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Discussion and Decision
1
Introduction
To achieve low latency and high-performance location services (LCS), SA2 has discussed a solution where the NG-RAN node is enhanced to support location management functionality.
This has been further discussed in [1], where it is proposed to introduce an LMF-like function in the NG-RAN node that is tentatively called the location management component (LMC). The LMC should support location requests from functions internal to the NG-RAN node, for purposes such as Radio Resource Management (RRM), Minimization of Drive Tests (MDT), etc. This type of location request can be called RAN Induced Location Request (RI-LR).
Assuming RI-LR and low latency requests should be handled by the LMC, then there are different scenarios for concurrently handling other types of location requests (e.g. MT-LR with “normal” latency) that require coordination between the LMC and 5GC entities (i.e. AMF and LMF).
In this paper, we discuss coordination of location requests between the LMC and the relevant entities in the 5GC when there are multiple concurrent location requests for the same target UE.
2
Discussion
In the current Rel-15 LCS framework, the AMF contains the functionality responsible for managing positioning for a target UE for all types of location requests (e.g. NI-LR, MT-LR, and MO-LR). This includes LMF selection functionality, which is used by the AMF to determine an LMF for location estimation of the target UE.

In case of RI-LR, it is proposed in [1] that the AMF be made aware of location requests being handled by the LMC. Figure 1 illustrates the steps for RI-LR involving an LMC (see [1] for further details). 
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Figure 1: RI-LR involving LMC

When RI-LR is triggered (step 1), the NG-RAN node sends an LCS Indication message to the AMF (step 2). The message indicates that UE positioning is being performed locally (LCS session start), and includes attributes of the “local” LCS Request (location management information) that may be useful for the AMF, e.g. Location Quality of Service information, etc. The AMF then stores the received location management information in the UE location context (step 3), to be used for coordination of subsequent (concurrent) LCS requests.

For example, if the AMF subsequently receives a new LCS request (e.g. non-latency-sensitive MT-LR) while there is an ongoing location session at the LMC for the same target UE, the AMF is already aware (due to steps 2 and 3 of Figure 1) that a location session is ongoing at the LMC, and aware of the relevant attributes of the ongoing location session. Then, there are at least three different solutions for handling the MT-LR concurrently with the RI-LR.
Solution #1: Coordination performed by LMC

The AMF transfers the MT-LR to the NG-RAN node for handling by the LMC.
This solution is consistent with the current LMF selection functionality as described in section 5.1 of TS 23.273 [2] where concurrent location requests are preferably handled by the same location management entity, i.e. a new LCS Request is transferred to the LMF handling an ongoing location session if an LMF ID is available in the UE location context stored in the AMF.

In the case of LMC, the UE location context indicates that there is an LMC handling an ongoing location session, and therefore concurrent location requests are transferred by the AMF to the LMC. This enables the LMC to handle both requests in a coordinated and efficient way.
A potential drawback of this solution is that the LMC may end up handling non-latency-sensitive location requests. In some deployments, it may be desirable to use the LMC only for location requests that require high level QoS (e.g. low latency), while less demanding location requests continue to be served by LMF in the core network. This could be due to the more limited resources (e.g. processing power) at the NG-RAN node.
Solution #2: Coordination performed by AMF
The AMF handles the MT-LR itself. 
The AMF fetches the latest available UE location information from the LMC, if the ongoing location session has appropriate attributes in terms of e.g. accuracy, expected age, etc. The LMC provides the already available UE location information to the AMF, and the AMF sends the LCS Response to the requesting entity.
This solution leverages the UE location information already available in the LMC, and thus does not require additional NG-RAN resources. Also, it avoids transferring non-latency-sensitive MT-LR to the LMC. However, a potential drawback is that it creates new functionality in the AMF since it must support a subset of LMF functionality (e.g. interpreting and responding to LCS Requests).

Solution #3: Coordination performed by LMF
The AMF transfers the MT-LR to an “enhanced” LMF in the 5GC.

When transferring the MT-LR to the “enhanced” LMF, the AMF also provides information about the location requests being handled by the LMC (i.e. location management information provided by the LMC to the AMF in step 2 of Figure 1). 
The selected LMF is “enhanced” (compared to legacy LMF functionality) to take the location management information into account when handling the MT-LR. For example:

a)
The LMF may fetch the latest available UE location information from the LMC, if the ongoing location session has appropriate attributes in terms of e.g. accuracy, expected age, etc.; or

b)
The LMF may handle the MT-LR in an independent way that does not conflict with the LMC. This may make sense if the MT-LR does not require high accuracy, and thus the LMF is able to handle the request using E-CID that does not conflict with radio configurations being used by the LMC.

This solution enables a deployment to use the LMC only for location requests that require high level QoS (e.g. low latency), while less demanding location requests continue to be served by LMFs in the core network. It also minimizes AMF functional impact.
If the LMF is already handling an existing MT-LR when an RI-LR is triggered at the NG-RAN node, solution #3 would work as follows:
-
At step 3 of figure 1, in addition to storing the location management information from the LCS Indication message in the UE Location Context, the AMF sends the information (e.g. transfers the LCS Indication message) to the LMF that is currently handling the MT-LR.

-
The LMF can then take the location management information into account to adapt its handling of the existing MT-LR, to either fetch the latest available UE location information from the LMC or handle the MT-LR in a way that does not conflict with the LMC.
3
Conclusion

In this paper, we discussed the coordination of concurrent location requests while a location session is ongoing in the LMC. Three different solutions for handling a concurrent MT-LR were analyzed, where coordination is performed at either the LMC, AMF, or LMF. Each solution has advantages depending on factors such as deployment, use case, UE type, etc. The three solutions could in fact co-exist, where the AMF choses the coordinating entity based on its knowledge of the ongoing location session and the received MT-LR.
Proposal:
In the TR, capture the three solutions for coordination between LMC and 5GC entities, i.e. coordination performed at the LMC, AMF, or LMF.
A text proposal for the TR is provided in the appendix.
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Appendix: Text Proposal for TR 38.xxx
X.Y
Coordination and coexistence with LMF in the 5GC
If the AMF subsequently receives a new LCS request (e.g. non-latency-sensitive MT-LR) while there is an ongoing RI-LR at the LMC for the same target UE, the AMF is already aware that a location session is ongoing at the LMC, and aware of the relevant attributes of the ongoing location session. Then, there are at least three different solutions for handling the MT-LR concurrently with the RI-LR.
Solution #1: Coordination performed by LMC

The AMF transfers the MT-LR to the NG-RAN node for handling by the LMC.

This solution is consistent with the current LMF selection functionality as described in section 5.1 of TS 23.273 [2] where concurrent location requests are preferably handled by the same location management entity, i.e. a new LCS Request is transferred to the LMF handling an ongoing location session if an LMF ID is available in the UE location context stored in the AMF.

In the case of LMC, the UE location context indicates that there is an LMC handling an ongoing location session, and therefore concurrent location requests are transferred by the AMF to the LMC. This enables the LMC to handle both requests in a coordinated and efficient way.

A potential drawback of this solution is that the LMC may end up handling non-latency-sensitive location requests. In some deployments, it may be desirable to use the LMC only for location requests that require high level QoS (e.g. low latency), while less demanding location requests continue to be served by LMF in the core network. This could be due to the more limited resources (e.g. processing power) at the NG-RAN node.
Solution #2: Coordination performed by AMF
The AMF handles the MT-LR itself.

The AMF fetches the latest available UE location information from the LMC, if the ongoing location session has appropriate attributes in terms of e.g. accuracy, expected age, etc. The LMC provides the already available UE location information to the AMF, and the AMF sends the LCS Response to the requesting entity.
This solution leverages the UE location information already available in the LMC, and thus does not require additional NG-RAN resources. Also, it avoids transferring non-latency-sensitive MT-LR to the LMC. However, a potential drawback is that it creates new functionality in the AMF since it must support a subset of LMF functionality (e.g. interpreting and responding to LCS Requests).

Solution #3: Coordination performed by LMF
The AMF transfers the MT-LR to an “enhanced” LMF in the 5GC.

When transferring the MT-LR to the “enhanced” LMF, the AMF also provides information about the location requests being handled by the LMC (i.e. location management information provided by the LMC to the AMF in step 2 of Figure 1). 
The selected LMF is “enhanced” (compared to legacy LMF functionality) to take the location management information into account when handling the MT-LR. For example:

a)
The LMF may fetch the latest available UE location information from the LMC, if the ongoing location session has appropriate attributes in terms of e.g. accuracy, expected age, etc.; or

b)
The LMF may handle the MT-LR in an independent way that does not conflict with the LMC. This may make sense if the MT-LR does not require high accuracy, and thus the LMF is able to handle the request using E-CID that does not conflict with radio configurations being used by the LMC.

This solution enables a deployment to use the LMC only for location requests that require high level QoS (e.g. low latency), while less demanding location requests continue to be served by LMFs in the core network. It also minimizes AMF functional impact.
If the LMF is already handling an existing MT-LR when an RI-LR is triggered at the NG-RAN node, solution #3 would work as follows:

-
At step 3 of figure 1, in addition to storing the location management information from the LCS Indication message in the UE Location Context, the AMF sends the information (e.g. transfers the LCS Indication message) to the LMF that is currently handling the MT-LR.

-
The LMF can then take the location management information into account to adapt its handling of the existing MT-LR, to either fetch the latest available UE location information from the LMC or handle the MT-LR in a way that does not conflict with the LMC.

