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1 Introduction

The issue of whether to introduce a location server in the NG-RAN has been discussed between RAN2 and SA2 [4]. This is documented in [2] as Solutions 15, 23, 26, and 28 (Enhancement to LCS architecture, Unified NEF Location Service Exposure, Local LCS Architecture, and Enhanced NG-RAN to support high accuracy location estimation, respectively) to Key Issues #3 and #7 (Support of low latency and high performance LCS, and Location service exposure, respectively).

In a previous e-mail discussion in RAN2 [3] there seemed to be strong consensus in favor of allowing to deploy location management functionality in NG-RAN for Rel-16 for low latency and high performance location services. We will present some observations from the point of view of RAN3.

2 Discussion

Solutions 15, 23, 26, and 28 as described in [2] can be regarded as different “flavors” of supporting location server functionality in the NG-RAN. During RAN2 discussion [3], the SI Rapporteur suggested to exclude Sol. 15 from further discussion. Furthermore, as it seems that Sol. 23 is somehow included in Sol. 28 [2], it was further observed that the discussion should consider only Sols. 26 and 28. We will briefly describe them here for convenience, including a short discussion.
2.1 Solution 26 – Local LCS Architecture

This solution proposes a local LMF in the NG-RAN. The corresponding architecture is shown in Figure 1 below.
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Figure 1 Local LCS architecture (“Sol. 26” [2]).
This solution introduces a “Local LMF Registration” to register the local LMF to the Network Repository Function (NRF), and an “AMF-based Local LMF Selection” to select a suitable local LMF by the AMF. Both functions need to be supported through appropriate NGAP transport messages.

Observation 1: Sol. 26 calls for the introduction of appropriate NGAP transport messages to support local LMF registration and AMF-based local LMF selection functions.
2.2 Solution 28 – Enhanced NG-RAN to Support High Accuracy Location Estimation

In this solution, the NG-RAN node may be enhanced to support location management functionality to enable high accuracy location estimation, i.e., higher than Cell ID-level location accuracy. The AMF performs LMF selection based on location management capability.

The capability of the NG-RAN node for location management may be known to the AMF by pre-configuration and/or NGAP signaling (based on RAN3 decision).

Sol. 28 seems equivalent to Sol. 26, since it achieves the same purpose (LMF functionality in NG-RAN), but calls for possible enhancements of the NGAP Location Reporting procedures (Location Reporting Control, Location Reporting Failure Indication, and/or Location Report) [7]; an alternative would be to introduce new dedicated NGAP messages.
Observation 2: Sol. 28 achieves the same purpose of Sol. 26 but requires enhancing NGAP (either by extending the existing Location Reporting procedures or by introducing new dedicated messages).

2.3 Further Observations

Both solutions will result in a distributed deployment of LMF functionality across NG-RAN nodes, subject to AMF selection. In Sol. 26 the selection is based on an LMF registration procedure traversing the CN, but in Sol. 28 it is based on previous knowledge in the AMF (through either pre-configuration or explicit NGAP signaling, e.g. at NG Setup and/or RAN Node Configuration Update).

Observation 3: Both Sols. 26 and 28 will result in a distributed deployment of LMF functionality in NG-RAN, subject to AMF selection; selection in Sol. 26 is based on an LMF registration procedure, while in Sol. 28 it is based on previous knowledge in the AMF (pre-configuration or NGAP signaling).

We also note that for both solutions the NRPPa interface between the NG-RAN node and the local LMF becomes unnecessary and disappears, because both logical nodes are part of the same physical node.

Observation 4: In both Sols. 26 and 28, NRPPa disappears, because both logical nodes are part of the same physical node.
Due to the absence of the LMF registration procedure, Sol. 28 seems slightly simpler from a system point of view, since it does not require interaction with any other CN node except AMF. Sol. 26, on the other hand, limits the impact on NGAP by requiring only “transport container” functionality to be added to it.

Observation 5: Due to the absence of the LMF registration procedure, Sol. 28 seems slightly simpler form a system point of view, whereas Sol. 26 limits the impact on NGAP.
An additional aspect that we need to consider, is the issue of interaction among different local LMFs and the centralized LMF. 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 local LMF. In principle, the NG-RAN node should fail the request if it arrives when another measurement is ongoing for the same UE.
Proposal 1: Regardless of the solution selected for normative work, 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).
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, its impact would be taken by RAN3, because it would impact NG and Xn signaling. We consider this to be a significant drawback of introducing LMF functionality in NG-RAN.
Observation 6: 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 Sols. 26 and 28 in terms of latency, while avoiding additional specification impacts on any interfaces. If additional functions such as AMF selection, LMF registration, etc. are desired, they could still be added incrementally in later releases if their benefit is proven.
Proposal 2: 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, between Sols. 26 and 28 we would have a slight preference for Sol. 28. Nevertheless, we would request RAN3 to carefully consider the benefit of the local LMF deployment with respect to the additional complexity. “Sol. #0” should not be ruled out.
Proposal 3: Between Sols. 26 and 28 we would have a slight preference for Sol. 28, but RAN3 should carefully consider the benefit of local LMF deployment with respect to the additional complexity; “Solution #0” should not be ruled out.
Proposal 4: Capture the TP in the TR.
3 Conclusions and Proposals
Our proposals are summarized below.
Proposal 1: Regardless of the solution selected for normative work, 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).

Proposal 2: 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 3: Between Sols. 26 and 28 we would have a slight preference for Sol. 28, but RAN3 should carefully consider the benefit of local LMF deployment with respect to the additional complexity; “Solution #0” should not be ruled out.
Proposal 4: Capture the TP in the TR.
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START OF CHANGES
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].

AMF
Access and Mobility Function
CID
Cell ID

CDF
Cumulative Distribution Function

ECID
Enhanced Cell ID

GNSS
Global Navigation Satellite System

LCS
LoCation Services

LMF
Location Management Function

LPP
LTE Positioning Protocol

NRF
Network Repository Function

OTDOA
Observed Time Difference Of Arrival

TBS
Terrestrial Beacon System

TTFF
Time To First Fix

UTDOA
Uplink Time Difference Of Arrival

WLAN
Wireless Local Area Network

NEXT CHANGE
9.3
Architecture aspects

9.3.x Location Server Functionality in the NG-RAN

Adding location server functionality in the NG-RAN can be done according to Solution 26 and 28 described in TR 23.731 [x].
Both solutions will result in a distributed deployment of LMF functionality across NG-RAN nodes, subject to AMF selection. In Sol. 26 the selection is based on an LMF registration procedure traversing the core network, but in Sol. 28 it is based on previous knowledge in the AMF (through either pre-configuration or explicit NGAP signaling, e.g. at NG Setup and/or RAN Node Configuration Update). Solution 28 calls for possible enhancements of the NGAP Location Reporting procedures (Location Reporting Control, Location Reporting Failure Indication, and/or Location Report (TS 38.413 [y]); an alternative would be to introduce new dedicated NGAP messages. Solution 26 requires NGAP messages to transport “core-network-level” message exchange from the NG-RAN to the AMF and the NRF.
We also note that for both solutions the NRPPa interface between the NG-RAN node and the local LMF becomes unnecessary and disappears, because both logical nodes are part of the same physical node.

Due to the absence of the LMF registration procedure, Sol. 28 seems slightly simpler from a system point of view, since it does not require interaction with any other CN node except AMF. Sol. 26, on the other hand, limits the impact on NGAP by requiring only “transport container” functionality to be added to it.

An additional aspect that needs to be considered, is the interaction among different local LMFs and the centralized 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 local LMF. 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.

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 Sols. 26 and 28 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.
END OF CHANGES
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