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1
Introduction
At RAN3#105, Local LMF in NG-RAN (“LMC”) was discussed and an initial text proposal for TR 38.856 agreed in [1]. Three architecture alternatives were captured along with the following Editor’s notes:

· An outline of the characteristics of the architecture should be provided, explaining rationale and differences vs other architectures

· Whether functions supported by LMC can be different per architecture alternative is FFS.

In this paper, we provide further description of the architecture alternatives for LMC to address the above editor’s notes.

2
Discussion
Three architecture alternatives for LMC have been captured in the TR and are further described below.

Alternative 1:
In architecture alternative #1, the LMC is an internal function of the NG-RAN node. In case of split gNB, the LMC is located in the gNB-CU-CP.

Characteristics:

-
No new interfaces.

-
When UE positioning involves only TRPs within the NG-RAN node, positioning-related signalling is internal to the gNB.

-
To support location continuity in case of handover, LMC relocation to the target NG-RAN node can be enabled via enhancements to the XnAP Handover Preparation procedure.

This alternative is the least complex from a 3GPP specification perspective and has the lowest latency since positioning-related signalling can be internal to the NG-RAN node.
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Figure 1. Alternative 1 - LMC as internal gNB function
Alternative 2:
In architecture alternative #2, the LMC is a logical node within the split gNB connected to the gNB-CU-CP via the [FFS] interface.

Characteristics:

-
New interface between the LMC and the gNB-CU-CP.

-
Allows LMC and gNB-CU-CP to be provided by different vendors (i.e. multi-vendor support).

-
To support location continuity in case of handover, further study is needed.

Compared to alternative 1, this alternative is more complex from a 3GPP specification perspective and has higher latency due to the extra “hop” for positioning-related signalling.

The rationale for this architecture is to enable multi-vendor support.
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Figure 2. Alternative 2 - LMC as logical node within split gNB
Alternative 3:
In architecture alternative #3, the LMC is a new logical node in the NG-RAN, connected to NG-RAN nodes (gNBs and/or ng-eNBs) via the [FFS] interface.

Characteristics:

-
New interface between the LMC and the NG-RAN node.

-
Allows LMC and NG-RAN nodes to be provided by different vendors (i.e. multi-vendor support).

-
To support location continuity in case of handover when both source and target NG-RAN nodes are served by the same LMC, LMC relocation is not needed. However, when source and target NG-RAN nodes are served by different LMCs, support for location continuity requires further study.

Compared to alternative 1, this alternative is more complex from a 3GPP specification perspective and has higher latency due to the extra “hop” for positioning-related signalling.

The rationale for this architecture is to enable multi-vendor support and allow a single LMC to support multiple NG-RAN nodes (i.e. avoid introducing LMC in each individual NG-RAN node).


[image: image3.emf]NG-RAN

UE AMF

LMF

Uu

NG-C

NLs

gNB or

ng-eNB

gNB or

ng-eNB

N

G

-

C

Xn

U

u

TRP

E-SMLC

SLP

SET

TRP

L

M

C

I

t

f

I

t

f


Figure 3. Alternative 3 - LMC as logical node in NG-RAN
3
Conclusion

In this paper, we discussed the characteristics of the three architecture alternatives for LMC along with their potential rationale.
Proposal:
Agree to the text proposal in Appendix A, describing the characteristics and rationale for the three architecture alternatives for LMC.
References
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5.1

Architecture

5.1.X 
Alternative 1 


· 
In architecture alternative #1, the LMC is an internal function of the NG-RAN node. In case of split gNB, the LMC is located in the gNB-CU-CP.
The interface between the LMC and the serving NG-RAN node is internal, and therefore minimizes the latency between the LMC and serving NG-RAN node. Functions of the NLs interface must be specified also for the NG-C interface.
Characteristics:

-
No new interfaces.

-
When UE positioning involves only TRPs within the NG-RAN node, positioning-related signalling is internal to the gNB.
-
To support location continuity in case of handover, LMC relocation to the target NG-RAN node can be enabled via enhancements to the XnAP Handover Preparation procedure. Further study is needed.
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Figure 5.1.X-1: Alternative 1 – LMC as internal gNB function

5.1.Y 
Alternative 2

· 
In architecture alternative #2, the LMC is a logical node within the split gNB connected to the gNB-CU-CP via the [FFS] interface.

This alternative requires a dedicated interface between the LMC and the serving NG-RAN node. The impacts to the NG-C interface are the same as alternative 1.
Characteristics:

-
New interface between the LMC and the gNB-CU-CP.

-
Allows LMC and gNB-CU-CP to be provided by different vendors.
-
Allows offloading of positioning support from a gNB-CU.

-
To support location continuity in case of handover, further study is needed.
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Figure 5.1.Y-1: Alternative 2 – LMC as logical node within split gNB

5.1.Z 
Alternative 3

In architecture alternative #3, the LMC is a new logical node in the NG-RAN, connected to NG-RAN nodes (gNBs and/or ng-eNBs) via the [FFS] interface.

This alternative requires a dedicated interface between the LMC and the serving NG-RAN node. The impacts to the NG-C interface are the same as alternative 1 and must be supported also by the new interface.

Characteristics:

-
New interface between the LMC and the NG-RAN node.

-
Allows LMC and NG-RAN nodes to be provided by different vendors.
-
Allows a single LMC to support multiple NG-RAN nodes (i.e. avoid introducing LMC in each individual NG-RAN node).
-
Allows offloading of positioning support from a gNB-CU.

-
To support location continuity in case of handover when both source and target NG-RAN nodes are served by the same LMC, LMC relocation is not needed. However, when source and target NG-RAN nodes are served by different LMCs, support for location continuity requires further study.
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Figure 5.1.Z-1: Alternative 3 – LMC as logical node in NG-RAN

· 
5.1.Y 

Function supported by LMC [FFS]
Editor note: At this stage it is not clear if the LMC is able to support all the function of the LMF. The positioning method supported by the LMC is FFS.
The LMC can support all the location request types defined for the LMF in clause 4.1a of TS 23.273 [4].






The LMC should be able to support location service requests from functions internal to the NG-RAN node, this type of location request can be called RAN Induced Location Request (RI-LR). The LMC is ideally suited to handle RI-LR since the necessary operations are internal to the RAN and can therefore be handled locally.
In order to manage the various location services for target UEs, the LMC can be expected to have capabilities similar to an LMF.

Editor note: it is FFS whether service request can come from an internal function of the serving NG-RAN node (e.g. RRM, MDT, etc.); 
In addition, the LMC can be expected to:

-
interact with other internal functions of the serving NG-RAN node (e.g. TMF) in order to e.g. obtain position measurements for the UE;

-
interact with neighboring NG-RAN nodes in order to e.g. obtain position measurements for the UE.

5.2
Impact on existing protocols and interfaces [FFS]
5.2.1
Location Service procedures involving LMC
Editor Note: flows are intended to show common operation for all architectures with LMC. Specific architectures may require further details

5.2.1.1
RAN Induced Location Request (RI-LR)
Figure 5.2.1.1-1 illustrates the steps applicable to the UE and NG-RAN node in case of RI-LR involving LMC. 
In this scenario, the UE is assumed to be in connected mode prior to step 1. The procedure assumes that the NG-RAN node is authorized to use the LCS service to obtain the target UE location estimation and that notification and/or verification of location by the UE is not needed, e.g. which may be indicated in UDM privacy subscription for the UE and signaled to the serving gNB by the serving AMF as part of signaling connection establishment.
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Figure 5.2.1.1-1: RI-LR involving LMC
The steps of Figure 5.2.1.1-1 are as follows:
1.
Some function in the NG-RAN node (e.g. RRM, MDT) requests some location service (e.g. positioning) for a target UE to the LMC using signaling internal to the NG-RAN node.
EN:
Interactions with the local positioning client are FFS.
EN:
Enhancements to F1AP, if needed (e.g. in case the requesting function is in the DU), are FFS.
2.
The NG-RAN node (LMC) sends an LCS Indication message to the AMF, indicating that UE positioning is being performed locally (LCS session start). The LCS Indication message includes information about the “local” LCS Request that may be useful for the AMF (location management information), e.g. the same or subset of information contained in a “normal” location service request (e.g. MT-LR) such as Location Quality of Service information.
EN:
Whether this step is needed, and under which conditions is FFS; e.g., may involve SA2.
3.
The AMF stores the relevant location management information in the UE location context, to be used for coordination of concurrent LCS requests, e.g. if the AMF receives an MT-LR while there is an active location session at the LMC for the same UE.
EN:
Whether this step is needed, and under which conditions is FFS; e.g., may involve SA2.
EN:
Coordination with the 5GC, if needed, is FFS.
4a.
The LMC may instigate location procedures internal to the NG-RAN node – e.g. to obtain positioning measurements or assistance data. The LMC may also instigate location procedures with neighbor NG-RAN nodes – e.g. to obtain assistance data such as PRS configuration of TPs served by the neighbor NG-RAN node(s).
EN:
Enhancements to XnAP, if needed, are FFS.
4b.
The LMC may instigate location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.
5.
The LMC responds to the requesting function in the NG-RAN node and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.
6.
If the response in step 5 ends the local LCS session, the NG-RAN node (LMC) sends an LCS Indication message to the AMF indicating that positioning is no longer being performed locally for the target UE (LCS session stop).
EN:
Whether this step is needed, and under which conditions is FFS; e.g., may involve SA2.
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