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1 Introduction
In RAN#83 meeting, a new SID [1] was approved to study on the local NR positioning in NG-RAN. The objective for this SI is as follows:

The objective of this study item is to study the feasibility and specification impact on, [RAN3]

a) 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

b) NG RAN acting as LCS client. 

SA working groups should be involved, if necessary.

In this paper, we provide some analysis on architecture, interface and protocol impact of supporting location LMF in NG-RAN.
2 Discussion
During the preceding Study Item “Study on NR positioning support”, RAN2 has studied on local LMF and LCS client in NG-RAN. As for local LMF in NG-RAN, RAN2 concluded that this option is recommended for normative work, provided the concerns raised in the study phase are addressed. As for the LCS client in RAN, RAN2 concluded that from RAN2 perspective there is no impact to enable the LCS client, the decision is left to RAN3. However, RAN3 did not reach consensus for normative work for local LMF and LCS client within NG-RAN from feasibility point of view.
During the SID scoping process at RAN plenary, it was clarified that benefits and performance gains of local LMF has been identified and captured by SA2 in TS 23.731. The new study item is to study the feasibility and specification impact for supporting local LMF and/or LCS client in NG-RAN, benefits evaluation is out of the scope of this study item.
Observation 1: The study item will concentrate on the feasibility study and specification impact of supporting local LMF and/or LCS client in NG-RAN, whereas evaluation of benefits and performance gains is out of the scope. 
To achieve low latency and high-performance location estimates, different solutions for the support of location management functionality in NG-RAN have been discussed in SA2 and captured in TR 23.731[33].

An example end to end architecture on support of location management functionality in NG-RAN is shown in Figure 1 and it involves a location management component (LMC) in NG-RAN:
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Figure 1 Local LMF end to end architecture

From RAN perspective the support of location management functionality in NG-RAN impacts:

-
Architecture of location management component within NG-RAN.
-
NG-C interface: signalling between NG-RAN and AMF;
-
Protocol/signalling between NG-RAN and UE; 

-
Protocol/signalling between NG-RANs;  

Additionally, some potential issues need to be addressed including

-
Co-existence of LMC in NG-RAN and LMF in 5GC

-
Security aspect
In the following, we provide some analysis on the architecture, interface and protocol impact of supporting LMF in NG-RAN. 
2.1 NG-RAN Architecture
Supporting LMC in NG-RAN may imply different NG-RAN architectures. Three potential modified architectures are shown in Figure 2
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Figure 2a: Solution 1                                  Figure 2b: solution 2
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Figure 2c: Solution 3
· Solution 1: Figure 2a shows architecture where LMC is a functionality of NG-RAN node, in CU-DU split architecture, it could reside in gNB-CU. The information exchange between LMC and NG-RAN node would be an internal operation
· Solution 2: Figure 2b shows architecture where LMC is a new logical node within the NG-RAN node. A new interface or extension of existing interface (e.g., F1 interface) needs to be defined.
· Solution 3: Figure 2c shows architecture where LMC is a new logical node of NG-RAN architecture. A new interface or extention of existing interface (e.g., Xn interface) needs to be defined.
Observation 2: Three NG-RAN architectures exist to support LMC in NG-RAN according to whether LMC is a functionality or logical node of NG-RAN.
From functional point of view, LMC is a location computational component which could be able to accommodate a number of NG-RAN nodes. Moreover, typical positioning algorithm requires assistance data from more than one gNB, from this sense, Solution 3 is preferred.
Proposal 1: RAN3 to discuss the proposed architecture alternatives for LMC in NG-RAN. Solution 3 is preferred.
2.2 Uu interface: signalling between Local LMF in NG-RAN and UE
For obtaining downlink location measurements or a location estimation from the UE, there are two possible solutions for information exchange between Local LMF in NG-RAN and UE. One is to reuse the existing LPP messages and contain LPP PDU in the RRC message as transparent container, the other is to extend/introduce new RRC message with explicit IEs instead of existing LPP messages. This discussion on this aspect is actually RAN2’s responsibility. The email discussion report in preceding study item shows most of companies support using the first option, i.e., LPP over RRC. From specification and implementation perspective, the first one is better since the existing LPP messages related to Capability Transfer, Assistance Data Transfer, Location Information Transfer, etc. can still be used. 
Proposal 2: The existing LPP protocol can be reused for communication between Local LMF (in NG-RAN) and UE.
2.3 Xn interface: signalling between Local LMF and adjacent NG-RAN
The Xn-AP protocol, terminated between the neighbouring gNBs, can be used as transport for NRPPa messages over the Xn interface. 

Alternatively, Xn-AP protocol can be extended with explicit IEs to carry the information between LMF and NG-RAN, e.g., location assistance data. 
Proposal 3:  RAN3 to study and decide the proposed solutions for the information exchange between Local LMF and adjacent NG-RAN.
2.4 N2 interface: signalling between Local LMF in NG RAN and AMF

Basically, there are three options to support the communication between local LMF in NG-RAN and AMF,

Option 1: introduce new NG-AP message with explicit IEs to support corresponding functions;

Option 2: reuse and extend the existing NGAP procedure, e.g., Location Reporting Control procedure as proposed for Solutions 23 and 28 in TR 23.731.
Option 3: reuse the existing AMF/LMF Services and AMF/LMF Service Operations on NLs (e.g. Nlmf_Location_DetermineLocation, Namf_Communication _N1N2MessageTransfer service operation), and contain it in NG-AP message as transparent container; 

As far as we are concerned, Option 1 and 2 the AMF can interact directly with NG-RAN via the NG-AP signalling while option 3 the AMF interacts with the local LMF in MG-RAN via the NLs over NG interface. Selection of the options depends on how we define the role of local LMF, whether is seen as a special kind of LMF or inherent location capability of NG-RAN. Anyway, it is RAN3’s responsibility to make decision, in cooperation with SA2.
Here below is an example procedure using OTDOA.
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Figure 2: Example location service request procedure with Local LMF
Proposal 4: RAN3 to study and decide the proposed signalling between Local LMF (in NG-RAN) and AMF.
2.5 Co-existence of LMC in NG-RAN and LMF in 5GC

As mentioned above, to support local LMF in NG-RAN, 4 solutions (Solution 15, 23, 26 and 28) have been discussed in SA2. Considering SA2 agreed to treat solution 15 as low priority and solution 23 is a complement to solution 28, only solution 26 and 28 should be considered for further study.
From RAN perspective, the two solutions are similar. The main difference is whether there should be a Local LMF capability registration procedure to register the Local LMF to the NRF. Solution 26 is based on local LMF capability registration to NRF while solution 28 is relying on AMF pre-configuration or NG signalling. The commonality between the two solution is AMF will obtain the local LMF capability of the NG-RAN node and based on which AMF will select the suitable LMF (may consult NRF), e.g., local LMC in NG-RAN or LMF in 5GC, to perform location request. 
Therefore, the selection of LMC and LMF can be decided by SA2, based on the NG-RAN capability and location service requirement. 
Observation 3: Co-existence issue of LMC in NG-RAN and LMF in 5GC can be addressed by the solutions in SA2
2.6 Security aspect
During the previous study some companies raised the concern on whether there is security risk to allow support for location management functionality in NG-RAN. The claimed risk mainly comes from the exposure of IMSI/SPI to RAN. Specifically, in LTE, IMSI could be carried in the location request message to help LMF identify the UE for location service and similarly SUPI may be provided to LMF for 5G system. In case of local LMF in NG-RAN, IMSI/SUPI could be made available at RAN side and may increase the security risk. However, this issue can be resolved by not transferring SUPI from AMF to the local LMF, while the UE can be identified by the UE AP ID carried in the UE associated message of the NG interface, e.g., Location reporting control message if the method of extension of existing message over NG interface is adopted or NAS transport message if NLs over NG interface method is adopted.   
Observation 4: The security risk to allow support for local LMF in NG-RAN can be solved by new signaling design.
2 Conclusion

Observation 1: The study item will concentrate on the feasibility study and specification impact of supporting local LMF and/or LCS client in NG-RAN, whereas evaluation of benefits and performance gains is out of the scope. 
Observation 2: Three NG-RAN architectures exist to support LMC in NG-RAN according to whether LMC is a functionality or logical node of NG-RAN.

Observation 3: Co-existence issue of LMC in NG-RAN and LMF in 5GC can be addressed by the solutions in SA2

Observation 4: The security risk to allow support for local LMF in NG-RAN can be solved by new signaling design.
Proposal 1: RAN3 to discuss the proposed architecture alternatives for LMC in NG-RAN. Solution 3 is preferred.
Proposal 2: The existing LPP protocol can be reused for communication between Local LMF (in NG-RAN) and UE.
Proposal 3:  RAN3 to study and decide the proposed solutions for the information exchange between Local LMF and adjacent NG-RAN.
Proposal 4: RAN3 to study and decide the proposed signalling between Local LMF (in NG-RAN) and AMF.
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