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1. Introduction
In previous NR positioning support Study Item, RAN2 has studied on LCS client in NG-RAN. RAN2 concluded that from RAN2 side 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 LCS client within NG-RAN from feasibility point of view. 
The new Study Item [1] set up for further study on this topic. The below objective of this study item is to study the feasibility and specification impact on,

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.

In this contribution, we focus on NG RAN acting as LCS client.
2. Discussion
Regarding to NG RAN acting as LCS client, in 23.731[2], Solution 11: Solution for Location Service exposure to NG-RAN is captured as below.
This solution is to address Key Issue 1 "Enhancements to LCS architecture" and Key Issue 7 "Position service exposure" by adding NG-RAN as a potential internal LCS Client (i.e. internal consumer of Location Service). Providing LCS Service to RAN benefits use cases such as "QoS verification" and "Coverage optimization" as described in TR 36.880 [25] and in addition may be used by RRM procedures.

It is assumed that the NG-RAN, as an internal LCS client, 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.
Some use cases are listed as above for the NG-RAN acting as client in this SA2 Study Item. Also in RAN2 email discuss report R2-1900753[3], mostly companies think the NG-RAN acting as LCS client is a reasonable and useful case and list some use cases benefit from the location information.
In 23.271[4] section 4.2Location Services Categories. The internal LCS service is captured as below. The description state the network node may request the UE location for some use cases.
 -
The Internal LCS will typically be developed to make use of the location information of the UE for Access Network internal operations. This may include; for example, location assisted handover and traffic and coverage measurement. This may also include support certain O&M related tasks, supplementary services, IN related services and GSM bearer services and teleservices.
Observation 1:Many use cases benefit from NG-RAN aware the UE location information
Proposal 1：NG-RAN acting as LCS client should be supported in NR 

In last RAN3 meeting, three alternative architectures of the LLMF supported in RAN are captured in 38.865[5],  If the NG_RAN acting as LCS client is supported, we may think the NG-RAN acting as LCS client with NG-RAN LLMF supported cases. The deployed scenarios may have the below cases:

1. NG-RAN acting as LCS client with the LMF in core network 

2. NG-RAN acting as LCS client with the LLMF function in NG-RAN node(alt1)
3. NG-RAN acting as LCS client with separated LLMF node(like as DU) connect  to gNB-CU(alt2)

4. NG-RAN acting as LCS client with separated LLMF node connect  to RAN node with new interface (alt3)
For the case 1, SA2 capture the related procedure in the solution 11, TR23.731 in their Study Item. Two new messages on NG interface are introduced for the NG-RAN request the location information of the UE towards the AMF.
The flow below indicates the procedure where NG-RAN requests Location service:


[image: image1.emf] 

UE  

NG - RAN  

A MF  

L MF  

2 .  RAN   Initiated  Location   Request  

3 .  Nlmf_ Location_DetermineLocation   Re quest  

4.   UE positioning  

1.   UE in  CM CONNECTED mode  

6 .  RAN  Initiated  Location   Re sponse  

5.  Nlmf_ Location_DetermineLocation  Re sponse  


Figure 6.11.3.1-1: Location service exposure to NG-RAN

1.
The UE is in CM CONNECTED mode and the NG-RAN detects the need to get (accurate) UE location.

2.
If NG-RAN doesn't support LM functionality, it sends a RAN Initiated Location Request message to the AMF. The RAN Initiated Location Request message shall,  contain the requested location information. The AMF determines the UE for which location is requested using the NGAP context associated with the RAN request.

Step 3-5 follows Step 6-8 of 5GC-MT-LR Procedure defined in clause 6.14.3.1.
6.
The AMF sends RAN Initiated Location Response to the NG-RAN.

Observation 2: NG interface need to be enhanced for the NG-RAN acting as internal LCS client if LMF in 5GC
In the case 1, the NG-RAN node also can works as the third party(external) LCS-client if it supports corresponding protocols .  The NG-RAN may go through the Le interface to the GMLC. But it is obvious that is less effective than go through the AMF. But in this solution, no any specification is needed. It can be left to deployment and implementation. Mostly NG-RAN aware the location information use cases are not latency sensitive, so this solution may be good choice due to no specification impacting. 
Observation 3:NG-RAN acting as LCS client may be treated as external LCS client 

Proposal 2：RAN3 discuss which solution need to be adopted when LMF in 5GC: NG-RAN acting as internal LCS client with NG enhancement or external LCS client without any specification 
For case 2, if the NG-RAN supports the local LMF, the NG-RAN can obtain the location information of the UE from the LMF within itself. No any message need go to the interface. We do not sure if there is anything to specify from RAN2. From RAN3 perspective, there is no impacting on the specification. 
We are not sure if any cases that one NG-RAN node requests the location information of the UE which is not connected to this NG-RAN node but connected to other NG-RAN node with LMF. Even though it is reasonable case, the procedure may follow the case 1 go through the AMF to the UE serving NG-RAN node because the AMF knows which NG-RAN node the UE locates.

Proposal 3：NG-RAN acting as LCS client need not to be specified if the NG-RAN support Local LMF function within itself

For case 3 and case 4, the two messages on new interface or F1 interface need to be introduced for the location request like as case1 in NG interface

Proposal 4：The location request procedure should be defined in the New interface or the F1 liked interface if LLMF as separated node in NG-RAN
3. Conclusion 

This paper discussed supporting NG-Ran acting as client and provided relevant observations and proposals:
Observation 1:Many use cases benefit from NG-RAN aware the UE location information

Proposal 1：NG-RAN acting as LCS client should be supported in NR 

Observation 2: NG interface need to be enhanced for the NG-RAN acting as internal LCS client if LMF in 5GC

Observation 3:NG-RAN acting as LCS client may be treated as external LCS client 

Proposal 2：RAN3 discuss which solution need to be adopted when LMF in 5GC: NG-RAN acting as internal LCS client with NG enhancement or external LCS client without any specification 

Proposal 3：NG-RAN acting as LCS client need not to be specified if the NG-RAN support Local LMF function within itself

Proposal 4：The location request procedure should be defined in the New interface or the F1 liked interface if LLMF as separated node in NG-RAN
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LCS client in NG-RAN

Editor note: Specification impact of NG RAN acting as LCS client
6.1
Architecture

6.2

Impact on existing protocols and interfaces
6.2.x1 
LCS client in NG-RAN when LMF in 5GC

If LMF located in 5GC, the NG-RAN acting as LCS client may introduce the new message on NG interface as captured in TR23.731 for the location request procedure from NG-RAN to AMF. If NG-RAN can work as external client, the NG-RAN node may request the location information via GMLC, there is no impact on the existing protocols and interfaces

6.2.x2
LCS client in NG-RAN when LMF in NG-RAN

The impact on the protocols and interfaces is different according the architecture if the LMF located in NG-RAN system which is captured in section 5. For Alternative 1, the NG-RAN can initial the location procedure via internal message. There is no impact on the existing protocol and interface. For Alternative 2 and Alternative 3, the new message should be introduced for the location request procedure.
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