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1 Introduction

The issue of whether to introduce a location server in the NG-RAN was discussed between RAN2 and SA2 [4], documented in [2], and briefly studied in RAN WGs [1]. The conclusions in [1] state that “Regarding location management functionality in RAN, RAN3 could not reach a common understanding on any recommendation.” (mainly due to lack of time).
The current SID [8] aims to further analyze this aspect; one of its objectives is to study in RAN3 the “local location management functionality including location of the LMF, potential new interface(s) (if any), impact on existing protocols, and coordination with the LMF in the 5GC.” [8]
We will briefly summarize the issue and provide some observations and proposals.
2 Discussion

Solutions 15, 23, 26, and 28 as previously described in [2] can be regarded as different “flavors” of supporting location server functionality in the NG-RAN. In particular, Sol. 26 in [2] was captured in [1] and will be the basis for our discussion. It is shown in Figure 1 below.
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Figure 1 NR positioning architecture with the LMC [1].
This solution involves a Location Management Component (LMC), formerly described as a local LMF in [2], in the NG-RAN. Several impacts from RAN perspective are listed in [1]. We believe RAN3 should concentrate its study on the following
:
1. Architecture of LMC within the NG-RAN;

2. NG-C: signaling between NG-RAN and AMF;

3. Xn Protocol/signaling between NG-RAN nodes (Xn);

4. Impact of UE mobility on the LMC;

5. Coexistence of LMC in NG-RAN and LMF and their coordination;
6. Clarify any possible connectivity issues between external client, GMLC, and LMCs.

Items 4 and 5 have significant RAN3 aspects. TR 38.855 [1] proposes to address item 4 in the normative phase, but we believe it should be analyzed early in the study phase due to its impacts on Xn.

Proposal 1: RAN3 should concentrate its study on the following impacts of the Local LCS solution: LMC architecture, coexistence and coordination of LMC and LMF, NG-C and Xn signaling, impacts of UE mobility with LMC on Xn.

2.1 Impact of LMC in RAN
In the current NG-RAN positioning architecture [5], the LMF is the positioning anchor. It has complete knowledge of all positioning sessions and terminates NRPPa toward the NG-RAN node. The AMF always knows the serving node for the UE, so it routes NRPPa and transports it over NLs and NG-C to the appropriate NG-RAN node.

When an LMC  is placed in an NG-RAN node according to Figure 1, the AMF needs to know the serving node for the UE, because it always needs to page it, before the positioning session can start. All the legacy procedures for NLs then need to be supported: therefore, transport containers for NLs messages need to be added to NGAP.
Observation 1: Transport containers for NLs need to be added to NGAP in order to support the LMC in NG-RAN.

Due to the fact that it is the gNB-CU that owns the contexts for all the served UEs, it is logical to assume that in case of split gNB architecture the LMC is located in the gNB-CU.

Proposal 2: In case of split gNB architecture, the LMC is located in the gNB-CU.
2.2 Impact of UE Mobility with LMC on Xn
An LMC in an NG-RAN node can only act as positioning anchor for the UEs served by its hosting NG-RAN node, because it is the only node where the UE context is stored. 

Observation 2: An LMC can only act as positioning anchor for the UEs served by its hosting NG-RAN node.
When a UE is handed over to another NG-RAN node and a positioning measurement is ongoing, the measurement needs to be stopped in the source node, because:

1. The target is not aware of the ongoing NRPPa session;

2. The target LMC has no measurement context for the target node for the UE handed over.

Therefore, the NRPPa positioning procedure cannot be completed. This case was analyzed in the past for E-UTRAN by RAN3 and RAN4 [9]

 REF _Ref16264262 \r \h 
[10].
It is possible, however, to transfer partial measurement data between source and target NG-RAN nodes at Xn handover: such data may be included in the RRC container in the XnAP HANDOVER REQUEST message. A RAN implementation in principle can then continue the positioning measurement in the target cell.

Observation 3: If a positioning measurement is ongoing in the source cell at Xn handover, it is possible to transfer partial measurement data to the target node in the RRC container of the XnAP HANDOVER REQUEST message; this may enable the positioning measurement to continue in the target cell.

If the LMF is centralized, however, the UE measurement context may have been already removed once the UE is handed over (because the source node would have signaled the measurement failure before initiating handover). So, continuing the same measurement in the target cell would be possible only if e.g. the LMF implementation delays the context removal and accepts an autonomous measurement report from the target node after handover. But this is implementation-dependent and outside current specifications. [10]
Observation 4: With a centralized LMF, when a positioning measurement is ongoing in the source cell at Xn handover, it may not be possible to continue the same measurement at the target cell.

On the other hand, if the LMC is localized in the source and target nodes, by including all the necessary information (partial measurement data and UE measurement context) in the XnAP handover signaling, it is possible to continue the measurement in the target. The Xn interface effectively becomes an inter-LMF coordination interface.

Observation 5: With a localized LMC, by including the partial measurement data and the UE measurement context in the XnAP handover signaling, the positioning measurement can continue in the target.
The above seems to require new IEs in the XnAP Handover Preparation procedure, because the RRC container does not seem appropriate for carrying LMF UE measurement context information.
Observation 6: New IEs in XnAP Handover Preparation seem to be required to carry LMF UE measurement context information.

2.3 Coexistence and Coordination of LMCs and LMF
In [2], this solution introduced a “Local LMF Registration” to register the LMC to the Network Repository Function (NRF), and an “AMF-based Local LMF Selection” to select a suitable LMC by the AMF. Both functions would need to be supported through appropriate NGAP transport messages.

Observation 7: This solution calls for the introduction of appropriate NGAP transport messages to support LMC registration and AMF-based LMC selection functions.
Practically speaking, the NRPPa interface between the NG-RAN node and the LMC is not visible any more, because both logical nodes are part of the same physical node.

Observation 8: With the local LCS architecture NRPPa disappears, because both logical nodes are part of the same physical node.
An additional aspect that we need to consider, is the issue of interaction among different LMCs and the LMF (if present). For example, we should analyze the scenario where a centralized LMF requests a positioning measurement for a UE to an NG-RAN node where another positioning measurement is ongoing for the same UE due to a request from the co-located LMC. In principle, the NG-RAN node should fail the request if it arrives when another measurement is ongoing for the same UE. In other words, there shall always be only one positioning anchor for a given UE.
Proposal 3: The NG-RAN node should fail a positioning measurement request for a UE received from an LMF (local or centralized) when a positioning measurement is ongoing for the same UE in the same NG-RAN node due to a request from another LMF (local or centralized); in other words, there shall always be only one positioning anchor for a given UE.
Apart from the above scenario, the much broader issue of inter-LMF coordination might still need to be considered. While LMF functionality and coordination (if any) is specified by SA2, we see from the above discussion that with an LMC this impact would be taken by RAN3,  (NG and Xn signaling impacts). We consider this to be a significant drawback of introducing LMF functionality in NG-RAN.
Observation 9: While LMF functionality and inter-LMF coordination (if any) is specified by SA2, its impact would be taken by RAN3, because it would impact NG and Xn signaling; this seems to be a significant drawback of introducing LMF functionality in NG-RAN.
We also note that even with the current logical architecture, the LMF can be physically deployed in the NG-RAN. This type of deployment eliminates the need for NRPPa, for its transport on NGAP messages, and for its routing in the AMF. This deployment-based solution (“Solution #0”) seems to have all the benefits of the solution described in [1] in terms of latency, while avoiding additional specification impacts on any interfaces. If additional functions such as AMF selection, LMF registration, mobility optimizations, etc. are desired, they could still be added incrementally in later releases if their benefit is proven.
Proposal 4: The LMF can be physically deployed in the NG-RAN even with the current logical architecture, eliminating NRPPa, its transport on NGAP, and its routing in the AMF and avoiding additional specification impacts (“Solution #0”); additional functions could be added incrementally in later releases.
Given the above discussion, we would request RAN3 to carefully consider the benefit of the LMC with respect to the additional complexity. “Sol. #0” should not be ruled out.
Proposal 5: RAN3 should carefully consider the benefit of the LMC with respect to the additional complexity; “Solution #0” should not be ruled out.
2.4 Connectivity between the External Client and the LMC

In current NR positioning architecture, the external client generates positioning requests, which are then routed to the LMF through the GMLC and the AMF. When a centralized LMF is deployed, there is a single connectivity path from the external client to the LMF through the Le, NLg, and NLs logical interfaces (see Figure 1).  When more than one LMCs are deployed, there will be multiple NLs interfaces from the AMF to the various LMCs, and this might have an impact on connectivity also with respect to the external client. In this new scenario, in other words, the AMF seems to take on the role of LMC selection depending on the positioning request coming from the external client and the GMLC. While AMF functionality is out of RAN3 scope, we believe this aspect should be highlighted by RAN3 none the less.
Observation 10: When several LMCs are deployed, the AMF takes the role of LMC selection according to the positioning requests received from the external client.
Given that NLs from the AMF to the LCSs will be transported over NG, this will impact RAN3 interfaces. Depending on the design of the LMC selection function in the AMF (out of RAN3 scope), the CP traffic impact on NGAP may be significant, and it may prove to be a significant drawback of this solution. Further analysis of this issue, possibly together with SA2, should be done.

Proposal 6: Further analysis of the NG-C impact due to LMC selection function in the AMF, possibly together with SA2, should be done.
3 Conclusions and Proposals
By specifying an LMC to be placed in the NG-RAN node, the following major impacts on RAN3 are foreseen:

1. Both endpoints of NRPPa are in the same node;

2. XnAP effectively takes on inter-LMF coordination functions, especially at handover;

3. NGAP needs to be enhanced with transport containers for NLs;
4. Connectivity between the external client and the LMC now needs to be understood.

Our proposals are summarized below.
Proposal 1: RAN3 should concentrate its study on the following impacts of the Local LCS solution: LMC architecture, coexistence and coordination of LMC and LMF, NG-C and Xn signaling, impacts of UE mobility with LMC on Xn.

Proposal 2: In case of split gNB architecture, the LMC is located in the gNB-CU.

Proposal 3: The NG-RAN node should fail a positioning measurement request for a UE received from an LMF (local or centralized) when a positioning measurement is ongoing for the same UE in the same NG-RAN node due to a request from another LMF (local or centralized); in other words, there shall always be only one positioning anchor for a given UE.

Proposal 4: The LMF can be physically deployed in the NG-RAN even with the current logical architecture, eliminating NRPPa, its transport on NGAP, and its routing in the AMF and avoiding additional specification impacts (“Solution #0”); additional functions could be added incrementally in later releases.
Proposal 5: RAN3 should carefully consider the benefit of LMC deployment with respect to the additional complexity; “Solution #0” should not be ruled out.

Proposal 6: Further analysis of the NG-C impact due to LMC selection function in the AMF, possibly together with SA2, should be done.
Proposal 7: Capture the TP in the TR.
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START OF CHANGES
x.x Location Server Functionality in the NG-RAN

x.x.1 Solution #0

Even with the current logical architecture, the LMF can be physically deployed in the NG-RAN. This type of deployment eliminates the need for NRPPa, for its transport on NGAP messages, and for its routing in the AMF. This deployment-based solution (“Solution #0”) seems to have all the benefits of the solution from TR 38.855 [x] in terms of latency, while avoiding additional specification impacts on any interfaces. Any additional functions such as AMF selection, LMF registration etc., may be added incrementally in later releases if their benefit is proven.
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Figure x.x.1-1 Positioning architecture with local LMF in NG-RAN.
x.x.2 Solution from TR 38.855
Adding location server functionality in the NG-RAN can be done according to the solution described in TR 38.855 [x]. This will result in a distributed deployment of LMF functionality across NG-RAN nodes, subject to AMF selection. The selection is based on an LMF registration procedure traversing the core network.
This solution requires NGAP messages to transport “core-network-level” message exchange from the NG-RAN to the AMF and the NRF.

The NRPPa interface between the NG-RAN node and the LMC becomes unnecessary and disappears, because both logical nodes are part of the same physical node.
x.x.3 Location of LMC in case of split gNB

In case of split gNB, the LMC is in the gNB-CU.
x.x.4 Impact of LMC in RAN
In the current NG-RAN positioning architecture [5], the LMF is the positioning anchor. It has complete knowledge of all positioning sessions and terminates NRPPa toward the NG-RAN node. The AMF always knows the serving node for the UE, so it routes NRPPa and transports it over NLs and NG-C to the appropriate NG-RAN node.

When an LMC is placed in an NG-RAN node according to Figure x.x.1-1, the AMF needs to know the serving node for the UE, because it always needs to page it, before the positioning session can start. All the legacy procedures for NLs then need to be supported: therefore, transport containers for NLs messages need to be added to NGAP.

x.x.5 Impact of UE Mobility with LMC on Xn
An LMC in an NG-RAN node can only act as positioning anchor for the UEs served by its hosting NG-RAN node, because it is the only node where the UE context is stored. When a UE is handed over to another NG-RAN node and a positioning measurement is ongoing, the measurement needs to be stopped in the source node, because:

1. The target is not aware of the ongoing NRPPa session;

2. The LMF has no measurement context for the target node for the UE handed over.

Therefore, the NRPPa positioning procedure cannot be completed.
It is possible, however, to transfer partial measurement data between source and target NG-RAN nodes at Xn handover: such data may be included in the RRC container in the XnAP HANDOVER REQUEST message. Furthermore, the LMC in the target needs the UE measurement context from the LMC in the source in order to continue the measurement. Hence, both partial measurement data and UE measurement context need to be added to XnAP handover signaling. The Xn interface effectively becomes an inter-LMF coordination interface.

The RRC container does not seem appropriate to carry LMF UE measurement context information: new IEs need to be added to the XnAP Handover Preparation procedure to signal the LMF UE measurement context.

x.x.6 Coexistence and Coordination of LMCs and LMFs
An additional aspect that needs to be considered, is the interaction among different LMCs and the LMF. For example, we should consider the scenario where a centralized LMF requests a positioning measurement for a UE to an NG-RAN node where another positioning measurement is ongoing for the same UE due to a request from the LMC. In such a case, the NG-RAN node should probably fail the later request and any subsequent request for the same UE.

Apart from the above scenario, the much broader issue of inter-LMF coordination might still need to be considered. While LMF functionality and coordination (if any) is specified by Core Network standards, its impact would be high on NG and Xn signaling. This is a significant drawback of introducing LMF functionality in NG-RAN.
x.x.7 Impact of LMC selection on NG-C
When more than one LMCs are deployed, multiple NLs interfaces from the AMF to the various LMCs will be present. In this scenario, the AMF performs LMC selection depending on the positioning request coming from the external client and the GMLC. NLs from the AMF to the LCSs is transported over NG, therefore depending on the design of the LMC selection function in the AMF (out of RAN3 scope), the CP traffic impact on NGAP may be significant, and it may prove to be a significant drawback of this solution.
END OF CHANGES
� Protocols/signaling between NG-RAN and UE, and security issues (both are mentioned in � REF _Ref16256328 \r \h ��[1]�) are out of RAN3 scope.





