ID(s)
	O
	Identifier(s) of EAS(s).

	>>Route ID
	M
	The identifier of the common route for the UE(s) to EAS(s).

	>>VAL UE ID(s)
	M
	The identifiers of the VAL UE(s) which with the common route to the EAS(s).

	Outputs for UE density
	O
(NOTE 1, NOTE 2)
	The reported analytics for UE density analytics apply.

	>Area of Interest
	M
	The geographical or service area.

	>Number of UE(s)
	O
	The number of UE(s) in the AoI.

	>Density of UE
	M
	The density of UE in the AoI.

	Outputs for UE group member deviation
	O
(NOTE 1, NOTE 3)
	The reported analytics for group member deviation analytics apply.

	>Application Group ID
	M
	Application group identifier.

	>>Group leader UE ID
	O
	The identifier of the group leader UE.

	>List of VAL UE ID(s)
	M
	The VAL UE(s) which with different behaviour with the majority group members or the group leader.

	>>VAL UE ID
	O
	Identifier of the VAL UE.

	>>Deviation
	O
	Detail information of deviation for the VAL UE, e.g., different moving direction or moving speed, distance with the group leader.

	>>Time duration
	O
	The time duration of this UE deviation.

	Validity Time
	O
	The valid time duration of the analytics.

	Confidence level
	O
	For predictive analytics, the achieved confidence level can be provided.

	NOTE 1:	One of these shall be present based on the analytics event.
NOTE 2:	Statistics on UE density including e.g. distribution, minimum, maximum, and average density during the validity time.
NOTE 3:	Statistics on UE deviation including e.g. minimum, maximum, and average UEs moving into area, moving out of area, moving speed, and distance from group leader.



6.X.3.5	Location information collection subscription request
Table 6.X.3.5-1 describes information elements for the Ranging/SL positioning data and location information collection subscription request from the ADAE server to the Data Producer, e.g. 5GC NFs (e.g. GMLC, NWDAF), ADAE Client, LM server, A-ADRF for historical data.
Table 6.X.3.5-1: Data collection subscription request
	Information element
	Status
	Description

	Requestor ID
	M
	The identifier of the consumer.

	Data Collection Event ID 
	M
	The identifier of the data collection event 

	Data Collection requirements
	M
	The requirements for data collection, including the format of data, frequency of reporting, level of abstraction of data, level of accuracy of data.

	Analytics ID
	O
	The identifier of the analytics event, for which the data collection is needed. This ID can be for example "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation analytics".

	List of Data Producer IDs
	O
	In case when this request is performed via A-DCCF, then the list of Data Producer IDs is needed.

	>Target data producer profile criteria
	O
	Characteristics of the data producers to be used.

	>VAL UE IDs
	O 
	The VAL UE(s) identifiers for which the data/analytics apply.

	Area of Interest
	O
	The geographical or service area for which the requirement request applies.

	Time validity
	O
	The time validity of the request.



6.X.3.6	Location information collection subscription response
Table 6.X.3.6-1 describes information elements for the Data collection subscription response from the Data Producer, e.g. 5GC NFs (e.g. GMLC, NWDAF), ADAE Client, LM server, A-ADRF for historical data.
Table 6.X.3.6-1: Data collection subscription response
	Information element
	Status
	Description

	Result
	M
	The result of the location information collection subscription request (positive or negative acknowledgement).



6.X.3.7	Data Notification
Table 6.X.3.7-1 describes information elements for the Data Notification from the Data Producer to the ADAE server.
Table 6.X.3.7-1: Data notification
	Information element
	Status
	Description

	Data Collection Event ID
	M
	The identifier of the data collection event.

	Data Producer ID
	M
	The identity of Data Producer.

	Analytics ID
	O
	The identifier of the analytics event. This ID can be for example "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation analytics".

	Data Type
	M
	The type of reported data samples which can be network data, application data, edge data, or different granularities / abstraction of data (e.g. real time, non-real time). This also indicates whether data are offline (from A-ADRF or not).

	Data Output
	M
	The reported data, which can be inform of measurements or offline/historical data on the requested parameter based on subscription. Such data can be location information of UEs (moving devices like UAS devices, V2X devices, robots, and/or people with UE, static devices like infrastructures) for a given time and area of interest, measurement of UE(s) moving in or moving out of the area of interest,  UE mobility analytics, Ranging/Sidelink Positioning location information of UEs, Movement behaviour analytics, UE communication analytics, Dispersion analytics, Relative Proximity analytics, and/or Abnormal behaviour analytics.



6.X.3.8	Get analytics data request
Table 6.X.3.8-1 describes information elements for the location-related UE group analytics request from the analytics consumer to the ADAE server.
Table 6.X.3.8-1: Get analytics data request
	Information element
	Status
	Description

	Requestor ID
	M
	The identifier of the consumer.

	Analytics ID
	M
	The identifier of the analytics event. This ID can be for example "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation analytics".

	Analytics type
	M
	The type of analytics for the event, e.g. statistics or predictions,

	Analytics filter information
	M
	Filter information for the analytics event.

	>Application Group ID
	O
	Application group identifier for which the analytics subscription applies.

	>Target VAL UE ID(s)
	O
	The identifier(s) of the VAL UE(s) for which the analytics subscription applies.

	>Area of Interest
	O
	The geographical or service area for which the subscription request applies.

	>Application Group profile(s)
	O
	Information about the Application Group(s) with common EAS (as defined in TS 23.558 [Y] Table 8.2.11-1).

	>Deviation
	O
	Deviation information, e.g. different moving direction or moving speed, distance with the group leader UE larger than an threshold.

	>>Group leader UE ID
	O
	The identifier of the group leader UE.

	>>Guideline
	O
	The guideline used for detecting deviation of group member UE, e.g. distance, moving direction, moving speed.

	>>Threshold
	O
	The threshold used for detecting deviation of group member UE from the other group members or group leader with the guideline.

	Preferred confidence level
	O
	The level of accuracy for the analytics service (in case of prediction).



6.X.3.9	Get analytics data response
Table 6.X.3.9-1 describes information elements for the Get location-related UE group analytics response from the ADAE server to the consumer.
Table 6.X.3.9-1: Get analytics response
	Information element
	Status
	Description

	Analytics ID
	M
	The identifier of the analytics event. This ID can be for example "UE(s) staying time duration analytics", "UE group route analytics", "UE density analytics", or "UE group member deviation analytics".

	Outputs for UE(s) staying time duration
	O
(NOTE 1)
	The reported analytics for UE(s) staying time duration analytics apply.

	>List of VAL UE ID(s)
	M
	List of identifiers of the VAL UE(s).

	>>VAL UE ID
	M
	Identifier of VAL UE.

	>>Location
	M
	Location information where the UE staying in an area.

	>>Time duration
	M
	Time duration of the UE staying in the location.

	>>Times UE leaves area
	O
	The number of times UE leaves the area.

	>>Times UE enters area
	O
	The number of times UE enters the area.

	>Timestamp
	O
	Time stamp of the collected analytics data.

	Outputs for UE group route
	O
(NOTE 1)
	The reported analytics for UE group route analytics apply.

	>List of EAS ID(s)
	M
	List of identifiers of EAS.

	>>EAS ID(s)
	O
	Identifier(s) of EAS(s).

	>>Route ID
	M
	The identifier of the common route for the UE(s) to EAS(s).

	>>VAL UE ID(s)
	M
	The identifiers of the VAL UE(s) which with the common route to the EAS(s).

	>Timestamp
	O
	Time stamp of the collected analytics data.

	Outputs for UE density
	O
(NOTE 1, NOTE 2)
	The reported analytics for UE density analytics apply.

	>Area of Interest
	M
	The geographical or service area.

	>Number of UE(s)
	O
	The number of UE(s) in the AoI.

	>Density of UE
	M
	The density of UE in the AoI.

	>Timestamp
	O
	Time stamp of the collected analytics data.

	Outputs for UE group member deviation
	O
(NOTE 1, NOTE 3)
	The reported analytics for group member deviation analytics apply.

	>Application Group ID
	M
	Application group identifier.

	>>Group leader UE ID
	O
	The identifier of the group leader UE.

	>List of VAL UE ID(s)
	M
	The VAL UE(s) which with different behaviour with the majority group members or the group leader.

	>>VAL UE ID
	O
	Identifier of the VAL UE.

	>>Deviation 
	O
	Detail information of deviation for the VAL UE, e.g., different moving direction or moving speed, distance with the group leader.

	>>Time duration
	O
	The time duration of this UE deviation.

	>Timestamp
	O
	Time stamp of the collected analytics data.

	Validity Time
	O
	The valid time duration of the analytics.

	Confidence level
	O
	For predictive analytics, the achieved confidence level can be provided.

	NOTE 1:	One of these shall be present based on the analytics event.
NOTE 2:	Statistics on UE density including e.g. distribution, minimum, maximum, and average density during the validity time.
NOTE 3:	Statistics on UE deviation including e.g. minimum, maximum, and average UEs moving into area, moving out of area, moving speed, and distance from group leader.



[bookmark: _Toc164675502][bookmark: _Toc164675591]6.X.4	Solution evaluation
This solution addresses the key issue #4 and introduces a new ADAE analytics on location-related UE group, e.g., statistics/predictions on time duration of UE(s) staying at an area, UE group route, UE density, and UE group member deviation. The solution supports location information exposure and the new analytics can be used for value-added location services. 
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