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1
Introduction

At last meeting, local LMF support in NG-RAN for NR positioning was initially discussed, the architecture alternatives, functions supported by LMC and the basic local service procedures were captured in TR 38.856. Some open points have been identified for further discussion in [1].
In this contribution, we provide further analysis and comparisons of these architectures and address the editor notes.

2
Discussion

2.1
Analysis of the architecture alternatives
In the below, we discuss the characteristics of each architecture alternatives and provide a comparison among them.

1) Alternative 1
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Figure 1 Alternative 1: UE Positioning Architecture applicable to NG-RAN, including LMC
Alternative 1 has the following characteristics:
· LMC is a functionality of NG-RAN node, LMC communicates with collocated NG-RAN node using internal signalling
· NG-RAN node equipped with LMC functionality indicates this LMC capability to AMF
· Interaction between LMC and neighbouring NG-RAN node to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to DL-PRS broadcast) are supported with signaling between collocated NG-RAN node and neighboring NG-RAN node via Xn interface.
· If the LMC functionality in one NG-RAN node is allowed to handle location request for the UE which is not served by the LMC-collated NG-RAN node, logically it becomes equivalent to the alternative 3.
2) Alternative 2
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Figure 2 Alternative 2: UE Positioning Architecture applicable to NG-RAN, including LMC
Alternative 2 has the following characteristics:
· Normally, LMC is a logical node of a gNB with split architecture. It has connections with the gNB-CU via a new interface or reuse F1 interface.
· If the LMC in one gNB could handle location request for the UE which is not served by the LMC connected gNB-CU, logically it becomes equivalent to the alternative 3.
· NG-RAN node that has connections with a LMC node indicates this LMC capability to AMF. 
· Interaction between LMC and neighbouring gNB to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to DL-PRS broadcast) are supported with signaling between LMC and neighboring gNB via a new interface or reuse F1 interface and Xn interface.
3) Alternative 3
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Figure 3 Alternative 3: UE Positioning Architecture applicable to NG-RAN, including LMC
Alternative 3 has the following characteristics:
· LMC is a logical node of NG-RAN architecture. A LMC connects with a set of NG-RAN nodes through a new interface or extension of an existing interface.
· Any NG-RAN node having connections with the LMC is able to send location request for UEs it serves

· NG-RAN node that has connections with a LMC node indicates this LMC capability to AMF. 
· Interaction between LMC and neighbouring gNB to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to DL-PRS broadcast) are supported with signaling between LMC and neighboring gNB for a UE via a new interface or extension of an existing interface.
4) Evaluation of the three architecture alternatives

	
	Alternative 1
	Alternative2
	Alternative 3

	Multi-vendor support 
(LMC from a different vendor than NG-RAN node)
	No
	No
	Yes

	Indication to AMF the LMC capability
	Needed
	Needed
(additional signalling for gNB-CU connecting with LMC)
	Needed
(additional signalling for gNBs connecting with LMC)

	Location request/response signalling between serving gNB and LMC
	Not needed, internal signalling within NG-RAN node
	Via interface between gNB-CU and LMC (note 1)
	Via interface between gNB and LMC (note 1)

	Location request/response signalling between LMC and other neighbouring gNBs
	If supported, via Xn interface
	If supported, via interface between gNB-CU and LMC + Xn interface
	Via interface between gNB and LMC

	LPP and NRPPa related signalling between between serving gNB and LMC
	Not needed, internal signalling within NG-RAN node
	Via interface between gNB-CU and LMC
	Via interface between gNB and LMC

	LPP and NRPPa related signalling between other neighbouring gNBs and LMC
	Via Xn interface
	Via interface between gNB-CU and LMC + Xn interface
	Via interface between gNB and LMC

	UE mobility support
	location session related information transferred via Xn interface
	location session related information transferred via interface between gNB-CU and LMC + Xn interface
	Location session is kept in the LMC


Note 1: the interface between gNB/gNB-CU and LMC can be a new interface or reuse existing interface.

Observation 1: If the LMC belonging to one NG-RAN node is allowed to handle location request for the UE which is not served by the LMC-collated/-connected NG-RAN node, logically alternative 1 and 2 becomes equivalent to the alternative 3
Observation 2: Introducing local LMF for NR positioning in NG-RAN is feasible. In terms of feasibility and signalling overhead, the three architecture alternatives are the same. The main differences are whether these signalling are carrier over Xn interfaces or “new interfaces”, however these are stage 3 details.
Observation 3: Architecture alternative 2 does not have explicit advantages over alternative 1 and 3. It brings more interface impact and perhaps introduces additional delay.
Proposal 1: Capture the descriptions of architecture and procedures to cover both alternative 1 and alternative 3.
2.2
Scenario for introducing LMC and RAN-induced Location request
At last meeting, the generic RAN-induced location request procedure was captured in TR 38.856, but some companies still have concerns on this, so it is marked with FFS. An editor note was also added in the section of “Coordination and coexistence with LMF in the 5GC” as below,
Editor Note: How/who to trigger location request to LMC and whether the location request can come from internal function of NG-RAN node is FFS
Here we present one scenario to justify the motivation and necessity to introduce RAN-induced local service procedure.
The scenario is shown in figure 4, surveillance or management platform for the positions of equipments (regarded as UE) is deployed to serve the factory area. The platform relies on the positioning network to obtain UE’s location, which is composed of several gNBs, local location management function deployed inside the factory and the core network elements e.g., AMF placed outside the factory. A special requirement from the industry domain is to keep the positioning data inside the factory. Industrial customers worry about the reveal of the positioning data if they are transmitted to a network entity outside the factory.
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Figure 4 Positioning in smart factory

When the surveillance platform which served as a LCS client triggered a location service request for a UE, the current architecture and procedures have some issues to meet the above requirement. 
· If we adopt the current Rel-15 architecture, the positioning data will be transmitted to AMF which is typically deployed in a central cloud. The data will be exposed outside of the factory. So introducing a local LMC is a prerequisite to fulfil the requirement.
· Even though a LMC is deployed inside the factory, if we adopt the current location request types defined for LMF, location service is triggered from CN, the position data for a UE calculated by LMC has to traverse CN and then provide to the LCS entity.
· Introducing RAN-induced location request can perform positioning for a UE locally and keep the position data totally inside the factory area.
Therefore, only by introducing a LMC in NG-RAN and introducing the RAN-induced location service, the requirement can be met.

Observation 4: Current architecture and procedures have some issues to meet the requirement from industry domain.
Observation 5: By introducing LMC in NG-RAN and RAN-induced location service, the requirement of vertical domain can be met.
Proposal 2: Agree to introduce the RAN-induced Location service and remove the FFS.
2.3
Functional split between LMC and LMF
The location management functionality in NG-RAN, i.e., LMC should have comparable capability to a 5GC LMF as specified in TS 23.273.
The functions supported by LMC could be configured by operators in practical deployment, e.g., the NR positioning method and the types of location service request. There is no need to discuss the function split between LMC in NG-RAN and 5GC in LMF since it is not a master-slave relationship.

Proposal 3:  LMC should have comparable capability to a 5GC LMF. The functions supported by LMC could be configured by operators in practical deployment
A text proposal is provided based on the above analysis, it is proposed to agree the TP for a inclusion in TR 38.856.
Proposal 4: Agree to capture the affiliated TP in TR 38.856.

3
Conclusion
In this contribution, we provide further analysis and comparisons of these architectures and address the editor notes. The following observations and conclusions are made,
Observation 1: If the LMC belonging to one NG-RAN node is allowed to handle location request for the UE which is not served by the LMC-collated/-connected NG-RAN node, logically alternative 1 and 2 becomes equivalent to the alternative 3
Observation 2: Introducing local LMF for NR positioning in NG-RAN is feasible. In terms of feasibility and signalling overhead, the three architecture alternatives are the same. The main differences are whether these signalling are carrier over Xn interfaces or “new interfaces”, however these are stage 3 details.

Observation 3: Architecture alternative 2 does not have explicit advantages over alternative 1 and 3. It brings more interface impact and perhaps introduces additional delay.

Observation 4: Current architecture and procedures have some issues to meet the requirement from industry domain.
Observation 5: By introducing LMC in NG-RAN and RAN-induced location service, the requirement of vertical domain can be met.
Proposal 1: Capture the descriptions of architecture and procedures to cover both alternative 1 and alternative 3.
Proposal 2: Agree to introduce the RAN-induced Location service and remove the FFS.

Proposal 3: LMC should have comparable capability to a 5GC LMF. The functions supported by LMC could be configured by operators in practical deployment
Proposal 4: Agree to capture the affiliated TP in TR 38.856.
4
Reference
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5.1
Architecture

5.1.X 

Alternative 1 
Editor’s note: An outline of the characteristics of the architecture should be provided, explaining rationale and differences vs other architectures
· Alternative 1: LMC is a functionality of NG-RAN node. In case of split gNB, the LMC is a function of the gNB-CU-CP
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Figure 5.1-x  Alternative 1: UE Positioning Architecture applicable to NG-RAN, including LMC
Alternative 1 has the following characteristics:

· LMC is a functionality of NG-RAN node, LMC communicates with collocated NG-RAN node using internal signalling
· NG-RAN node equipped with LMC functionality indicates this LMC capability to AMF

· Interaction between LMC and neighbouring NG-RAN node to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to DL-PRS broadcast) are supported with signaling between collocated NG-RAN node and neighboring NG-RAN node via Xn interface.
· If the LMC functionality in one NG-RAN node is allowed to handle location request for the UE which is not served by the LMC-collated NG-RAN node, logically it becomes equivalent to the alternative 3.
5.1.Y 

Alternative 2
Editor’s note: An outline of the characteristics of the architecture should be provided, explaining rationale and differences vs other architectures

· Alternative 2: LMC is a logical node of gNB in split gNB architecture, the LMC is connected to gNB-CU
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Figure 5.1-y Alternative 2: UE Positioning Architecture applicable to NG-RAN, including LMC
Alternative 2 has the following characteristics:
· Normally, LMC is a logical node of a gNB with split architecture. It has connections with the gNB-CU via a new interface or reuse F1 interface.
· If the LMC in one gNB could handle location request for the UE which is not served by the LMC connected gNB-CU, logically it becomes equivalent to the alternative 3.
· NG-RAN node that has connections with a LMC node indicates this LMC capability to AMF. 
· Interaction between LMC and neighbouring gNB to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to DL-PRS broadcast) are supported with signaling between LMC and neighboring gNB via a new interface or reuse F1 interface and Xn interface.
5.1.Z 

Alternative 3
Editor’s note: An outline of the characteristics of the architecture should be provided, explaining rationale and differences vs other architectures

· Alternative 3: LMC is a logical node of NG-RAN architecture. A LMC connects with a set of NG-RAN nodes through a new interface or extension of an existing interface.
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· Figure 5.1-z Alternative 3: UE Positioning Architecture applicable to NG-RAN, including LMC
· Alternative 3 has the following characteristics:
· LMC is a logical node of NG-RAN architecture. A LMC connects with a set of NG-RAN nodes through a new interface or extension of an existing interface.
· Any NG-RAN node having connections with the LMC is able to send location request for UEs it serves

· NG-RAN node that has connections with a LMC node indicates this LMC capability to AMF. 
· Interaction between LMC and neighbouring gNB to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to DL-PRS broadcast) are supported with signaling between LMC and neighboring gNB for a UE via a new interface or extension of an existing interface.
5.1.XX 

Evaluation of architecture alternatives
	
	Alternative 1
	Alternative2
	Alternative 3

	Multi-vendor support 
(LMC from a different vendor than NG-RAN node)
	No
	No
	Yes

	Indication to AMF the LMC capability
	Needed
	Needed

(additional signalling for gNB-CU connecting with LMC)
	Needed

(additional signalling for gNBs connecting with LMC)

	Location request/response signalling between serving gNB and LMC
	Not needed, internal signalling within NG-RAN node
	Via interface between gNB-CU and LMC (note 1)
	Via interface between gNB and LMC (note 1)

	Location request/response signalling between LMC and other neighbouring gNBs
	If supported, via Xn interface
	If supported, via interface between gNB-CU and LMC + Xn interface
	Via interface between gNB and LMC

	LPP and NRPPa related signalling between between serving gNB and LMC
	Not needed, internal signalling within NG-RAN node
	Via interface between gNB-CU and LMC
	Via interface between gNB and LMC

	LPP and NRPPa related signalling between other neighbouring gNBs and LMC
	Via Xn interface
	Via interface between gNB-CU and LMC + Xn interface
	Via interface between gNB and LMC

	UE mobility support
	location session related information transferred via Xn interface
	location session related information transferred via interface between gNB-CU and LMC + Xn interface
	Location session is kept in the LMC


5.1.Y 

Function supported by LMC

The LMC need to support all the location request types defined for the LMF in clause 4.1a of TS 23.273 [4] and supported in Rel-15, i.e.:

-
Network Induced Location Request (NI-LR);

-
Mobile Terminated Location Request (MT-LR);

-
Mobile Originated Location Request (MO-LR);

Note:
According to TS 38.305, MO-LR location service is not supported in Rel-15. It is therefore out-of-scope of this study item.

-
Immediate Location Request; and

-
Deferred Location Request.

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, e.g.:

-
receive location service requests for a target UE from the serving AMF or from an internal function of the serving NG-RAN node

-
decide on the position method(s) to be used;


-
interact with a target UE in order to e.g. deliver assistance data or to obtain a location estimate;
-
interact with serving/neighboring NG-RAN nodes in order to e.g. obtain position measurements for the UE or coordinate dynamic PRS configuration
-
handling positioning request for UE in NG-RAN node;
-
calculate or verify the final location of the UE and provide it to the requesting entity or requesting internal function of the serving NG-RAN node.

5.2
Impact on existing protocols and interfaces

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. It is also assumed that the NG-RAN node is always authorized to use the LCS service to obtain the target UE location estimation, thus no privacy verification and LCS service authorization are required for requests initiated by the NG-RAN (see subclause 6.11.1 of TR 23.731 [1]).
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Figure 5.2.1.1-1: RI-LR involving LMC

Figure 5.2.1.2-1 shows LMC is a logical entity of NG-RAN. If LMC is part of gNB, i.e., for architecture alternative 1, steps 0a, 1, 5 would not occur, they will becomes internal signaling.
The steps of Figure 5.2.1.1-1 are as follows:
0.
gNB setups connections with  LMC and indication the LMC support capability to AMF
1.
Some function in the NG-RAN node (e.g. RRM, MDT) requests some location service (e.g. positioning) for a target UE by sending location service request to the LMC.

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.

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:
Coordination with the 5GC, if needed, is FFS.

4a.
The LMC instigates location procedures 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 or use new interface, if needed, are FFS.

4b.
In addition to step 4a or instead of step 4a, for downlink positioning the LMC instigates 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).

5.2.1.2
5GC Mobile Terminated Location Request (5GC-MT-LR)

Figure 5.2.1.2-1 illustrates the steps applicable to the UE and NG-RAN node in case of 5GC-MT-LR involving LMC. In this scenario, the UE is assumed to be in connected mode prior to step 1.
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Figure 5.2.1.2-1: 5GC-MT-LR involving LMC
Figure 5.2.1.2-1 shows LMC is a logical entity of NG-RAN. If LMC is part of gNB, i.e., for architecture alternative 1, steps 0a, 3b, 5b would not occur, they will becomes internal signaling.
The steps of Figure X.2.1.2-1 are as follows:
0.
gNB setups connections with  LMC and indication the LMC support capability to AMF
1.
Some LCS entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF (see step 4 of Figure 6.1.1-1 in TS.23.273 [4]).

2.
The AMF selects the serving NG-RAN node (LMC) to perform the positioning, based on e.g. knowledge of the NG-RAN node’s location management capabilities, Requested Quality of Service information, etc.

Note 1:
The details of whether to select LMC are SA2 scope, including whether it is part of the LMF Selection function or a new function of the AMF.

3.
The AMF sends a location service request to the NG-RAN node via NGAP, instructing it to perform the UE positioning. NG-RAN node may forward the location service request to LMC via a new interface or extension of existing interface.
4.
Same as steps 4a/4b of the RI-LR procedure in clause X.Y2.1.

5.
The NG-RAN node provides a location service response to the AMF via NGAP and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.

6.
The AMF returns a location service response to the 5GC entity of step 1 and includes any needed results – e.g. a location estimate for the UE (see step 10 of Figure 6.1.1-1 in TS.23.273 [4]).
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