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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 has direct access to configuration information and measurements in the hosting NG-RAN node. However, some scenarios require transfer of information over the Xn interface. In this paper, we discuss the impact on the Xn interface for the following scenarios:

1) 
LMC co-located with the serving NG-RAN node; and
2)
LMC change due to UE mobility

2
Discussion 
2.1
LMC co-located with serving NG-RAN node
In this scenario, a low latency positioning request is triggered for a target UE which is served by an NG-RAN node equipped with an LMC. 

In the conventional case where the positioning session is handled by the LMF in the core network, the LMF exchanges the required information with the UE via the LPP protocol and with the NG-RAN nodes via the NRPPa protocol. 
When the positioning session is handled by the LMC, the LMC can directly access the configuration information and measurements from the serving NG-RAN node, but information from neighboring NG-RAN nodes may also be needed by the LMC. Some examples of this location information required between neighboring nodes are described below.   
Network assistance data
Certain positioning methods require network assistance data to determine a location estimate for the UE. For example, in the DL-TDOA positioning method, the UE location is estimated based on measurements taken at the UE with knowledge of the PRS configuration of cells being measured. The PRS configuration may need to be dynamically updated, particularly in case of FR2 [2][3].

Considering that LMC can be placed in the RAN, and that measurements from different cells are needed, the LMC should be able to request the PRS configuration from neighboring NG-RAN nodes. The LMC can evaluate which are the PRS that a target UE should measure to obtain the required accuracy, and request the UE to perform the measurements, or request the neighboring cell to modify its PRS configuration.
As a result, XnAP should support: 

-
Transfer of PRS configuration information 

-
Request for change in the PRS configuration
UE measurements:
Certain positioning methods (e.g. RTT, AoA, and UL-TDOA) require network-based measurements, which may be needed from neighboring NG-RAN nodes.

As a result, XnAP should support:
· Transfer of UE measurements.
Proposal 1:
XnAP should support the transfer of PRS configuration information, request for change in the PRS configuration, and transfer of UE measurements.

2.2
LMC Change due to UE mobility

In this scenario, the positioning session is migrated from the currently hosting LMC to another LMC located at a neighboring NG-RAN node. In other words, this is the typical scenario of mobility across neighboring NG-RAN nodes equipped with LMCs.
This scenario has some similarities to the LMF Change procedure described in section 6.4 of TS 23.273 [4], which is used in case of deferred MT-LR for periodic or triggered location events. The LMF Change procedure can be summarized as follows:
0.
Deferred MT-LR has been initiated for the UE by LMF1, and later the event is detected by the UE.

1.
UE sends an event report containing the requested location measurements or location estimate (depending on UE-assisted or UE-based positioning method) to the AMF.

2.
AMF determines that LMF1 is no longer suitable (e.g. the UE has moved to a new area that cannot be served by LMF1) and selects a new LMF2.

3.
AMF transfers the event report to LMF1 and includes an indication that a new LMF2 should be used.

4.
LMF1 provides LMF2 with the following:

-
the current location context of the UE;

-
the event report message;

-
all the information originally received by LMF1 (e.g. from the AMF) for the deferred MT-LR;
-
previous location estimate or location measurements.

5.
LMF2 may then perform positioning of the UE as the new serving LMF.

Similar to step 4 above, a change of LMC during UE mobility from LMC1 (in source NG-RAN node) to LMC2 (in target NG-RAN node) can include the transfer over Xn of the following information:

-
Location request (LR)-specific information, e.g. information associated with an MT-LR/NI-LR originally received by LMC1 from the AMF or from an earlier serving LMC, or information associated with an RI-LR that was triggered locally in the source NG-RAN node or an earlier serving NG-RAN node;

-
Current location context of the UE, including UE positioning capabilities; and
-
Previous location estimate or location measurements.

The above information can all be characterized as UE-associated information. In addition, it can be beneficial to transfer certain non-UE associated network assistance data that is needed for the positioning method being used, such as the latest status of dynamic PRS configuration. The benefit is that, since LMC1 has already determined the cells involved in the current positioning of the UE and has already acquired the non-UE associated network assistance data, it can transfer this data to LMC2 at the time of handover to minimize the latency of subsequent positioning of the UE by LMC2.
Proposal 2:
For mobility scenarios, the XnAP should support the transfer of the following information: LR-specific information, current location context of the UE, previous location estimate or location measurements, and non-UE associated network assistance data.

3
Conclusion

In this paper, we discussed the impact on the Xn interface of LMC co-located with the serving NG-RAN node, and LMC change due to UE mobility. The following is proposed:
Proposal 1:
XnAP should support the transfer of PRS configuration information, request for change in the PRS configuration, and transfer of UE measurements.

Proposal 2:
For mobility scenarios, the XnAP should support the transfer of the following information: LR-specific information, current location context of the UE, previous location estimate or location measurements, and non-UE associated network assistance data.

A text proposal reflecting the above is provided in the appendix.
Proposal 3:
Capture in the TR the text proposal provided in the appendix for Xn impacts of the LMC.
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Appendix: Text Proposal for TR 38.xxx

X.Y
Xn interface impacts
X.Y.1
LMC co-located with serving NG-RAN node
In this scenario, a low latency positioning request is triggered for a target UE which is served by an NG-RAN node equipped with an LMC. 

In the conventional case where the positioning session is handled by the LMF in the core network, the LMF exchanges the required information with the UE via the LPP protocol and with the NG-RAN nodes via the NRPPa protocol. 

When the positioning session is handled by the LMC, the LMC can directly access the configuration information and measurements from the serving NG-RAN node, but information from neighboring NG-RAN nodes may also be needed by the LMC. Some examples of this location information required between neighboring nodes are described below.   

Network assistance data
Certain positioning methods require network assistance data to determine a location estimate for the UE. For example, in the DL-TDOA positioning method, the UE location is estimated based on measurements taken at the UE with knowledge of the PRS configuration of cells being measured. The PRS configuration may need to be dynamically updated, particularly in case of FR2.

Considering that LMC can be placed in the RAN, and that measurements from different cells are needed, the LMC should be able to request the PRS configuration from neighboring NG-RAN nodes. The LMC can evaluate which are the PRS that a target UE should measure to obtain the required accuracy, and request the UE to perform the measurements, or request the neighboring cell to modify its PRS configuration.

As a result, XnAP should support: 

-
Transfer of PRS configuration information 

-
Request for change in the PRS configuration
UE measurements:

Certain positioning methods (e.g. RTT, AoA, and UL-TDOA) require network-based measurements, which may be needed from neighboring NG-RAN nodes.

As a result, XnAP should support:
· Transfer of UE measurements.
X.Y.2
LMC Change due to UE mobility
In this scenario, the positioning session is migrated from the currently hosting LMC to another LMC located at a neighboring NG-RAN node. In other words, this is the typical scenario of mobility across neighboring NG-RAN nodes equipped with LMCs.

This scenario has some similarities to the LMF Change procedure described in section 6.4 of TS 23.273, which is used in case of deferred MT-LR for periodic or triggered location events. The LMF Change procedure can be summarized as follows:

0.
Deferred MT-LR has been initiated for the UE by LMF1, and later the event is detected by the UE.

1.
UE sends an event report containing the requested location measurements or location estimate (depending on UE-assisted or UE-based positioning method) to the AMF.

2.
AMF determines that LMF1 is no longer suitable (e.g. the UE has moved to a new area that cannot be served by LMF1) and selects a new LMF2.

3.
AMF transfers the event report to LMF1 and includes an indication that a new LMF2 should be used.

4.
LMF1 provides LMF2 with the following:

-
the current location context of the UE;

-
the event report message;

-
all the information originally received by LMF1 (e.g. from the AMF) for the deferred MT-LR;

-
previous location estimate or location measurements.

5.
LMF2 may then perform positioning of the UE as the new serving LMF.

Similar to step 4 above, a change of LMC during UE mobility from LMC1 (in source NG-RAN node) to LMC2 (in target NG-RAN node) can include the transfer over Xn of the following information:

-
Location request (LR)-specific information, e.g. information associated with an MT-LR/NI-LR originally received by LMC1 from the AMF or from an earlier serving LMC, or information associated with an RI-LR that was triggered locally in the source NG-RAN node or an earlier serving NG-RAN node;

-
Current location context of the UE, including UE positioning capabilities; and

-
Previous location estimate or location measurements.

The above information can all be characterized as UE-associated information. In addition, it can be beneficial to transfer certain non-UE associated network assistance data that is needed for the positioning method being used, such as the latest status of dynamic PRS configuration. The benefit is that, since LMC1 has already determined the cells involved in the current positioning of the UE and has already acquired the non-UE associated network assistance data, it can transfer this data to LMC2 at the time of handover to minimize the latency of subsequent positioning of the UE by LMC2.
