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1   Introduction
In LTE specification [3], the UE location report function is supported for connected UEs to enable MME to be aware of UE current location at a cell level accuracy for the purposes of emergency services or charging, etc. 
SA2 agreed in [1] and [2] that the UE location report function shall be supported by NG-RAN for UEs in CM-CONNECTED state and in RRC_INACTIVE state. However, this function is still absent in RAN3 specifications. 
In this paper, we propose to introduce the UE location report function and procedures as per SA2 specifications.
2   Discussion
In TS 23.502 [2], the UE location report procedures is designed as follows:
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Figure 1. Location Reporting Procedure in TS 23.502
1. 
The AMF sends a Location Reporting Control message to the NG-RAN. The Location Reporting Control message shall identify the UE for which reports are requested, the requested location information and Reporting Type. Requested location information could be TAI+ Cell Identity. Reporting Type indicates whether the message is intended to trigger a single standalone report about the current Cell Identity serving the UE or start the NG-RAN to report whenever the UE changes cell, or ask the NG-RAN to report whenever the UE moves out or into the Area Of Interest. If the Reporting Type indicates to start the NG-RAN to report when UE moves out of or into the Area Of Interest, the AMF also provides the requested Area Of Interest information (i.e. list of TAI) in the Location Reporting Control message. The AMF may include a Request Reference ID in the Location Report Control message to identify the request for the Area Of Interest.
2. 
The NG-RAN sends a Location Report message informing the AMF about the location of the UE which shall include the requested location information. When UE is in CM-CONNECTED with RRC Inactive state, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type indicating single stand-alone report, the NG-RAN shall perform NG-RAN paging before reporting the location to AMF. When UE is in CM-CONNECTED with RRC Inactive state, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type indicating continuously reporting whenever the UE changes cell, the NG-RAN shall send a Location Report message to the AMF including the UE's last known location with time stamp. When UE is in CM-CONNECTED, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type of Area Of Interest based reporting, the RAN shall send a Location Report message to AMF including the UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) and the UE's current location (when the UE is in RRC Connected state) or the UE's last known location with time stamp (when the UE is in RRC Inactive state).
If the Reporting Type indicates one of the requested Area Of Interest based reporting, the NG-RAN shall track the UE presence in Area Of Interest (i.e. IN, OUT or UNKNOWN status) and send the Location Report message to AMF if the NG-RAN perceives that the UE presence in the Area Of Interest is different from the last one reported. When the NG-RAN detects that the UE has moved out of or into multiple areas of interest, it send only one Location Report message to AMF. The location Report message includes the UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) and the UE's current location (when the UE is in RRC-CONNECTED) or the UE's last known location with time stamp (when the UE is in RRC Inactive state).
3. 
The AMF can send a Cancel Location Reporting message to inform the NG-RAN that it should terminate location reporting for a given UE. This message is needed when the reporting type was requested for continuously reporting or for the Area Of Interest. The AMF may include the Request Reference ID which indicates the requested Location Reporting Control for the Area Of Interest, so that the NG-RAN should terminate the request of location reporting for the UE.
While the Location Reporting with the type of Area Of Interest based reporting is configured, the NG-RAN tracks the UE presence in the Area Of Interest as follows:

-
IN:

-
if the UE is inside the Area Of Interest and the UE is in RRC Connected state; or

-
if the UE is inside an RNA which is contained within the Area Of Interest.

-
OUT:

-
if the UE is outside the Area Of Interest in RRC Connected state; or

-
if UE is inside an RNA which does not contain any part of Area Of Interest.

-
UNKNOWN if the UE is inside an RNA which contains whole or part of the Area Of Interest and the Area Of Interest does not contain the whole RNA, and if the UE is in RRC Inactive state.
Procedures:

According to above quotations, the following NGAP class 2 procedures are needed:
· Location reporting control

· Location report

· Location reporting failure

Proposal 1: Class 2 procedures Location Reporting Control, Location Report, and Location Report Failure are introduced to NGAP for support of UE location reporting in NG-RAN.

To cancel an ongoing location report for a UE, it is said in SA2 spec that The AMF can send a Cancel Location Reporting message to inform the NG-RAN that it should terminate location reporting for a given UE. However, in LTE the cancel of location reporting for a UE is implemented by an enumerated value Stop Change of service in the event type IE in location reporting control message. In NG-RAN, we may follow the same design. 

Proposal 2: The cancel of location reporting for a UE is implemented by enumerated values in the event type IE in location reporting control message.
Information Elements in Location Reporting Control message:
And it is said in SA2 specification that the Location Reporting Control message may include:

· UE identity,

· requested location information,

· report type (single standalone report, reporting whenever UE changes cell, or reporting whenever UE moves out of or into the area of interest),

The report type of reporting when moving out/into area of interest is a new type to be introduced in NG-RAN. 
· list of TAI as the requested area of interest if report type is to report whenever UE moves out of or into the area of interest.

· Reference ID of the AOI.

Because the AMF may initiate Location Reporting to NG-RAN for a UE for multiple areas of interest [1]. Hence, AMF and NG-RAN need to differentiate which AOI that a Location Report belongs to the by Reference ID. 
Proposal 3: The location reporting control message contains IEs: UE identity, requested location information, report type, requested area of interest, and reference ID of the AOI.

Information Elements in Location Report message:
For the location report message, there are four cases:
· Case 1: UE is in CM-CONNECTED state.
In this case, the UE latest location will be reported according to the report type.
· Case 2: UE is in CM-CONNECTED with RRC Inactive state, and reporting type is single stand-alone report.

· the RAN shall perform RAN paging before reporting the location to AMF.  Then RAN will report the UE latest location if the UE resumes in the anchor gNB.
· Case 3:  UE is in CM-CONNECTED with RRC Inactive state, and reporting type is continuously reporting whenever the UE changes cell.
· the RAN shall send a Location Report message to AMF including UE's last known location with time stamp.
· Case 4: UE is in CM-CONNECTED with RRC Inactive state, and reporting type is Area Of Interest based reporting
· the RAN shall send a Location Report message to AMF including UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) and the UE's last known location with time stamp.
Proposal 4: In the location report message, NG-RAN will according to the report type report UE’s location to AMF which could be: 
· UE latest location: TAI+ ECGI or NRCGI, 

· UE last know location with time stamp,

· Presence in the AOI.
3   Conclusion
In this paper, we discuss how to support the location reporting function in NG-RAN for both RRC_CONNECTED and RRC_INACTIVE UEs, and we have the following proposals.

Proposal 1: Class 2 procedures Location Reporting Control, Location Report, and Location Report Failure are introduced to NGAP for support of UE location reporting in NG-RAN.

Proposal 2: The cancel of location reporting for a UE is implemented by enumerated values in the event type IE in location reporting control message.
Proposal 3: The location reporting control message contains IEs: UE identity, requested location information, report type, requested area of interest, and reference ID of the AOI.

Proposal 4: In the location report message, NG-RAN will according to the report type report UE’s location to AMF which could be: 

· UE latest location: TAI+ ECGI or NRCGI, 

· UE last know location with time stamp,

· Presence in the AOI.
Further, we provides the stage 2 TP for 38.410 in section 5, stage 3 TP for 38.413 and 38.423 in [4] and [5].
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5   Text Proposals to 38.410
<<<<<<<<<<<<<<<<<<<< Text Proposal Begin >>>>>>>>>>>>>>>>>>>>
5. X

Location reporting function

The positioning function performs the determination of the geographical position of the UE in RRC_CONNECTED state and in RRC_INACTIVE state. 
This function allows the AMF to request the NG-RAN for a given UE either to report directly the current serving cell or to report upon change of serving cell, or to report UE’s last known location with time stamp, or to report the UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN).
<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
6. X

Location reporting Procedures

The following list of location reporting procedures are used to report the UE location to the AMF:

-
Location Reporting Control procedure;

-
Location Report procedure;
-
Location Reporting Failure Indication procedure.
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