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1. Introduction
In TR 23.731 V 0.6.0, an enhancement of LCS architecture has been proposed as Solution 15, where a Location Management Component (LMC) is introduced in the RAN/UE. New procedures have been introduced to enable LMC registration and performance management at LMF in 5GC. In this contribution, we provide the procedures which allow for LMC management at AMF and make the comparison. Meanwhile, some explanations are added to remove the “Editor's note: whether this procedure can be merged into the previous one is FFS.”   
2. Proposal
The enhancement to LCS procedure is proposed to Solution 15 in TR 23.731. 
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6.15
Solution 15: Enhancement to LCS architecture
6.15.1
Introduction
This solution addresses the modified Key Issue 1 "Enhancement to LCS architecture" and proposes LMF architecture split by including Location Management (LM) capabilities in the NG-RAN and the UE. Further, the impact to the 5GC, particularly LMF, are discussed. The solution also applies to Key Issue#3 "support of low latency LCS" and Key Issue#8 "Support of IoT UEs".
6.15.2
Functional Description
The solution proposal includes LM capabilities assigned to the NG-RAN and UE, referred as RAN-LMC (Location Management Component) and UE-LMC respectively, as shown in Figure 6.15.2-1. Legacy LCS functions from TS 23.271 [6] as well as enhanced LCS functions based on new positioning requirements and methods may be mapped to these roles.
NOTE 1:
The bullets of roles in NG-RAN and UE listed in this clause are subject to further work from RAN WGs.
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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.

The LMF in 5GC should perform additional procedures in order to enable the RAN-LMC and UE-LMC to function in the enhanced LCS architecture:

-
Capability verification: Verify the positioning capabilities of RAN- or UE-LMCs.

-
Authorization: authorize RAN- or UE-LMCs to operate in the network.
-
Location group management: Manage grouping of RAN- or UE-LMCs for cooperation in order to meet positioning KPIs.

-
Privacy management: Configure privacy rules for information sharing between and within groups of RAN- or UE LMCs.

-
Location performance control: location performance management to control and guarantee overall positioning performance.
-
Subscriber management: Billing and charging for RAN- or UE-LMCs.

-
Location service management: allow for different and new types of location services to be provided by the RAN- or UE LMCs.
6.15.3
Procedures

6.15.3.1 RAN-LMC registration
Figure 6.15.3-1 shows a procedure which may be used by a RAN to register its LMC to LMF or by the LMF to activate a RAN-LMC in order to offload LCS traffic. This procedure is not associated with a UE location session. It is used to grant the use of a RAN-LMC at the LMF in 5GC. The procedure may be based on an NRPPa protocol in TS 38.455 between the LMF and NG-RAN. 
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Figure 6.15.3-1 Procedure for RAN-LMC registration at LMF
1. In case that the registration procedure is initiated by a RAN, the RAN includes an LMC registration request in an N2_Transport message.

2. The AMF selects an LMF and invokes the Namf_Communication_N2InfoNotify service operation towards this LMF to transfer the LMC registration request. The service operation includes the RAN node identity.

3. The LMF determines if the registration can be granted based on the RAN’s capability. In case that the procedure is initiated by the LMF, step 1 and 2 are omitted. Based on certain factors such as the LCS QoS and/or LMF traffic load, the LMF determines if an LMC in RAN should be granted.

4. The LMF invokes the Namf_Communication_N2MessageTransfer service operation towards the AMF to request the transfer of an LMC registration grant to a RAN node. The service operation includes the RAN node identity.
5. The AMF forwards the LMC registration grant to the RAN node indicated in step 4 in an N2 Transport message. The AMF includes a Routing identifier, in the N2 Transport message, identifying the LMF as the manager of the RAN-LMC.
NOTE 1:
Coordination procedures between UE and RAN-LMC should be studied within RAN scope.
Alternatively, RAN-LMC registration may be handled by AMF. The procedure is adjusted as it is shown in Figure 6.15.3-2. This procedure may be combined with NG setup or RAN configuration update procedure over NG-AP in TS 38.413 [25]. The AMF informs the LMF about the LMC registration using AMF service message.
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Figure 6.15.3-2: Procedure of RAN-LMC registration at AMF
6.15.3.2 LMC performance control
The LMF monitors the performance of the registered RAN-LMC by receiving LMC performance report. The LMC performance report may be provided in an on-demand or periodic manner. Figure 6.15.3-3shows the procedure for on-demand performance report. The performance reports may consist LCS QoS information and LCS load at RAN-LMC. The LMF makes further decision, such as deactivation or activation/usage of new RAN-LMCs, based on the performance report obtained. This procedure is not associated with a UE location session and based on an NRPPa protocol between the LMF and NG-RAN. 

[image: image4]Figure 6.15.3-3 Procedure for RAN-LMC performance control at LMF
1. The LMF invokes the Namf_Communication_N2MessageTransfer service operation towards the AMF to request the LMC performance report to a RAN node. The service operation includes the RAN node identity. 
2.
The AMF forwards the LMC performance report request to the RAN node indicated in step 1 in an N2 Transport message.

NOTE: Step 1-2 are optional and used only in case of LMF is requesting a LMC performance report (e.g., triggered by resource demanding/low latency location service request.). 

3.
The RAN-LMC obtains the performance report requested in step 2.
4.
The RAN node returns the performance report obtained in step 3 to the AMF in an N2 Transport message. The RAN node shall also include the Routing identifier of the manager LMF received at registration.

5.
The AMF invokes the Namf_Communication_N2InfoNotify service operation towards the LMF indicated by the routing identifier received in step 4. The service operation includes the LMC performance report received in step 4. 

Alternatively, RAN-LMC performance control may be handled by AMF. This procedure may be combined with the RAN configuration update procedure over NG-AP in TS 38.413[25] as it is shown in Figure 6.15.3-4. AMF may request performance report from LMC (e.g., triggered by resource demanding/low latency location service request), and determines whether a new LMC needs to be activated/deactivated/used, the required configuration of RAN-LMCs, based on the performance report (e.g., LCS QoS information and LCS load) obtained. The AMF may provide the performance report to LMF using AMF service message.
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Figure 6.15.3-4: Procedure for RAN-LMC performance control at AMF

In some circumstance, LMC registration and LMC performance control procedures can be combined. For instance, the LMC registration message may include also the LMC performance report information. Whenever the LMC performance changes, new LMC registration is performed. In case of high dynamics on LCS load, RAN-LMC needs to send more frequent performance report. It is therefore unnecessary to verify capability of RAN-LMC upon reception of every performance report. Meanwhile, LMF/AMF may request LMC performance report only when needed to reduce the signalling overhead. In such cases, two independent procedures would be necessary.  
6.15.4
Impacts on existing entities and interfaces
The enhanced LCS architecture requires LMC management functionalities implemented at LMF, such as LMC registration, capability verification and performance control. For the interactions between RAN-LMC and LMF, NRPPa protocol over N2 interface can be reused. 
In case the LMC management functionalities is implemented at AMF, the interactions between RAN-LMC and AMF may be based on new NGAP elementary procedures supporting LMC management, or be combined with the existing NG setup and/or RAN configuration update procedures.

For both options, NG-RAN supports the functionality of LMC.
6.15.5
Evaluation

This solution proposes to distribute location management capability in RAN/UE, allowing for more flexible resource usage. When sufficient measurements and assistance information can be obtained within RAN, position calculation may be carried out at LMC in RAN. This avoids the signalling overhead from sending measurements to the centralized LMF in 5GC. For use cases with stringent latency requirements, a LMF may authorize LMC close to UE in order to reduce the delay caused by communication to the LMF in CN.
The proposal also provides necessary procedures to include LMC management functionalities at either LMF or AMF. The pros and cons of the two options are summarized in Table X.

Table X

	
	Pros
	Cons

	LMC management at LMF
	Clean design: all LCS related functionalities are implemented at LMF.

Allow for different location management architecture (e.g., hierarchical)
	Longer communication path to LMC --> higher latency

	LMC management at AMF
	Shorter communication path to LMC --> lower latency


	Complex functionality split between AMF and LMF. Synchronization of LMC management needed between AMF and LMF.  
Increased complexity at AMF.
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