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Abstract: This paper aims to discuss the work tasks between NWDAF and location service.
[bookmark: _Toc352077766]1. Discussion
0. Background
In Release 18, both SID FS_eNA_Ph3 and SID FS_eLCS_Ph3 have been approved to have discussions on the further architecture enhancement and new cases, especially the interactions between NWDAF and location service.
[bookmark: _Hlk93872153]In the SP-211650, the WT#4.2 of FS_eNA_Ph3 is required to consider the smaller granularity than TA or cell level.
[bookmark: _Hlk93872271]WT#4.2: NWDAF enhancements considering the finer granularity of location information than TA and cell level 
 NOTE:    Coordinated activities between the study FS_eLCS_PH3 and this study are needed if NWDAF need to get Location information.
[bookmark: _Hlk93874360]In the SP-211637, the FS_eLCS_Ph3 also has the WT#2 to study the bidirectional benefits.
· [bookmark: _Hlk93874417]WT#2: Study how the location services can benefit from NWDAF reporting and how the NWDAF use cases can benefit from location services, e.g. enhanced accuracy in certain UE location or population flow statistics data that require UE locations smaller than TA/cell
Observation 1: The interactions between NWDAF and location service, which are associated with FS_eNA_Ph3 and FS_eLCS_Ph3, has not been studied yet. The split of the work between NWDAF and location service is needed.

0. The enhancement of NWDAF with the benefit from location service
In Release 17, the location information (e.g. the Current Location or the Last Known location of the UE) can be retrieved by the NWDAF and UE mobility analytics data can be provided by NWDAF, which has the granularity in TA and cell level based on Table 6.7.2.2-1 and Table 6.7.2.3-1 in TS 23.288. 

Table 6.7.2.2-1: UE Mobility information collected from 5GC 
	Information
	Source
	Description

	UE ID
	AMF
	SUPI

	UE locations (1..max)
	AMF
	UE positions

	   >UE location
	
	TA or cells that the UE enters (NOTE)

	   >Timestamp 
	
	A time stamp when the AMF detects the UE enters this location

	Type Allocation code (TAC)
	AMF
	To indicate the terminal model and vendor information of the UE. The UEs with the same TAC may have similar mobility behaviour. The UE whose mobility behaviour is unlike other UEs with the same TAC may be an abnormal one.

	Frequent Mobility Registration Update
	AMF
	A UE (e.g. a stationary UE) may re-select between neighbour cells due to radio coverage fluctuations. This may lead to multiple Mobility Registration Updates if the cells belong to different registration areas. The number of Mobility Registration Updates N within a period M may be an indication for abnormal ping-pong behaviour, where N and M are operator's configurable parameters.

	UE access behaviour trends
	AMF
	Metrics on UE state transitions (e.g., access, RM and CM states, handover).

	UE location trends
	AMF
	Metrics on UE locations.

	NOTE:	UE location includes either the last known location or the current location, under the conditions defined in Table 4.15.3.1-1 in TS 23.502 [3].



Table 6.7.2.3-1: UE mobility statistics
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE 1).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Observed location statistics (see NOTE 2)

	      >> UE location
	TA or cells which the UE stays (see NOTE 3)

	      >> Ratio
	Percentage of UEs in the group (in the case of a UE group)



[bookmark: _Hlk93872758]From the point of NWDAF, the high-accuracy location information provided, the higher granularity of UE mobility statistics in the output by NWDAF will be offered. And the location information with more KPI reporting (e.g. latency and availability) is desired by NWDAF to increase the granularity of QoS predictions with higher-frequency freshness. however, much additional information in location service (e.g. speed, and heading) can be provided to improve the analysis performance, e.g. speed along with the location estimate can enable congestion monitoring and average travel time estimates between locations.
[bookmark: _Hlk93873640]As a consequence, whether and how the finer UE location and/or other information can be provided to NWDAF is needed to be studied. For example, which type of information needs to be retrieved to NWDAF to improve the analysis performance, e.g. latency, higher resolution timestamp and speed?
Considering the accuracy of the location information, the provision of finer granularity than TA and cell level can be realized. Based on Table 7.3.2.2.1 in TS 22.261, the horizontal accuracy and the vertical accuracy can be provided at a level smaller than one meter indoors or outdoors, which advantages improving the analysis performance in NWDAF. Nevertheless, it is not distinct how NWDAF acquires them.
[bookmark: _Hlk93873654]Therefore, how NWDAF acquires the high-accuracy location information with the necessary additional information should be considered. For example, whether the enhancement (e.g. analytics ID) of the architecture of NWDAF is needed or not?

Table 7.3.2.2-1 Performance requirements for Horizontal and Vertical positioning service levels
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical Accuracy
(note 1)
	
	
	5G positioning service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor 
(rural and urban) up to 250 km/h

	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99,9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0,3 m
	2 m
	99 %
	1 s
	Outdoor 
(rural) up to 250 km/h
	Outdoor 
(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0,3 m
	2 m
	99,9 %
	10 ms
	NA
	Outdoor 
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0,2 m
	0,2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each other (note 3)

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 	Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).




[bookmark: _Hlk93873673]The NWDAF can retrieve and collect plenty of data and then provide some valuable information to consumers, e.g. UE mobility analytics and prediction. It deserves to consider how does NWDAF improve the analysis performance and provide the analysis statistics based on the high-accuracy location information. For example, which analytics ID needs the high-accuracy location information, how the high-accuracy location information can increase the granularity of QoS predictions with higher-frequency freshness.
Furtherly, the following use cases extracted from S2-2104425 may be considered in NWDAF with the high-accuracy location information provision, if necessary.
· Population flow statistics data: estimate population flows in specific areas, as well as specific routes, distances and speeds travelled. Data could be used to plan the efficient operation of rail and roadway networks during rush hours to accommodate both tourists and commuters. In order to derive the statistics of a population, the precise location information improves the accuracy. 
· Inference of taste and recommendation based on visited places: it is important to consider the location information before sending the recommendation. The exact location is crucial for deriving the analysis for location-based services (for example, media service). 
· Measuring the number of viewers who see outdoor advertisements: In order to measure the users who see the advertisement in a specific location, statistical information of a specific location is required to estimate the viewers of an advertisement.

Observation 2: The study of the enhancement of NWDAF with the benefits from location service is required. The following questions need to be addressed on the NWDAF side:
· Which type of information including high-accuracy location information to be retrieved by NWDAF to improve the analysis performance. 
· How NWDAF to improve the analysis performance and provide the analysis statistics based on the high-accuracy location information. 
· How to acquire the high-accuracy location information with the necessary additional information in NWDAF. 
· Which use cases requires location information with finer granularity than TA/cell level.

0. The enhancement of location service with the benefit from NWDAF
The location service and the NWDAF are the two key features of the 5G system. The location service can provide information (e.g. high-accuracy location information) and request analytics data (e.g. population flow analytics) from the NWDAF. The NWDAF can interact with different entities by collecting different data to improve the analysis performance, e.g. UE mobility data information provided by AMF and GMLC.
[bookmark: _Hlk93875424]To achieve high-accuracy location information provision, it is needed to study whether the enhancement of the location service to support interacting with the NWDAF and how to. For example, which network function entity in the location architecture interacts with the NWDAF, whether existing location procedures can be re-used or not?
Many network function entities make the decisions by making use of the analytics data from NWDAF. So, what kind of analytics data can be made use of by the LMF should be considered. Furtherly, the study of whether and how the positioning performance can benefit from NWDAF is also required. For example, how does the LMF select the optimized positioning strategy (e.g. power saving aspect) to improve location service performance? 
Observation 3: The study of the enhancement of location service with the benefits from NWDAF is required. The following questions need to be addressed on the location service side:
· Whether the enhancement of the location service to provide the finer granularity location information to support interacting with the NWDAF and how to enhance it. 
· What kind of analytics data to be made use of by the network entities to improve the location service performance. 
· How to improve the location service performance based on analytics data provided by NWDAF. For example, how to select the optimized positioning strategy, e.g. power saving aspect. 
2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]Considering the interaction between NWDAF and location service in the discussion, it is proposed to approve the two pCRs (S2-2200696 and S2-2200819), which separately includes a KI in the FS_eLCS_Ph3 and FS_eNA_Ph3 study.
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