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Introduction
SA2 as part of their study on enhancement to the 5GC location services are looking into identifying the ways in which RAN node (gNB) could be location aware.
The expectation from SA2 side is that location service exposure is supported by the 5G system. Location service exposure is to allow the authorized external party to obtain the UE location to enable their application and services, and location service exposure needs to comply with privacy and security regulation. 
In this paper, we review the architecture that impacts RAN2. There are various options provided. We list those options in this paper
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Solution#15. Enhancement to LCS architecture
In this option, termed solution#15 in SA2 document, proposes LMF architecture split by including Location Management (LM) capabilities in the NG-RAN and the UE.


Figure 6.15.2-1: Enhanced LCS architecture with local LMF
The RAN-LMC and UE-LMC perform partial location management role in the RAN and UE respectively and implement a subset of the functionalities of the LMF in the 5GC, as well as new functionalities arising out of performing location management at the RAN/UE levels.
The RAN-LMC and UE-LMC perform the following roles in the enhanced LCS architecture:
-	Location measurement collection: collect location-related measurements for the Uu interface.
-	Position calculation: compute absolute/relative positions based on collected location measurements.
-	Location information report: report calculated positions to requesting entities over the Uu interface.
-	Cooperation among peers: share location measurements, position-related information, load balancing, etc. among peer LMCs.
-	Positioning performance monitoring: monitor and predict positioning performance.
-	Communication to CN: Communicate with LMF, AMF and other 5GC LCS functions.
NOTE 2:	Details of some LCS functionalities and new positioning methods should be studied in RAN WGs.
[bookmark: _Toc528663927][bookmark: _Toc528858111][bookmark: _Toc528859949]From RAN2 perspective, as specified in Note 2: details of some LCS functionalities and new positioning methods should be studied in RAN.


Solution#11: NG-RAN Location exposure procedure
This procedure is used by an NG-RAN to request the AMF to report the current the UE location when the target UE is in CM-CONNECTED state. This is defined as solution#11 in SA2 TR23.731
The flow below indicates the procedure where NG-RAN requests Location service:


Figure 6.11.3.1-1: Location service exposure to NG-RAN
1.	The NG-RAN verifies the UE is in CM CONNECTED mode.
2.	The NG-RAN sends a RAN Location Request message to the AMF. The RAN Location Request message shall, using a temporary identifier, identify the UE for which location is requested and shall define the requested location information.
3.	The AMF verifies that the NG-RAN is authorized per operator policy to receive the requested location information and that subscription data, retrieved from UDM per Registration Management procedures, indicates that subscriber has given consent to provide location information to NG-RAN.
4.	The AMF initiates an 5GC NI-LR procedure to determine location of the target UE.
5.	The AMF sends RAN Location Response to the NG-RAN.

[bookmark: _Toc527980474][bookmark: _Toc528500001][bookmark: _Toc528663928][bookmark: _Toc528858112][bookmark: _Toc528859950]From RAN2 perspective, for above, a new procedure would be required that can invoke RAN Location Request trigger towards AMF and obtain the location response from the AMF.

Solution#23 Enhanced NG-RAN Location Reporting Procedure
Below Figure shows the procedure used by a serving AMF to obtain a location estimate for the target UE from the NG-RAN with higher location accuracy than that possible using cell ID based location.



Enhanced NG-RAN Location Reporting Procedure

Precondition:	The UE is initially in CM_CONNECTED state.
1.	The AMF sends a Location Reporting Control message to the NG-RAN containing the information identifying the UE, a Reporting Type, an optional Location Reporting Level (e.g. indicating an area of interest), a Location QoS and optionally a maximum duration or maximum number of reports for triggered location. The Reporting Type can indicate a one-time location or a series of triggered locations based on criteria such as a change of serving cell, a fixed periodic interval or entry into or exit from an area of interest.
Editor's note:	The supported triggering events may align with those defined in Release 15 or may include additional triggering events such as fixed periodic events or movement of the UE by more than some threshold distance. The triggering events can be defined to align with triggering events used for GMLC based location to enable a unified location service from an NEF.
2.	Depending on the location QoS requested in step 1, the NG-RAN may send a Location Measurement Request to the UE to request location measurements from the UE (e.g. of signals transmitted by the NG-RAN).
3.	If step 2 occurs, the UE obtains and returns the requested location measurements.
4.	Using any location measurements provided at step 3, any recent location measurements previously received from the UE and/or location measurements for the UE obtained by the NG-RAN, the NG-RAN determines the UE location.
Editor's note:	Support of steps 2-4 depends on new procedures and possibly new measurements to be agreed and added by RAN.
5.	The NG-RAN returns the UE location to the AMF in a Location Report message.
6.	If triggered UE locations were requested at step 1, the NG-RAN waits until a trigger event occurs and then proceeds to step 7.
7-10.	The NG-RAN repeats steps 2-5. Steps 6-10 are then repeated until a maximum number of reports or maximum duration is attained or until step 11 occurs.
11.	For triggered location reporting, the AMF may cancel the location reporting in the NG-RAN - e.g. if no maximum duration or maximum number of reports was included at step 1.
[bookmark: _Toc528500002][bookmark: _Toc528663929][bookmark: _Toc528858113][bookmark: _Toc528859951]From RAN2 perspective, for above, as per the Editor’s note; support for steps 2-4 depends on new procedures and possibly new measurements to be agreed and added by RAN.

For step 3, the measurements that the UE can send for the RAN to calculate the location could be E-CID type or mobility measurements. As the objective is to obtain higher location accuracy than that possible using cell ID. Thus, it can be E-CID based measurements such as RSRP/RSRQ from serving and neighbour cells can be reported. NG-RAN can perform multilateration and fingerprinting (converting quality domain to spatial domain) of the received RSRP/RSRQ to estimate position. AoA, UE Rx-Tx time difference are other useful information. 

[bookmark: _Toc528500004][bookmark: _Toc528663930][bookmark: _Toc528859963][bookmark: _Toc528076406]Serving and neighbour cells RSRP/RSRQ, UE Rx-Tx or AoA can be used in above step 3 as measurement variables.
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Solution#26 Local LCS architecture 
In this solution, solution#26, in SA2 document, it is proposed that a Local LMF (LLMF) might reside in the NG-RA as depicted in figure below. In solution the LLMF and NG-RAN is proposed to include following functionalities:
-	Supports location determination for a UE served by the NG RAN if it contains Local LMF capability.
-	Obtaining downlink location measurements or a location estimate from the UE.
-	Obtaining uplink location measurements.
-	Obtaining non-UE associated assistance data from the neighbour NG RAN(s).
-	Dynamic coordination of positioning resources of the neighbour NG RAN(s).
-	Communication with LMF, AMF and other 5GC LCS function entities.
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1.	The AMF receives the location service request Message from the GMLC or UE.
2.	The AMF may invoke the Nnrf_NFDiscovery_Request service operation from the NRF to find a suitable LMF to continue the location request procedure.
3.	The NRF replies with the list of potential LMF(s) and their service capability information. The list contains LLMFs and LMFs. Based on LMF selection factors in clause 6.14.3.0, the AMF may chose to use the LLMF within current serving NG-RAN of the target UE to continue the location request.
4.	The AMF communicates the Location Determine Request to the Local LMF.
5.	The local LMF initiates location operations with the gNB/UE to obtain positioning measurements, the positioning signalling between the Local LMF and the gNB/UE in this solution is to be defined by RAN.
6.	The Local LMF computes the position estimate and returns it to the AMF, via Location Determine Response.
7.	The AMF forwards it to the requesting entity (e.g. UE or GMLC).
If the local LMF related information is stored in the serving AMF, the above step 2 and 3 should be omitted. The AMF can discover a suitable Local LMF serving this UE by itself.
Editors' note:	The details of communication between AMF and Local LMF are FFS and needs to be further studied in cooperation with RAN. E.g. in step 4 and 6, the AMF and LLMF may exchange messages directly or via NG-RAN.

[bookmark: _Toc528859953]From RAN2 perspective, for above, as per the Editor’s note; details of communication between AMF and Local LMF depends on new procedures and to be agreed and added by RAN.



Conclusion
In section 2 we made the following observations:
Observation 1	From RAN2 perspective, as specified in Note 2: details of some LCS functionalities and new positioning methods should be studied in RAN.
Observation 2	From RAN2 perspective, for above, a new procedure would be required that can invoke RAN Location Request trigger towards AMF and obtain the location response from the AMF.
Observation 3	From RAN2 perspective, for above, as per the Editor’s note; support for steps 2-4 depends on new procedures and possibly new measurements to be agreed and added by RAN.
Observation 4	From RAN2 perspective, for above, as per the Editor’s note; details of communication between AMF and Local LMF depends on new procedures and to be agreed and added by RAN.

Based on the discussion in section 2 we propose the following:
Proposal 1	Serving and neighbour cells RSRP/RSRQ, UE Rx-Tx or AoA can be used in above step 3 as measurement variables.
Proposal 2	RAN2 to further discuss for step 3 above what would be the measurements that can be used for estimating position in RAN.





[bookmark: _In-sequence_SDU_delivery]References
RP-182155, “Study on NR positioning support”, RAN1, Intel Corporation, Ericsson 
3gpp TR 23.731  “Study on Enhancement to the 5GC LoCation Services”

	1/2	
image1.emf
5GC

GMLC

LRF

UDM

AMF

LMF

NG RAN

UE

External 

Client

N2

NLs

NLg

NLh

Le

Le

N1

RAN-LMC

UE-LMC


Microsoft_Visio_2003-2010_Drawing.vsd
GMLC


LRF


UDM


AMF


LMF


NG RAN


UE


External Client


5GC


N2


NLs


NLg


NLh


Le


Le


N1


RAN-LMC


UE-LMC



image2.emf
GMLC

NG-RAN AMF

LMF

1. UE in CM CONNECTED mode

2. RAN Location Request

3. Authorization

4. 5GC NI-LR procedure

5. RAN Location Response

UE


Microsoft_Visio_Drawing.vsdx




GMLC



NG-RAN



AMF



LMF
1. UE in CM CONNECTED mode
2. RAN Location Request
3. Authorization
4. 5GC NI-LR procedure
5. RAN Location Response



UE



image3.emf
UE NG-RAN

AMF

1. Location Reporting Control  (Location QoS)

4. Determine UE Location

2. Location Measurement Request

3. Location Measurement Response

5. Location Report

9. Determine UE Location

7. Location Measurement Request

8. Location Measurement Response

10. Location Report

6. UE Trigger Event

11. Cancel Location Reporting


Microsoft_Visio_2003-2010_Drawing1.vsd
UE


NG-RAN


AMF


2. Location Measurement Request


3. Location Measurement Response


5. Location Report


9. Determine UE Location



image4.emf
5GC

GMLC

LRF

UDM

AMF

LMF

NG RAN

UE

External 

Client

N2

NLs

NLg

NLh

Le

Le

N1

Local 

LMF


Microsoft_Visio_2003-2010_Drawing2.vsd
GMLC


LRF


UDM


AMF


LMF


NG RAN







UE


External Client


5GC


N2


NLs


NLg


NLh


Le


Le


N1


Local LMF



image5.emf
NG-RAN

NG-RAN

AMF

AMF

NRF

NRF

2. Nnrf_NFDiscovery_request

5. Positioning measurement 

related procedures

4. Location_Determine Request

LLMF

LLMF

UE

UE

GMLC

GMLC

1b. Namf_LCS_request

3. Nnrf_NFDiscovery_response

6.Determine Response

7b. Namf_LCS_response

1a. LCS_request

7a. LCS_response


Microsoft_Visio_2003-2010_Drawing3.vsd
NG-RAN


AMF


NRF


7b. Namf_LCS_response


2. Nnrf_NFDiscovery_request


5. Positioning measurement related procedures


4. Location_Determine Request



6.Determine Response



LLMF


UE


GMLC


1b. Namf_LCS_request


3. Nnrf_NFDiscovery_response


1a. LCS_request


7a. LCS_response



