[bookmark: _Ref452454252]3GPP TSG RAN WG2 Meeting #105                                                       R2-1900753
Athens, Greece, 25th February – 1st March 2019

Agenda item:	11.8.2
Source:		Intel Corporation (rapporteur)
Title:  		Email discussion report on [104#35][NR] Positioning SI (Intel) 
Document for:	Discussion and decision
[bookmark: _Ref429645891]Introduction
[bookmark: Proposal_Pattern_Length]This is the email discussion report on [104#35][NR] Positioning SI (Intel).
[104#35][NR] Positioning SI (Intel)
-	Start the discussion after RANP
	Location server functions in RAN: discuss the potential RAN impacts and procedures (e.g. protocol, interface between RAN/CN, etc); May do comparison
-	Procedures on RAN obtaining UE location: comparison on  potential solutions, e.g. MDT like method, location server function in RAN, RAN as LCS client; try to conclude whether all solutions are needed
-	Note: Take into account the output of SA2#129bis, and SA plenary meeting in our discussion;
-	Outcome of the email discussion:
-	Summary on concrete  solutions for identified RAN impacts for location server functions in RAN and potential majority view;
-	Summary on concrete solutions for RAN obtaining UE location, and company’s view;
-	Potential TP to capture solution details on potential enhancements of architecture;
	Deadline:  Thursday 2019-02-07
In this email discussion, Rapporteur lists SA progress, and provides initial draft on potential RAN impacts. Companies are invited to provide your view. Rapporteur would suggest to have two phases discussion:
Phase 1: Companies are invited to provide your view on questions for LMF in RAN and RAN as LCS client; Deadline for phase 1: Thursday 2019-1-31. 
Phase 2: Rapporteur will provide summary and draft TP based on inputs from companies. Companies are invited to provide comments on Draft TP; Deadline for Phase 2:  Thursday 2019-02-07
SA progress
Based on [1]-[3], SA has finished their positioning SI, and the corresponding WI has been approved. Regarding NG RAN being the LCS client and NG RAN enhanced to support LM functionality, SA2 replied RAN2 LS in [4] as:
	Based on TR 23.731 conclusion:
· To resolve Key Issue #7, Solution 11 provides acceptable support when exposing location service to NG-RAN. This is conditional on RAN agreement on support of NG-RAN as an internal LCS Client in Rel-16.
· [bookmark: _Hlk531335147]To resolve Key Issue #3, NG-RAN node enhanced with the support of location management functionality is selected to perform UE positioning locally in the RAN under the condition that RAN WG(s) concludes that NG-RAN supports location management functionality. And RAN WG(s) is expected to study and develop detail N2 configuration procedures, UE positioning procedures and the N2 extensions for the enhancement. 



Based on SA2 statement, there is no problem for them to support both  NG RAN being the LCS client and NG RAN enhanced to support LM functionality. The final decision is left to RAN. 
Question 1: Do companies agree that it is RAN2 to make decision on whether NG RAN being the LCS client and NG RAN enhanced to support LM functionality shall be supported in Rel-16 NR positioning.
	Company
	Yes/No
	Remark (if any)

	CMCC
	Yes
	All the potential solutions require location management functionality supported in NG-RAN. It is sure that RAN2 could make the decision.

	CATT
	Yes
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]RAN2 should make the decision. But for the detailed solutions, some points may impact entities in core network, e.g. whether AMF is allowed to register to NRF on behalf of the LMF in RAN node, or just allow AMF to store the context of the LMF in RAN node which should be decided by SA2, not RAN. 

	ZTE
	Yes
	To make NG RAN a LCS client,the main changes would happen to RAN,so it should be the RAN2 to make the decision and study the possible impacts to other group.

	vivo
	Yes
	To support NG RAN being the LCS client and LM functionality in RAN, the main effort of RAN is expected in RAN2 and RAN3. As in the RAN positioning SID, RAN2 is primarily responsible for the “positioning architecture for location services, functional interfaces, protocol, and procedures. “
Hence，we think RAN2 could make the decision.

	Qualcomm
	Yes
	On “NG RAN being the LCS client”, RAN2 should study and document the use cases and how they could be realized. For example, some user cases may be better supported using a location server function in the RAN (e.g. due to stringent QoS requirements). NG-RAN as an LCS client should thus have identified and agreed user cases.

	OPPO
	Yes
	

	Samsung
	Yes
	NG RAN being the LCS client could be mainly in charge of RAN2 based on the justification of use case, and RAN enhancement to support LM functions shall be supported. However, as CATT indicated, there could be impact to the core network entity e.g., AMF, NRF etc. and the interfaces between RAN node and these network entities. So RAN2 should study on the possible impact to the other working group too.

	Ericsson
	Yes
	Even though RAN2 specifications are as such not impacted because of this apart from the stage 2 description. However, as SA2 has already asked RAN2 to decide upon this, thus RAN2 should make a formal decision.
From spec and implementation point of view, it is easier for RAN to be LCS client. When needed, it can obtain the location from Location server via AMF.
The main use case would be especially in terms of complementing MDT and enabling operators to orchestra the Network in terms of beam forming, SON, Mobility decisions etc. as highlighted and presented in R2-1817724.zip
We do not think that the interface delay between RAN and AMF/LMF to be main concern here.
In order to have a full Location server functionality in RAN would basically imply in duplication of procedures and protocol between gNB and LMF which needs to be fully analyzed, pros and cons. The complexity added versus the gains.
Alternately, if need be, LMF based edge cloud computing could be deployed which would then fulfil, if any, “stringent QoS” requirement without having to duplicate procedures and protocols in two Network Nodes (LMF and gNB).
Further if interface delay is concern, then a more UE based positioning methods can be supported.


	Nokia
	Yes
	RAN2 must decide whether NG-RAN can act as internal LCS client sending location request to AMF or support location management/server functionality in NG-RAN. RAN2 must make the decision at stage 2 level first and request RAN3 to study the details of NG-RAN-AMF interface. RAN2 should focus more on the NG-RAN-UE interface. RAN2 must just reply to SA2 about the decision on “NG-RAN as internal LCS client” or “Support of LM functionality in NG-RAN” and let SA2 make the final decision on the overall solution from solutions discussed in 23.731.

	MediaTek
	Yes
	It’s clear from the SA2 request that these decisions are in RAN2 hands.
Of the use cases that have been identified for location exposure to NG-RAN, some depend on low latency (e.g. using the UE location in real time for beam tracking) and militate for having the positioning functionality at the edge, while others are less time sensitive (e.g. SON functions) and could be served by having the gNB as an LCS client without the need to support “server at the edge” functionality.  So we see the two solutions as complementary.
Regarding Ericsson’s last comment above, we are a bit unsure why using UE-based positioning methods would reduce interface delay if there are no changes to the higher-layer message flows.  A typical positioning operation would still require two UE-LMF roundtrips (Request/Provide Location Information and Request/Provide Assistance Data), and potentially a third roundtrip for exchange of capabilities, followed by delivery of the location estimate to the requesting client, irrespective of whether the computation takes place at the UE or the LMF.  So we tend to think that locating the server functionality at the edge is a more effective approach to reducing interface latency.

	Polaris Wireless
	Yes
	RAN 2 should make the decision.
We are not ruling out location management functionality at the NG-RAN in general but we believe any “local” LMF ought to be in support of very specific tasks closely related to the RAN itself (e.g. support of MDT, SON, etc.) as opposed to generic Location Management Function that already exists in the 5GCN (LMF). We believe that latency and scalability issues can be addressed by appropriate network dimensioning. Use cases that require the NG-RAN to know a UE’s position can be addressed by enabling the NG-RAN to act as LCS Client and does not in our view require to replicate already existing functionality in the 5GCN. 

	ITRI
	Yes
	We agree that RAN2 should make the decision

	Huawei, HiSilicon
	Partially Yes
	RAN2 is responsible for the positioning architecture from the RAN perspective. Also, with the LS from SA2, it is indicated that SA2 think RAN2 should decide whether local LM functionality should be in RAN. In addition, the decision on the Local LMF in RAN may also require SA3 involvement such that we can guarantee the RAN architecture is well designed from the security perspectives. 

	Intel
	Yes
	As indicated in SA2 LS, they leave the final decision to RAN. The architecture discussion is also under the scope of RAN Rel-16 NR positioning SI (RAN2 primary, RAN3 checks, according to current practices for positioning architecture). So RAN2 should make decision, and inform SA2/RAN3 about our decision in order to let them finish corresponding details on network interfaces. 


All companies agree that RAN2 should make decision on whether RAN can act as internal LCS client, and/or whether support location management functionality in NG-RAN. 

Proposal 1: RAN2 to make decision on  whether RAN can act as internal LCS client, and/or whether support location management functionality in NG-RAN, and inform our decision to SA2 and RAN3.  

Location server functions in RAN
On the support of location management functionality in NG-RAN, 4 solutions (Solution 15, 23 (Enhanced NG-RAN Location Reporting Procedure), 26 and 28) have been discussed in SA2 [5], they also did comparison as below:
Table B.3.1: Evaluation on the solution of location management functionality support in NG-RAN
	Solution
	Impact to NRF and service framework
	Impact to LMF
	Impact to AMF
	Impact to NG-RAN node
	Impact to interfaces and service operations

	15
	No
	Yes, LMF enhanced for LMC performance management
	Yes, LMC registration to AMF and AMF enhanced for LMC performance management
	LMC supported
	N2 
New Namf_LMC service

	23
	No
	No
	Yes (minor).
	LM functionality supported
	N2

	26
	Yes，AMF on behalf of LLMF, provides registration to NRF
	No
	Yes, AMF provides the LLMF registration info to NRF using NRF service operations
	LLMF as one RAN capability
	N2

	28
	No
	No
	Yes (minor). NG RAN node LM capability preconfigured locally or received during N2 configuration. 
	LM functionality supported
	N2



Table B.3.1 provides a comparison of Solution 15, 23, 26 and 28, which shows that:
-	All the 4 solutions require location management functionality supported in NG-RAN, thus have dependence to RAN.
-	Solution 28 and Solution 23 has no or minor impact to LMF, AMF and NRF; Solution 15 and Solution 26 has more impacts to LMF, AMF and NRF.	Comment by CATT1: This is not accurate and correct summary. We think except solution 15, for solution 23, 26 and 28, the impact to LMF, AMF, NG-RAN node and interfaces are very similar. For solution 26, AMF provides registration to NRF can be left to SA2 to decide.
However, since the procedure is highly dependent on RAN, it is not within SA2 scope, SA2 agreed that the details of the procedure will be determined by RAN WG(s).
Rapporteur would like to check company’s view on whether in Rel-16, NG-RAN should support location management functionality in order to support low latency and high performance LCS (key issue 3 in [5])?
Question 2: In Rel-16, should NG-RAN support location management functionality in order to support low latency and high performance LCS (key issue 3 in [5])?
	Company
	Yes/No
	Remark (if any)

	CMCC
	Yes 
	For some vertical use cases, e.g. V2X, low latency and high performance LCS is required. NG-RAN supporting location management functionality is the most straightforward way to realize this.

	CATT
	Yes
	If NG-RAN support location management functionality, it will reduce the latency for location calculation and improve the performance of positioning. It also can support the case that RAN node works as the LCS client.

	ZTE
	Yes
	Low latency LCS is a requirement of many use cases especially for the possible future V2X positioning.To support the management functionality in RAN is a good solution.

	vivo
	Yes
	Agree with the above companies. Low latency and high performance LCS is essential for many use cases, e.g. V2X, IIoT.  

	Qualcomm
	Yes
	“Location Management Functionality” in the NG-RAN can be used to support location services without the need for an LMF (or GMLC) in a 5GCN and can also be used to reduce latency in position determination and increase location capacity by offloading location support from LMFs. 
“Location Management Functionality” in the NG-RAN can enable gNBs to determine a UE location which can be used to provide a location service to a UE, serving AMF or LMF and to improve NG-RAN operation (i.e., efficiently enables “NG RAN being the LCS client” use cases).
It appears that SA2 expects a RAN LMF function to have comparable capability to a 5GCN LMF. This seems a reasonable high level goal.

	OPPO
	Yes
	

	Samsung
	Yes
	Location management functionality in NG-RAN must be essential for low latency by realizing faster computation on the location and high performance LCS by close cooperation between RAN nodes and UE. 

	Ericsson
	Yes
	We are fine with Location Management functionality, however, how it is realized should be properly discussed and agreed beforehand. 
We do not see the need of as such any need of offloading location support from LMF to gNB. The very reason to have LMF is because positioning computation is heavy and requires a separate processing node, thus gNB has been offloaded to do this task. If it is moved to gNB it would increase gNB complexity and this would basically encourage duplication of procedures and protocols.
However, for some use cases, where RRC could be used to relay the flight path as in the case of Aerials or the RSRP/RSRQ values that are sent by the UE as part of mobility procedure can be used for determining UE position. More details could be seen in Nokia paper R2-1818183.zip
But, the intention should not be to define any new Positioning procedure or any new requirements on the Network or on the UE side. Instead the existing mechanism should be re-used (RRC); E-CID style reporting can be supported between UE and gNB using RRC protocol.


	Nokia
	Most probably
	Without confirming whether security and privacy are needed for NG-RAN to get location information, without knowing the RAN3 preferred approach for N2 interface signaling and without having a common agreement of the use cases it is difficult to know whether the actual latency performance can meet the latency requirements of the selected use cases, and hence it is a bit difficult to say yes or no at this time. However, for the reasons explained below we are leaning more towards an “yes”: 
RAN2 agreed the following in RAN2#104: “RAN2 expect SA2 to consider the E2E delay aspects of supporting location management functionality in RAN”. So, RAN2 can only focus on improving the latency performance over interfaces that involve NG-RAN. Having “LM functionality in NG-RAN” reduces latency and this comes from using UE positioning procedures directly between NG-RAN and UE as opposed to between LMF and UE (which involves LMF to AMF signalling (NLs), AMF to NG-RAN (N2) signalling and NG-RAN to UE signalling (Uu)). 
RAN2 also agreed that “there are use cases where it is useful for the RAN to have the location information about the UE”. It is expected that this location information needed by RAN is not just at cell ID level accuracy but also at an accuracy higher than cell ID level. Having “LM functionality in NG-RAN” allows RAN to have high accuracy location information along with low latency. Using any other means to get high accuracy location in RAN would require LMF-based location service which comes at the cost of increased latency.

	MediaTek
	Yes
	We think there is value in supporting this for latency reduction and scaling.
From the UE implementation point of view it would be preferable to be as agnostic as possible regarding where the server is located, i.e. the UE should use LPP in correspondence with the LMF/”LLMF” whether the latter is in the core or the gNB.
We acknowledge that it is not possible to be fully agnostic since the underlying transport protocol needs to be different, but we should keep the difference limited to the selection of transport protocol rather than e.g. embedding new positioning functionality in the RRC protocol.  Duplication of positioning functions between LPP and RRC is likely to cause spec maintenance trouble.

	Polaris Wireless
	Yes, with caveats
	In general we are fine with location management functionality in the NG-RAN but we do not believe in replicating already existing functionality in the 5GCN. As a result, any location management functionality in the NG-RAN ought to be RAN specific (for e.g. MDT, SON, etc. as opposed to generic LBS) and as such can probably be addressed by what we believe will be small changes to RRC.

	ITRI
	Yes
	We agree with the views of MediaTek

	Huawei, HiSilicon
	TBD
	We share some sympathy with the comment from Nokia above that security and privacy may be a potential issue for the architecture with LM function in RAN.  
Also, we share the same understanding as E// that the main reason why we want to separate the location management functionality into one separate network entity is that positioning requires intensive computation task and if we want to integrate this functionality into RAN, the load for computation will be high for RAN, which may have already been highly loaded. 
Up to now there is no quantitative analysis on how much latency can be reduced for different positioning methods. 
Part of the latency reduction is because it can reduce the number of hops for LPP protocol between the UE and LMF and eliminate the signaling between gNB and core network (Note: for gNB without LMF, the signaling is still needed on Xn). But when an intermediate node (AMF/gNB) receives the message, it just forward it to the next node without any processing. Reducing this part of delay may not substantially reduce the overall delay.  
For all positioning methods, they generally consist of 2 phases: measurement and computation. However, for example, for OTDOA, most of the time is spent in the UE side on the measurement. In comparison, the time for signaling in the air-interface and core network is not so large. For positioning methods that require UE measurements, we are suspicious whether LLMF architecture can substantially reduce the positioning latency. 
Duplicate of functionality/procedure is not good design paradigm either from architecture point of view. A lot of difference scenarios/choices will arise because of this, which induces a lot of work in specification.  Based on the available amount of time we have, we also need to take the workload into consideration

	Intel
	Yes
	We are fine to support Location Management functionality in RAN since it can reduce the latency. We also agree company’s comments, the details should be further discussed in SA2/RAN3/RAN2 but it can be done in WI stage.



15 companies provide inputs. Almost all companies agree to support Location management functionality in RAN, however the details should be further discussed, e.g. whether security and privacy are needed for NG-RAN to get location information. 
3 companies have concern on computation load in RAN due to LMF in RAN. 2 companies would like to understand how much latency can be reduced. 
Based on majority view, Rapporteur would suggest:
Proposal 2: RAN2 agree to support location management functionality in NG-RAN, the details are FFS.  


In 7.6 of [5], SA2 agreed to treat solution 15 as low priority:
	Based on the above, Solution 21 is proposed for continuation in Rel-16 conditional on RAN agreement on support for EDT in Rel-16. Further Solution 14 is proposed as giving a sufficient solution for key issue 5. Other solutions above might also be considered for Rel-16 but are deemed of lower priority.


Rapporteur would suggest to exclude solution 15 in our discussion. 
In addition, as stated in [5], solution 23 includes the Enhanced NG-RAN Location Reporting Procedure, which is a complement to Solution 28. Therefore we only need to consider solution 26 and 28 in our discussion. 
Rapporteur try to summarize the N2 configuration procedures, UE positioning procedures for solution 26 and 28 as shown below based on the description in [5]:

	
	N2 configuration procedures
	UE positioning procedures in N2
	UE positioning procedures in Uu

	Solution 26
	
There are two phases:
1) N2 transport message to the AMF, which may be a NG setup request or RAN configuration update message.
2) AMF may generate and send the Local LMF registration request message towards the NRF
	[bookmark: OLE_LINK1503][bookmark: OLE_LINK1504][bookmark: OLE_LINK1505][bookmark: OLE_LINK1508][bookmark: OLE_LINK1509][bookmark: OLE_LINK1510]The details of communication between AMF and Local LMF are FFS and needs to be further studied in cooperation with RAN
	FFS

	Solution 28
	-    pre-configuration; or
[bookmark: OLE_LINK1506][bookmark: OLE_LINK1507]-	N2 Configuration procedure: This may (based on RAN WG3 decision) use TS 38.413 [26] NG SETUP REQUEST or RAN CONFIGURATION UPDATE messages.

	This may (based on RAN3 decision) imply enhancements to following TS 38.413 [26] messages:
-	LOCATION REPORTING CONTROL, LOCATION REPORTING FAILURE INDICATION, LOCATION REPORT
	FFS



Question 3: If RAN2 were to agree to support LMF in RAN, which solutions (solution 26 or 28) should be selected from RAN perspective?

	Company
	Solution (26 or28)
	Remark

	CMCC
	26/28
	Either is OK.


	CATT
	26
	[bookmark: OLE_LINK1499][bookmark: OLE_LINK1500][bookmark: OLE_LINK1501][bookmark: OLE_LINK1502]Both solution 26 and 28 can support location management functionality in NG-RAN node. The difference is whether to allow the AMF providing registration on behalf of LMF in RAN node which can be left to SA2 for decision.

	ZTE
	26
	We agree with CATT and we think the security problem should also be carefully considered during future detail design.

	vivo
	Either
	Agree with CATT. We think there is no much difference between 26 and 28 from RAN perspective.

	Qualcomm
	23/28
	We prefer the approach in Solution 28 (and Solution 23) which masks details of LMF support in NG-RAN from the AMF. For example, Solution 23/28 would allow gNB support of an LMF or a separate physical LMF without impacting an AMF. With Solution 26, the AMF treats the NG-RAN LMF similar to a 5GCN LMF which seems to reduce flexibility and increase complexity.

	OPPO
	26/28
	We tend to see whether RAN LMF should behave similar to CN LMF (from AMF perspective) is more in SA2 scope, so this should be left for SA2 to decide.

	Samsung
	Either
	Both solution looks similar in the architecture point of view (i.e., LM function is necessary in the NG-RAN node). Regarding the interface, prefer to reuse existing interface if no blocking point. It looks strange that RAN2 will decide the RAN architecture (e.g. whether RAN support LM or LMC) and even the NG interface stuff e.g. Q4. Maybe it is better to leave RAN architecture and NG/N2 interface stuff to RAN3.

	Ericsson
	28
	Solution 28 is far simpler and just let AMF decide if to use LMF or RAN.

	Nokia
	
	RAN2 should not do SA2’s job in selecting between solution 26 and solution 28. We need to work in cooperation with SA2. As we indicated in our answer to Question 1, RAN2 task is to only decide whether NG-RAN can act as internal LCS client for sending LCS service request to AMF or whether NG-RAN can support Location Management functionality. RAN2 should focus on the impacts to Uu and N2 interface (also by consulting with RAN3) in making this decision and provide details of the Uu and N2 procedures to SA2. It is also difficult to understand the distinction between solution 26 and solution 28 due to lack of details on solution 26 in 23.731.
From what I understood, in solution 28 AMF can interact directly with NG-RAN while in solution 26 the AMF interacts with LLMF in NG-RAN (implying a different protocol than NGAP over N2). As far as Uu impacts goes, both solutions seem to have similar impacts as both must implement procedures similar to LPP procedures.

	MediaTek
	26/28
	The N2 portions of the configuration procedures are similar (NG setup request or RAN configuration update), and UE positioning procedures on N2 are left FFS and not specified as part of solution 26.  This makes it difficult to compare them from a RAN perspective.  As mentioned by other companies the most important differences are more in SA2 scope.  We think from RAN perspective either solution is acceptable.

	Polaris Wireless
	28
	AMF should decide whether to use LMF in 5GCN or local LMF in NG-RAN.

	ITRI
	Either
	SA2 need to decide on this since it is in the Scope of SA2. We don’t have strong view on this.

	Huawei, HiSilicon
	Not a relevant question for RAN2
	From the perspective of RAN (RAN3 actually), the only difference between these two approaches is that solution 26 use N2 transport to indicate to the AMF its LLMF capability while solution 28 use NG-AP protocol. The other differences between the two solutions, like whether AMF consult with NRF for LMF selection or the AMF does the LMF selection itself, are out of the scope of discussion for RAN. 
So this question is not relevant for RAN2. It is RAN3's choice to use NG-AP or N2 transport.	

	Intel 
	
	Based on current descriptions in 23.731, the main difference between solution 26 and 28 are whether the registration is done by AMF (26) or not (28). We agree it can be left to SA2/RAN3.   



7 companies have no strong opinion. 2 companies prefer solution 26, 3 companies prefer solution 28. However most companies believe it is mainly related to core-network, and should be left to RAN3/SA2. 
Proposal 3: For location management functionality in NG-RAN, RAN2 leave the decision on which solution should be used (solution 26 or 28 in 23.731) to RAN3/SA2.  

Regarding N2 impact, there could be two options:
Option 1: extend/introduce new N2 message with explicit IEs to support corresponding functions;
[bookmark: OLE_LINK1511][bookmark: OLE_LINK1512]Option 2: reuse the existing AMF/LMF Services and AMF/LMF Service Operations (e.g. Nlmf_Location_DetermineLocation, Namf_Communication _N1N2MessageTransfer service operation), and contain it in N2 message as transparent container; 
Option 3: reuse and extend the existing NGAP Location Reporting Control procedure as proposed for Solutions 23 and 28.
Question 4: If RAN2 were to agree to support LM Functionality in NG-RAN, which option should be selected to support the communication between NG-RAN and the AMF from RAN perspective?

	Company
	Option 1 or 2
	Remark

	CMCC
	Slightly prefer 2
	LLMF can be seen as a special kind of LMF, thus the existing operations could be reused.

	CATT
	Option 2
	The impact would be limited and reduced comparing with option 1. The details should be discussed and decided in RAN3.

	ZTE
	Option 2
	It would has the least impact to specification changes.

	vivo
	Either
	The details can be decided in RAN3.

	Qualcomm
	Option 2/3
	 We have added a missing Option 3. However, we also agree with Option 2 reuse of Nlmf_Location_DetermineLocation, which can be embedded within a Location Reporting Control and Location Report. We also think SA2 and RAN3 need to be involved with this decision.

	OPPO
	Option 2 with comment
	Although we prefer option-2 for limited impact, the selection of N2 implementation is more in the scope of RAN3.

	Samsung
	Either 
	RAN3 can decide.

	Ericsson
	Option 1
	The AMF/LMF Services and Service Operations are aligned to the Service Based Interface framework and are not intended fro use on N2. As example the existing Nlmf service includes paramters such as UE identity and correlation IDs used to route LPP/NRPPa message to/from UE via AMF).  Option 1 is thus seen as simpler than trying to profile existing SBI services for use outside SBI framework. Option is thus preferred 

	Nokia
	
	This is a RAN3 issue but at a stage 2 level, SA2 agreed to adopt solution 14 which reuses the Rel-15 LCS architecture for commercial use cases also. In this architecture the interface between NG-RAN and AMF is not a service-based interface. So, option 2 is out of question. Anyway, RAN3 need to decide this. RAN3 input will also help us decide on Question 2 above.

	MediaTek
	Option 2 (subject to RAN3 decision)
	We prefer option 2, to avoid duplication of functionality between the existing AMF/LMF services and the N2 message formats.  However, we think the decision ultimately needs to be made in RAN3.
Nokia and Ericsson make a reasonable point that N2 is not an SBI, so we understand that the functionality of the existing services needs to be somehow containerised over N2.  RAN3 and SA2 would need to establish the details of how this is done.

	Polaris Wireless
	Option 1
	As pointed out above, we don’t view location management functionality within the NG-RAN as a generic location “service”. Option 2, however, imply as much. Therefore we prefer option 1.
That said, the decision ought to be made in RAN3.

	ITRI
	Either 
	This is RAN3 issue and we agree with Samsung and vivo.

	Huawei, HiSilicon
	Not a relevant question for RAN2 
	Same understanding as E//, as RAN is not the service consumer for the AMF and LMF services and using option2 will violate this general design paradigm for 5GC that RAN cannot be a service consumer for the services running on the SBI. 
But this is finally up to RAN3/ SA2 to decide.

	Intel
	Option 2 (subject to RAN3 decision)
	Option 2 looks simpler. But we agree it only impacts SA2 and RAN3, and should be decided in RAN3. 



7 companies prefer option 2, i.e reuse the existing AMF/LMF Services and AMF/LMF Service Operations (e.g. Nlmf_Location_DetermineLocation, Namf_Communication _N1N2MessageTransfer service operation), and contain it in N2 message as transparent container;
2 company prefer option 1, i.e. extend/introduce new N2 message with explicit IEs to support corresponding functions;
Almost all companies suggest that it should be decided in RAN3, or RAN3 input is needed.
Proposal 4: For location management functionality in NG-RAN, the changes on N2 interface should be decided in RAN3 and SA2.  

Regarding Uu impact, there could be two options:
Option 1: extend/introduce new RRC message with explicit IEs ( container but contains the LPP IEs  defined in LPP specification as LTE MDT) to support corresponding positioning procedures instead of existing LPP messages;
Option 2: reuse the existing LPP messages and contain LPP PDU in the RRC message as transparent container;
Option x: if any?
Rapporteur lists the Pros/Cons as below:

	Comparison Metrics
	Option 2: Reuse LPP
	Option 1: Extend RRC with explicit IE (contains LPP IE container)

	Clean specifications
	Yes, same as normal architecture;
	New RRC procedure has to be defined to support positioning procedure and almost all LPP IEs have to been introduced as container in RRC message;

	RAN2 specification efforts
	Minimum
The only change is to add a container in RRC message to contain LPP PDU
	High
Need to introduce RRC based positioning procedure;


	Implementation impact
	UE/LMF: Minimum


	UE/LMF: Needs to support both LPP based positioning and RRC based positioning



FYI: There was similar discussion in last meeting on whether new NRPP or LPP is used for Rel-16 NR positioning, and RAN2 agreed to reuse LPP. 
[bookmark: OLE_LINK1513][bookmark: OLE_LINK1514][bookmark: OLE_LINK1515][bookmark: OLE_LINK1516]Question 5: If RAN2 were to agree to support LM Functionality in NG-RAN, which option should be selected to support the communication between NG-RAN and the UE from RAN perspective?

	Company
	Option 1 or 2
	Remark

	CMCC
	Either 
	From standardization efforts point of view, reusing the existing LPP messages is better.

	CATT
	Option 2
	Prefer option 2 due to the smallest specification impact and complexity.

	ZTE
	Option 2
	It would has the least specification impact.

	vivo
	Option2
	Option2 has less specification impact.

	Qualcomm
	Option 2
	Assuming an NG-RAN LMF is allowed to support the same set of position methods as a 5GCN LMF (i.e. everything now in LPP), then Option 2 (LPP) seems the lowest impact and simplest solution. This also allows more flexibility in terms of LMF support – e.g. since a physically separate NG-RAN LMF can send and receive LPP containers via a serving gNB/ng-eNB without the need to transfer or translate RRC messages and parameters.

	OPPO
	Option 2
	To minimize the specification impact.

	Samsung
	Option 2
	It is desirable to reuse LPP message for standardization effort minimization. One aspect, if LMF in RAN is introduced, we need to discuss that current LPP encapsulated in NAS over RRC still should be reused. Since UE and LMF in RAN communication might not need to be through AMF in most of LPP signaling. Then NAS stack might not need.

	Ericsson
	Option 1/x
	RRC message such as Reconfiguration message can be extended to be used for Positioning purpose.
We would like to avoid any duplication of procedure or protocol. Option 2 container based is in some sense duplication and adding complexity without any obvious gains.

	Nokia
	Option 2
	From RAN2 specification effort and implementation impacts point of view, we prefer Option 2. With Option 1, as already mentioned in the pros/cons table above, the UE needs to support both LPP and RRC based positioning procedures. Also, the LMF and NG-RAN will redundantly implement positioning procedures under two different protocols.

	MediaTek
	Option 2
	We agree with the analysis in the table and the impact of option 2, in terms of specification effort and implementation, is clearly more manageable.

	Polaris Wireless
	Option 1
	Keeping in mind that we don’t view location management functionality within the NG-RAN as a generic location service, we believe there is no justification for replicating the “general purpose” and therefore very powerful and feature rich location protocol LPP. We believe RRC can be extended where needed to fully address the requirements of a “local” LMF.

	ITRI
	Option 2
	We see option 2 as the best fit, it will not add complexity or overhead for RRC.

	Huawei, HiSilicon
	Option2
	Option2 gets the  work done with less impacts to the spec.

	Intel 
	Option 2
	Option 2 has less specification impact, and can reduce implementation efforts. 



12 companies support option 2, i.e. reuse the existing LPP messages and contain LPP PDU in the RRC message as transparent container;
2 company prefer option 1, i.e. extend/introduce new RRC message with explicit IEs ( container but contains the LPP IEs  defined in LPP specification as LTE MDT) to support corresponding positioning procedures instead of existing LPP messages;
1 company has no strong opinion.
Based on majority view, Rapporteur would suggest:
Proposal 5: For location management functionality in NG-RAN, reuse the existing LPP messages and contain LPP PDU in the RRC message as transparent container.  

Question 6: Pls indicate if any other aspects need to be discussed for location server functions in RAN.
	Company
	aspects
	Remark

	CATT
	NRPPa
	For measurements based on UL signals, the location management functions may collect measurements results from multiple nodes. This case, NRPPa may be involved. This can be discussed in RAN3.

	ZTE
	NRPPa
	The information exchange between LLMF and NG RAN may possibly change.

	Qualcomm
	Signalling between gNBs
	Location procedures between gNBs can be used to obtain location measurements at a serving gNB from neighbour gNBs. Xn location procedures can also be used to coordinate changes in DL PRS broadcast and changes in broadcast of location assistance data. 
New messages to support positioning could be added directly into XnAP or could be included in a new location specific protocol which is transported using XnAP (e.g., a NRPPb).
The overall NG-RAN architecture, and associated reference points and protocols, to support an LLMF will need to be defined (e.g. in 38.305), including whether an LLMF is always part of a serving gNB or ng-eNB or can be (or must be) physically separate. (We actually support allowing both alternatives.)

	Ericsson
	Complexity added Vs gain and alternate ways
	RAN2 should evaluate the pros and cons of having location server and the complexity that it adds vs the latency gains that it provides. Without this study, RAN2 should not jump into the conclusion of supporting server functionality. With LCS functionality also, we believe the latency requirement could be fulfilled as the interface delay is not significant as compared to delay in the Positioning procedure itself (in UE to perform RSTD and in LS to compute the Position). The added interface delay has to be studied as how much it is actually contributing to the delay.
Further, If RAN is LCS client, the needed NRPPa interface would anyway be designed by RAN3.

	Nokia
	Assistance data handling
	We need to investigate more how assistance data is to be handled for each positioning method and whether any coordination is needed between NG-RAN nodes or between NG-RAN and LMF or if it can all still be handled by LMF network element as an asynchronous procedure to location determination in NG-RAN.

	MediaTek
	MO-LR and NRPPa
	MO-LR is not mentioned in the RAN SID, but SA2 identified it for support in the requirements in TR 23.731 and the solutions they discussed consider it.  Support of MO-LR would have some interaction with the location function in RAN, since the procedure would start between the UE and AMF and then continue with the NG-RAN node instead of an LMF in the core.  It would be good to clarify if MO-LR is intended for support in the normative phase.
We also agree with the observations above about NRPPa and procedures between gNBs.  Another approach to supporting the needed positioning operations between NG-RAN nodes would be to transport NRPPa over Xn.

	Polaris Wireless
	
	Agree with Ericsson.



Based on company’s inputs, most companies think the details on location management functionality in NG-RAN should be further discussed, e.g. :
1 signalling between gNBs, NRPPa or XnAP? (RAN3)
2 how to handle assistance data, whether any coordination is needed between NG-RAN nodes or between NG-RAN and LMF or if it can all still be handled by LMF network element?
3 other details, e.g. how/whether to support MO-LR, etc;
Proposal 6: For location management functionality in NG-RAN, in WI stage, the details on location management functionality in NG-RAN should be further discussed, e.g. :
1 signalling between gNBs, NRPPa or XnAP? (RAN3)
2 how to handle assistance data, whether any coordination is needed between NG-RAN nodes or between NG-RAN and LMF or if it can all still be handled by LMF network element?  
3 other details, e.g. how/whether to support MO-LR, etc;

2 companies would like to see the evaluation on the pros and cons of having location server and the complexity that it adds vs the latency gains that it provides first. However based on company’s inputs on question 2, Rapporteur would suggest to go for majority’s view. 
Procedures on RAN obtaining UE location
At RAN2#104, RAN2 agreed that:
=>	Respond to SA2 that there are use cases where it is useful for the RAN to have the location information about the UE. RAN2 still needs to study if there are use case for the RAN to act as an. Other details of the LS can be discussed offline.
Based on offline discussion, as summarized in [6], there are 3 options on the table to let RAN get UE location:
Option 1: currently in LTE MDT, the RAN can get the UE location from RRC directly, i.e. the UE will report UE location together with MDT results; 
· There is ongoing WI on big data and likely the UE location reporting will be introduced together with MDT data in RRC;
Option 2: as discussed in SA2/RAN2 (question 2 above), NG-RAN node may be enhanced with the support of location management functionality (if it is agreed in RAN2). 
Option 3: RAN as LCS client (solution 11 in [5])

[bookmark: OLE_LINK1517][bookmark: OLE_LINK1518]Question 7a: do companies see the use case to support RAN as LCS client if MDT like solution or  location management functionality in RAN is supported (if RAN2 agree the question 2 above)?
	Company
	Yes/no
	Remark

	CMCC
	Yes
	[bookmark: OLE_LINK1519][bookmark: OLE_LINK1520]Combining the solutions together is beneficial for flexible and efficient location.  

	CATT
	Yes
	Agree with CMCC. RAN node can get UE location with low positioning latency if LMF is in RAN node.

	ZTE
	Yes
	But security and privacy problem need to be carefully considered

	Vivo
	Yes
	[bookmark: OLE_LINK1696][bookmark: OLE_LINK1697]Yes, combining potential positioning mechanism seems to have better performance for latency sensitive use cases, i.e. to support RAN as LCS client as well as LMF in RAN. We see few use cases regarding the condition that MDT and LCS in RAN both are supported, as LCS client can trigger the LCS service at any time, similar to MDT mechanism.

	Qualcomm
	Conditional
	 We think one or more of the answers above actually mean “no” as the remarks are supporting an LMF in the RAN. RAN as an LCS client probably means higher latency and does not benefit from RAN LMF capability. But, as commented earlier, we are not against RAN as an LCS client if suitable user cases can be demonstrated. 

	OPPO
	No
	We do not think MDT like solution as UE-based positioning method can be seen substitute as LCS client which is not limited to UE-based positioning method. Yet not sure whether LCS client is needed if LM is already supported in RAN, unless use cases are identified as mentioned by QC.

	Samsung
	Yes
	As MDT like solution has relatively little latency, and direct access the location information from UE is possible, so it is thought to have similar merit for most of location service cases.

	Ericsson
	Yes for RAN as LCS client 
	Option 3 RAN as LCS should be supported. There are many use cases where it could be beneficial for gNB to be location aware. It may be that not all use cases are directly visible on the Uu interface but more for SON/O&M purposes; in some sense this could also be viewed as why RAN being LCS client has no RAN2 related impacts.
The assumption is that location from MDT is optional and even if that is supported, it may not be always available. Also, LMF in RAN would be optional and further, at many occasions only a separate LMF would be able to determine location.


	Nokia
	No
	I consider the RRC support for location reporting for MDT as introducing a minimal set of LM functionality in RAN already. It is a subset of the concept of bringing the LM functionality to NG-RAN. So, I see only two options here: option 2 or option 3. Option 3 invokes the LMF-based location service and so has more delay than Option 2 as we explained in our answer to Question 2. NG-RAN must get the high accuracy location information with lowest delay that is possible.
We prefer to avoid having both solutions (“LM functionality in NG-RAN” and “NG-RAN as LCS client”) to reduce the overall complexity (less specification efforts, less implementation and test efforts).

	MediaTek
	Yes
	If an MDT-like solution is specified, it would still not enable the RAN node to get the UE location when the UE itself does not have it.  If the only entity that needs the UE location is the RAN node, it should be able to request it (and obtaining the position need not involve the UE—it could be done by uplink methods).
Regarding the location management functionality in RAN, we assume not every NG-RAN node will necessarily have such functionality, so we need to consider the case that a RAN node without a location management function needs the UE location.  It could also be considered (depending on what the ultimate use case is) that the NG-RAN node wants to obtain a UE position with characteristics better suited to a centralised LMF in the core network, e.g. using a positioning method not supported by the “local LMF”.

	Polaris Wireless
	Yes
	We believe there are use cases where the NG-RAN needs to be “location aware” of the UEs it serves. As we pointed out above, we do not view this as a justification for location management functionality within the NG-RAN itself. So the natural approach would be to use the existing location management functionality in the 5GCN and allow the NG-RAN to invoke this functionality by acting as an LCS Client.

	ITRI
	Yes
	Combine both solutions (Option1 and Option 2) will enhance the efficiency and could provide a lower latency. 

	Huawei, HiSilicon
	No
	Based on the current discussion, there are no clear use cases found that making RAN an LCS client will provide clear benefits. The need for LCS client depends on the suitable use cases. If there is no use case,  RAN may have the positioning result, but it is useless for RAN to know it. 
We either do not think local LMF in RAN means RAN can get LMF service for free. Even if local LMF supported, it may not be a mandatory feature for the gNB. Then if a gNB does not have local LMF, for RAN as LCS client, it still needs to request the LMF in core network for location services or Local LMF in another gNB. Then, a lot of issues remain that how we can implement the previous functionalities in the UDM/GMLC with the N2/Xn interface. 

	Intel
	No
	LM functionality in NG-RAN already can provide the means to RAN to get UE location with lowest latency than LCS client in RAN. We still would like to understand the use cases why LCS client in RAN should be supported if the RAN node already support LMF.


9 companies replied “yes”, but as mentioned by Qualcomm “one or more of the answers above actually mean “no” as the remarks are supporting an LMF in the RAN. RAN as an LCS client probably means higher latency and does not benefit from RAN LMF capability.”.
5 companies would like to understand the use cases. 1 company would like to avoid duplicated solution.  
Rapporteur would suggest to continue the discussion in RAN2.
Proposal 7: For NG-RAN as LCS client, further discussions are needed on whether there are use cases for NG-RAN as LCS client if the RAN node already support LMF; 

[bookmark: OLE_LINK1529][bookmark: OLE_LINK1530][bookmark: OLE_LINK1528][bookmark: OLE_LINK1523][bookmark: OLE_LINK1524][bookmark: OLE_LINK1521][bookmark: OLE_LINK1522][bookmark: OLE_LINK1525][bookmark: OLE_LINK1526][bookmark: OLE_LINK1527]Question 7b: do companies see the use case to support RAN as LCS client if MDT like solution or  location management functionality in RAN is not supported (if RAN2 do not agree the question 2 above)?
	Company
	Yes/no
	Remark

	CMCC
	Yes
	But we think making the NG-RAN have the LM functionality is more effective.

	CATT
	Yes
	But not sure if there is something to specify. If NG-RAN has the LM functionality, there is no standard requirement. If NG-RAN has no LM functionality, this can be left to deployment and implementation that RAN node can works as the third party LCS-client if it supports corresponding protocols. But it is obvious that the latter case is not effective.

	Vivo
	Yes
	It can work as well but maybe not so efficient.  Providing LCS Service to RAN benefits use cases such as “QoS verification” and “Coverage optimization”, if MDT like solution is not supported.

	Qualcomm
	Conditional
	As indicated in our response to Q1, the use cases for “NG RAN being the LCS client” should be documented (e.g., described in the TR). Once there is an agreement on the use cases, RAN2 could study/discuss how they can be realized.

	OPPO
	Yes
	

	Samsung 
	Yes
	Regardless of the support of location management functionality in RAN, there could be the use cases for RAN as LCS client. But seems there could be restriction regarding the latency.

	Ericsson
	Yes RAN as LCS client
	There are many use cases where it is beneficial for RAN to be location aware. If location of UE is known or location related statistics are known (indoor/outdoor classification); these inputs can help the beam former in projection of wide or narrow or number of beams required. References can be seen below
[bookmark: _Ref174151459][bookmark: _Ref189809556]A Tutorial on Beam Management for 3GPP NR at mmWave Frequencies, IEEE, April 5, 2018
Beamforming Gain Measured on a 5G Test-Bed, VTC, 4-7 June 2017

Other use case would be For SON and for Mobility decisions in delay tolerant CAT-M and NB-IoT applications and use cases.



	Nokia
	
	The way we view this is, if “LM functionality in NG-RAN” cannot be supported for any reasons then we may have to support “NG-RAN as LCS client” to cater to use cases where it is useful for the RAN to have the location information about the UE (RAN2 had already agreed about the usefulness of RAN knowing the UE location). However, we need to resolve the open issues that we mentioned in our answer to Question 2 first before we can decide on this.
We prefer to avoid having both solutions (“LM functionality in NG-RAN” and “NG-RAN as LCS client”) to reduce the overall complexity (less specification efforts, less implementation and test efforts).

	MediaTek
	Yes
	In this case, functioning as an LCS client seems like the only reasonable way for the RAN node to obtain the UE position.  We understand that the main use cases would be for SON.

	Polaris Wireless
	Yes
	In the absence of an MDT like solution, allowing the NG-RAN to act as an LCS Client appears like the only solution to make the NG-RAN location “aware”.

	ITRI
	Yes
	

	Huawei, HiSilicon
	No
	Same as above. suitable use cases need to be identified.

	Intel 
	
	We also consider LMF in RAN is more effective way than NG-RAN as LCS client, and also would like to avoid duplicated solution as much as possible. 



9 companies think NG-RAN as LCS client is needed, but 5 companies think NG-RAN as LCS client only is not effective compared with LMF in RAN. 2 companies think use cases are not clear.
Observation 1: NG-RAN as LCS client only is not effective compared with LMF in RAN, e.g. on latency. 

Based on the descriptions of solution 11 in [5], regarding RAN as LCS client:
1 It is only for Connected mode UE;
[bookmark: OLE_LINK1533][bookmark: OLE_LINK1534][bookmark: OLE_LINK1535]2 it is only supported if RAN cannot support LM functions;
3 NGAP protocol need to be extended with a new procedure consisting of two messages with proposed naming "RAN Initiated Location Request" and "RAN Initiated Location Response" respectively. This change impact both RAN and AMF, but no UE impact.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]4 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.

If answer of question 7 is yes, do companies agree above 4 assumptions?
Question 8: do companies agree above 4 assumptions if RAN as LCS client is supported? 
	Company
	Yes/no
	Remark

	CMCC
	Yes
	

	CATT
	No?
	Even RAN as LCS client is supported, it may work as the third party LCS-Client which can leave to implementation and deployment.
But if we want to optimize the procedure and reduce the latency, above assumptions are feasible.

	ZTE
	NO
	We don’t think the NG-RAN are always allowed to get the target UE’s location by most countries’ government, maybe most of the time it can only know the RNTI.Privacy verification and LCS authorization may be necessary.

	vivo
	No
	First, we are a bit confused with bullet 2. As question 7 above, if the answer is yes, then we may think Local LMF and LCS client in RAN can be supported at the same time. In solution11, it only states that in step2” If NG-RAN doesn't support LM functionality, it sends a RAN Initiated Location Request message to the AMF…” we do not think it excludes the possibility for the support of both mechanism. If both supported, then the steps in the procedure flow chart could be saved.
Beside, we have some concerns as ZTE, what does it actually mean by indicating “NW is always authorized to use the LCS service…” without UE consent? But if SA already think it is acceptable, we are fine for bullet 4.

	Qualcomm
	Conditional
	The above 4 assumptions seem reasonable. But as commented already, we still need actual user cases to justify this capability.

	OPPO
	NO
	Our concern is on bullet 4, i.e., the privacy issue as commented by ZTE.

	Samsung 
	No 
	Agree with vivo. 

	Ericsson
	
	Assumption 4 should be discussed in SA3/SA2.
Assumption 2 is not entirely true; if something can be achieved in an easy way why go for complicating things.

	Nokia
	No
	Some assumptions are correct while some assumptions are not accurate. Assumption 1 is OK. Assumption 2 is not correct as one could still have “NG-RAN as LCS client” even if “LM functionality in NG-RAN” is supported but this option is too complex. Assumption 3 is OK as that is what is mentioned in solution 11 in 23.731. As to assumption 4, I am not sure why it is dependent on which solution is used if NG-RAN is the consumer of location information. This need to be confirmed with SA2/SA3 and we also must look in to requirements of specific commercial use cases.

	MediaTek
	Yes to 1 and 3, no to 2, comment on 4
	As noted in our answer to question 6 above, we think there could be valid use cases for NG-RAN node as LCS client even when the “local LMF” functionality is supported.  Anyway we don’t think that this dependency needs to be specified.
Regarding bullet 4, we find it a little strange if the NG-RAN node is not allowed to determine the UE location (it intrinsically has coarse location information and sometimes more, e.g. from beam tracking, so it seems pointless to say “the gNB shall pretend not to know the UE’s location”), but if there are regulatory issues in some countries then they have to be considered.  This does not seem like something RAN2 can resolve alone; input from SA2 and perhaps SA3 would be needed.

	Polaris Wireless
	No
	We don’t agree with assumption 2. 

	ITRI 
	No 
	Assumption 2 is not acceptable 

	Huawei, HiSilicon
	No
	We would like to analyze each assumption one-by-one
1. It is open to a lot of interpretations. If a UE is in IDLE mode and the NSA service request trigger the UE to CONNECTED mode for positioning, does it mean RAN as LCS client is only open to CONNECTED UE?
[Rapporteur] Yes, we call it as only for CONNECTED UE. 
2. Same as the discussion above. RAN as LCS client and local LMF are separate issues. 
3. N2 interface is the only interface between the RAN and AMF. If RAN as LCS client is supported, then it is reasonable to extend the NG-AP protocol. 
4. This is already in the SA2 spec. NG-RAN is considered as a core network function if it is agreed that RAN can be an LCS client. UE can have its privacy setting that whether or not its location is accessible to the core network functions. Therefore according to the SA2 consensus, there is no need for verification. 

	Intel 
	
	Agree with company’s comments, security and privacy issue should be clarified in SA2 and SA3. 



Based on company’s comments, the main concerns on above assumptions are:
1 NG-RAN as LCS client and LM functionality in RAN may be supported simultaneously, it is network implementation issue;
2 SA2/SA3 should confirm the security and privacy issue, i.e. whether “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.”
Proposal 8: If the support of NG-RAN as LCS client is agreed in RAN2, it is only used for CONNECTED UE, and further clarification is needed from SA2 and SA3 on security and privacy, i.e.  whether “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.”;

Question 9: Pls indicate if any other aspects need to be discussed for RAN as LCS client.
	Company
	aspects
	Remark

	Qualcomm
	Use Case
	RAN2 should have a clear/better understanding of the use cases before deciding on solutions. Although, RAN2 agreed that there “are use cases”, they have not sufficiently been described/documented to e.g., decide on solutions.

	Ericsson
	No RAN2 impacts
	As such RAN being LCS client has no RAN2 impacts, mainly RAN3 impacts.

	Nokia
	Deployment scenarios
	We need to discuss whether there is a clear separation in the deployment of LMF-based UE positioning (current approach in Rel-15 and earlier releases) and NG-RAN based UE positioning (i.e. LM functionality in NG-RAN) or if they can be used simultaneously in the same network. Example: NG-RAN based UE positioning deployed for factories or private LTE networks with commercial use cases only. If used separately, will we standardize what use cases are allowed to use the NG-RAN based UE positioning? Is the LMF or NG-RAN selection function in AMF supposed to address this issue?
[Rapp] Based on the description in 23.731, looks like the mix deployment scenario is allowed, and LMF selection in AMF is used for this purpose.

	Huawei, HiSilicon
	No RAN2 impacts
	Same understanding as E//. Although we can discuss the issue from the perspective of RAN architecture/stage-2, there is no RAN 2 impact on this and the final decision should be given to RAN3. 



Based on company’s inputs, Rapporteur tends to agree that RAN as LCS client has no RAN2 impact, and mainly impact RAN3. 
Observation 2: NG-RAN as LCS client has no RAN2 impact, and mainly impact RAN3;


Email discussion report
[bookmark: _Toc494187378]Proposal 1: RAN2 to make decision on  whether RAN can act as internal LCS client, and/or whether support location management functionality in NG-RAN, and inform our decision to SA2 and RAN3.  
Proposal 2: RAN2 agree to support location management functionality in NG-RAN, the details are FFS.  
Proposal 3: For location management functionality in NG-RAN, RAN2 leave the decision on which solution should be used (solution 26 or 28 in 23.731) to RAN3/SA2.  
Proposal 4: For location management functionality in NG-RAN, the changes on N2 interface should be decided in RAN3 and SA2.  
Proposal 5: For location management functionality in NG-RAN, reuse the existing LPP messages and contain LPP PDU in the RRC message as transparent container.  
Proposal 6: For location management functionality in NG-RAN, in WI stage, the details on location management functionality in NG-RAN should be further discussed, e.g. :
1 signalling between gNBs, NRPPa or XnAP? (RAN3)
2 how to handle assistance data, whether any coordination is needed between NG-RAN nodes or between NG-RAN and LMF or if it can all still be handled by LMF network element?  
3 other details, e.g. how/whether to support MO-LR, etc;
Proposal 7: For NG-RAN as LCS client, further discussions are needed on whether there are use cases for NG-RAN as LCS client if the RAN node already support LMF; 
Observation 1: NG-RAN as LCS client only is not effective compared with LMF in RAN, e.g. on latency. 
Proposal 8: If the support of NG-RAN as LCS client is agreed in RAN2, it is only used for CONNECTED UE, and further clarification is needed from SA2 and SA3 on security and privacy, i.e.  whether “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.”;
[bookmark: _GoBack]Observation 2: NG-RAN as LCS client has no RAN2 impact, and mainly impact RAN3;
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Annex (solution 15, 23, 26 , 28 and 11 from TR23.731)


[bookmark: _Toc531784364]6.15	Solution 15: Enhancement to LCS architecture
[bookmark: _Toc531784365]6.15.1	Introduction
This solution addresses the modified Key Issue 1 "Enhancement to LCS architecture" and proposes LMF architecture split by including Location Management (LM) capabilities in the NG-RAN and the UE. Further, the impact to the 5GC, particularly LMF, are discussed. The solution also applies to Key Issue#3 "support of low latency LCS" and Key Issue#8 "Support of IoT UEs".
[bookmark: _Toc531784366]6.15.2	Functional Description
The solution proposal includes LM capabilities assigned to the NG-RAN and UE, referred as RAN-LMC (Location Management Component) and UE-LMC respectively, as shown in Figure 6.15.2-1. Legacy LCS functions from TS 23.271 [6] as well as enhanced LCS functions based on new positioning requirements and methods may be mapped to these roles.
NOTE 1:	The bullets of roles in NG-RAN and UE listed in this clause are subject to further work from RAN WGs.


Figure 6.15.2-1: Enhanced LCS architecture with local LMF
The RAN-LMC and UE-LMC perform partial location management role in the RAN and UE respectively and implement a subset of the functionalities of the LMF in the 5GC, as well as new functionalities arising out of performing location management at the RAN/UE levels.
The RAN-LMC and UE-LMC perform the following roles in the enhanced LCS architecture:
-	Location measurement collection: collect location-related measurements for the Uu interface.
-	Position calculation: compute absolute/relative positions based on collected location measurements.
-	Location information report: report calculated positions to requesting entities over the Uu interface.
-	Cooperation among peers: share location measurements, position-related information, load balancing, etc. among peer LMCs.
-	Positioning performance monitoring: monitor and predict positioning performance.
-	Communication to CN: Communicate with LMF, AMF and other 5GC LCS functions.
NOTE 2:	Details of some LCS functionalities and new positioning methods should be studied in RAN WGs.
The LMF in 5GC should perform additional procedures in order to enable the RAN-LMC and UE-LMC to function in the enhanced LCS architecture:
-	Capability verification: Verify the positioning capabilities of RAN- or UE-LMCs.
-	Authorization: authorize RAN- or UE-LMCs to operate in the network.
-	Location group management: Manage grouping of RAN- or UE-LMCs for cooperation in order to meet positioning KPIs.
-	Privacy management: Configure privacy rules for information sharing between and within groups of RAN- or UE LMCs.
-	Location performance control: location performance management to control and guarantee overall positioning performance.
-	Subscriber management: Billing and charging for RAN- or UE-LMCs.
-	Location service management: allow for different and new types of location services to be provided by the RAN- or UE LMCs.
[bookmark: _Toc531784367]6.15.3	Procedures
[bookmark: _Toc531784368]6.15.3.1	RAN-LMC registration
Figure 6.15.3-1 shows a procedure which may be used by a RAN to register its LMC to LMF or by the LMF to activate a RAN-LMC in order to offload LCS traffic. This procedure is not associated with a UE location session. It is used to grant the use of a RAN-LMC at the LMF in 5GC. The procedure may be based on an NRPPa protocol in TS 38.455 [11] between the LMF and NG-RAN.


Figure 6.15.3-1: Procedure for RAN-LMC registration at LMF
1.	In case that the registration procedure is initiated by a RAN, the RAN includes an LMC registration request in an N2_Transport message.
2.	The AMF selects an LMF and invokes the Namf_Communication_N2InfoNotify service operation towards this LMF to transfer the LMC registration request. The service operation includes the RAN node identity.
3.	The LMF determines if the registration can be granted based on the RAN's capability. In case that the procedure is initiated by the LMF, step 1 and 2 are omitted. Based on certain factors such as the LCS QoS and/or LMF traffic load, the LMF determines if an LMC in RAN should be granted.
4.	The LMF invokes the Namf_Communication_N2MessageTransfer service operation towards the AMF to request the transfer of an LMC registration grant to a RAN node. The service operation includes the RAN node identity.
5.	The AMF forwards the LMC registration grant to the RAN node indicated in step 4 in an N2 Transport message. The AMF includes a Routing identifier, in the N2 Transport message, identifying the LMF as the manager of the RAN-LMC.
NOTE:	Coordination procedures between UE and RAN-LMC should be studied within RAN scope.
Alternatively, RAN-LMC registration may be handled by AMF. The procedure is adjusted as it is shown in Figure 6.15.3-2. This procedure may be combined with NG setup or RAN configuration update procedure over NG-AP in TS 38.413 [26]. The AMF informs the LMF about the LMC registration using AMF service message.
[image: ]
Figure 6.15.3-2: Procedure of RAN-LMC registration at AMF
[bookmark: _Toc531784369]6.15.3.2	LMC performance control
The LMF monitors the performance of the registered RAN-LMC by receiving LMC performance report. The LMC performance report may be provided in an on-demand or periodic manner. Figure 6.15.3-3 shows the procedure for on-demand performance report. The performance reports may consist LCS QoS information and LCS load at RAN-LMC. The LMF makes further decision, such as deactivation or activation/usage of new RAN-LMCs, based on the performance report obtained. This procedure is not associated with a UE location session and based on an NRPPa protocol between the LMF and NG-RAN.


Figure 6.15.3-3: Procedure for RAN-LMC performance control at LMF
1.	The LMF invokes the Namf_Communication_N2MessageTransfer service operation towards the AMF to request the LMC performance report to a RAN node. The service operation includes the RAN node identity.
2.	The AMF forwards the LMC performance report request to the RAN node indicated in step 1 in an N2 Transport message.
NOTE:	Step 1-2 are optional and used only in case of LMF is requesting a LMC performance report(e.g., triggered by resource demanding/low latency location service request).
3.	The RAN-LMC obtains the performance report requested in step 2.
4.	The RAN node returns the performance report obtained in step 3 to the AMF in an N2 Transport message. The RAN node shall also include the Routing identifier of the manager LMF received at registration.
5.	The AMF invokes the Namf_Communication_N2InfoNotify service operation towards the LMF indicated by the routing identifier received in step 4. The service operation includes the LMC performance report received in step 4.
Alternatively, RAN-LMC performance control may be handled by AMF. This procedure may be combined with the RAN configuration update procedure over NG-AP in TS 38.413 [26] as it is shown in Figure 6.15.3-4. AMF may request performance report from LMC (e.g., triggered by resource demanding/low latency location service request), and determines whether a new LMC needs to be activated/deactivated/used, the required configuration of RAN-LMCs, based on the performance report (e.g., LCS QoS information and LCS load) obtained. The AMF may provide the performance report to LMF using AMF service message.
[image: ]
Figure 6.15.3-4: Procedure for RAN-LMC performance control at AMF
In some circumstance, LMC registration and LMC performance control procedures can be combined. For instance, the LMC registration message may include also the LMC performance report information. Whenever the LMC performance changes, new LMC registration is performed. In the case of high dynamics on LCS load, RAN-LMC needs to send more frequent performance report. It is therefore unnecessary to verify capability of RAN-LMC upon reception of every performance report. Meanwhile, LMF/AMF may request LMC performance report only when needed to reduce the signalling overhead. In such cases, two independent procedures would be necessary.
[bookmark: _Toc531784370]6.15.4	Impacts on existing entities and interfaces
The enhanced LCS architecture requires LMC management functionalities implemented at LMF, such as LMC registration, capability verification and performance control. For the interactions between RAN-LMC and LMF, NRPPa protocol over N2 interface can be reused.
In case the LMC management functionalities is implemented at AMF, the interactions between RAN-LMC and AMF may be based on new NGAP elementary procedures supporting LMC management, or be combined with the existing NG setup and/or RAN configuration update procedures.For both options, NG-RAN supports the functionality of LMC.
[bookmark: _Toc531784371]6.15.5	Evaluation
This solution proposes to distribute location management capability in RAN/UE, allowing for more flexible resource usage. When sufficient measurements and assistance information can be obtained within RAN, position calculation may be carried out at LMC in RAN. This avoids the signalling overhead from sending measurements to the centralized LMF in 5GC. For use cases with stringent latency requirements, a LMF may authorize LMC close to UE in order to reduce the delay caused by communication to the LMF in CN.
The proposal also provides necessary procedures to include LMC management functionalities at either LMF or AMF. The pros and cons of the two options are summarized in Table 6.15-1.
Table 6.15-1
	
	Pros
	Cons

	LMC management at LMF
	Clean design: all LCS related functionalities are implemented at LMF.
Allow for different location management architecture (e.g., hierarchical).
	Longer communication path to LMC --> higher latency.

	LMC management at AMF
	Shorter communication path to LMC --> lower latency.

	Complex functionality split between AMF and LMF. Synchronization of LMC management needed between AMF and LMF.
Increased complexity at AMF.



[bookmark: _Toc531784429]6.23	Solution #23: Unified NEF Location Service Exposure
[bookmark: _Toc531784430]6.23.1	Introduction
The Unified NEF Location Service Exposure solution addresses the following key issue:
	Key Issue 7: Location service exposure
The solution enables the NEF to provide a unified exposure of different location services offered by 5GS to a consumer NF or AF. These location services include the GMLC (and LMF) based location solution and the AMF Event Exposure service based location solution. This unified exposure will enable a PLMN operator to offer location services to NFs and AFs using either one of these solutions or both solutions without impacting the SBI or API used by an NF or AF to access the NEF. In addition, by supporting a single unified SBI and API at an NEF, an optimal choice of solutions can be supported by the NEF (e.g. dependent on location accuracy and response time requirements) without impacting an AF or NF.
GMLC based solution means any of the solutions described in this TR in which a GMLC is used. The AMF based location solution is the solution that makes use of AMF event exposure service as specified in TS 23.502 [5] and described in clause 6.23.3.1, or the enhanced procedure described in clause 6.23.3.3.
[bookmark: _Toc531784431]6.23.2	Functional Description
The service based architectures for roaming and non-roaming UEs are shown below.


Figure 6.23.2-1: Non-roaming reference architecture for unified NEF location exposure


Figure 6.23.2-2: Roaming reference architecture for unified NEF location exposure
[bookmark: _Toc531784432]6.23.3	Procedures
[bookmark: _Toc531784433]6.23.3.1	Unified Location Service Exposure Procedure
Figure 6.23.3.1-1 shows a unified location service exposure procedure provided by an NEF in an HPLMN for a target UE to a consumer NF in the HPLMN or to a consumer AF outside the HPLMN. The target UE can be roaming or non-roaming. The NEF service operations and APIs referenced in Figure 6.23.3.1-1 can be new and could use different names to those shown below for Figure 6.23.3.1-1.
Mobility aspect is handled with existing procedures as defined in TS 23.501 [4] and TS 23.502 [5].


Figure 6.23.3.1-1: Unified Location Service Exposure Procedure for a roaming or non-roaming UE
1a.	An external AF sends an LCS Service Request to an NEF in the HPLMN for a target UE using an NEF API and includes an identification of the UE (e.g. SUPI or GPSI) and details of the location request such as whether a current or last know location is requested, the location accuracy and response time, and LDR request information.
1b.	As an alternative to step 1a, a consumer NF in the HPLMN for a target UE invokes an Nnef_ProvideLocation Request service operation towards an NEF in the HPLMN and includes a global identification of the UE (e.g. SUPI or GPSI) and details of the location request as in step 1a.
2.	Based on the service requirements in step 1a or step 1b (e.g. location accuracy, location response time and whether triggered or periodic location is requested) and/or on HPLMN support for GMLC versus AMF based location service, the NEF determines whether to map the location request in step 1a or step 1b to a GMLC based location service or to an AMF based location service. When a GMLC based location service is determined, steps 3-6 are performed and steps 7-14 are omitted. When an AMF based location service is determined, steps 7-14 are performed and steps 3-6 are omitted. NEF takes the potential load to the system, e.g. AMF/UDM load, or GMLC load, into consideration when deciding which location service to use, or whether to reject the request from NF or AF.
3.	When a GMLC based location service is determined in step 2, the NEF invokes an Ngmlc_ProvideLocation Request service operation towards an HGMLC in the HPLMN. The service operation may include all of the information received from the AF or NF in step 1a or 1b.
4.	The HGMLC may first verify UE privacy requirements. If these are satisfied, the HGMLC then obtains one or more locations for the target UE as requested in step 3. The details of how this is done depend on the location solution used by the HGMLC which can employ any of the solutions described in this TR in which a GMLC is used.
5.	The HGMLC invokes an Ngmlc_ProvideLocation Response service operation towards the NEF to confirm the request in step 3 or to return the UE location. Which of these is used depends on the location request in step 3. For example, when a one-time current or last known location was requested in step 3, the HGMLC would return the current or last known location in step 5. When step 3 carries a deferred, periodic or triggered location request, step 5 may just return a confirmation of the request.
6.	Optionally, if a deferred, periodic or triggered location request was sent in step 3, the HGMLC may invoke one or more Ngmlc_LocationEvent Notify service operations towards the NEF, each carrying a notification of some event and possibly a UE location.
7.	When an AMF based location service is determined in step 2, if the NEF needs to verify the target UE privacy requirements (e.g. for a location request from a consumer AF in step 1a), the NEF invokes an Nudm_UEContextManagement_Get Request service operation towards the UDM for the target UE to request the UE privacy requirements and the serving AMF address. Example of the AMF based location solution is that of the AMF event exposure based operation as described below, or the enhanced procedure described in clause 6.23.3.3.
8.	When step 7 was performed, the UDM invokes the Nudm_UEContextManagement_Get Response service operation towards the NEF to return the serving AMF address and UE privacy requirements. The NEF then verifies UE privacy.
	NOTE:	The AMF based location service does not support a real time query to the UE to verify UE privacy requirement by the user.
Editor's note:	The assumption in the above note would need to be verified. For example, UE privacy verification by an AMF could be added but would be an extra impact.
9.	The NEF invokes an Namf_EventExposure Subscribe service operation towards the serving AMF for the target UE and indicates whether a one-time UE location is requested or multiple UE locations for some triggering event and includes information on location accuracy (e.g. cell ID or TA granularity or higher accuracy). The NEF sends the Namf_EventExposure Subscribe service operation directly to the serving AMF as shown in Figure 6.23.3.1-1 when the NEF knows the AMF address (e.g. if steps 7 and 8 are performed). Otherwise, the NEF sends the Namf_EventExposure Subscribe service operation to the serving AMF via a UDM as described below for Figure 6.23.3.2-1.
10.	The AMF acknowledges the request in step 9 either directly as shown in Figure 6.23.3.1-1 or via the UDM as shown in Figure 6.23.3.2-1.
11.	If the UE is currently reachable and in CM-IDLE state and if location is requested in step 9 with a cell ID accuracy or higher, the AMF perform a network triggered service request as described in TS 23.502 [5] to place the UE in CM-CONNECTED state.
12.	If the AMF already has the current UE serving cell ID (e.g. following step 11) and the request in step 9 is for a one-time UE location with cell ID (or lower) accuracy and the AMF is able to convert the current serving cell ID into a geodetic location estimate, the AMF obtains the location estimate and proceeds to step 13. Otherwise, the AMF may perform the NG-RAN location reporting procedure defined in clause 4.10 of TS 23.502 [5] to obtain the current or last known UE location from the NG-RAN with a granularity of a cell ID or tracking area. Alternatively (e.g. if higher location accuracy is requested in step 9), the AMF may perform the enhanced NG-RAN location reporting procedure described in Figure 6.23.3.3-1 to obtain a UE location with higher accuracy. For either procedure, the AMF may request additional location reports from the NG-RAN if requested in step 9 for certain trigger events such as a change of cell ID or TA for a UE or entry into or out of an area of interest.
13.	The AMF invokes the Namf_EventExposure Notify service operation towards the NEF to provide the current or last known UE location as obtained at step 12. This service operation is valid for both direct access to the AMF by the NEF and indirect access via the UDM.
14.	Optionally, if additional triggered UE locations are requested in step 9, the AMF may invoke one or more Namf_EventExposure Notify service operation towards the NEF to provide additional UE locations when certain trigger events occur (e.g. such as a UE changing serving cell or a serving TA or entering or leaving an area of interest).
15a, 15b.	The NEF returns the first UE location received at step 5 or step 13 or a confirmation of the location request received at step 5 in the case of a GMLC location service to the consumer AF (step 15a) or consumer NF (step 15b). If LCS service request is LDR type, LDR reference ID will be included in response message, and H(V)-LMF may store the LDR request information at H(V)-UDR.
16a, 16b.	Optionally, if one or more additional location reports are received at step 6 or step 14, the NEF returns one or more additional locations to the consumer AF (step 16a) or consumer NF (step 16b).
[bookmark: _Toc531784434]6.23.3.2	Alternative procedure for NEF to use AMF event exposure service via the UDM
Figure 6.23.3.2-1 shows the procedure used by the NEF to access the serving AMF for the UE when the NEF does not have the address of the serving AMF and when AMF location reporting is selected by the NEF.


Figure 6.23.3.2-1: NEF Access to the Serving AMF via the UDM
1.	The NEF invokes an Nudm_EventExposure Subscribe service operation towards the UDM for the target UE for location reporting and indicates whether a one-time UE location is requested or multiple UE locations for some triggering event and includes the UE identity (SUPI or GPSI), information on location accuracy (e.g. cell ID or TA granularity or a higher accuracy). A correlation ID is also included.
2.	The UDM invokes an Namf_EventExposure Subscribe service operation towards the serving AMF for the target UE for location reporting and includes the information received in the service operation for step 1 including the correlation ID and a URL for the NEF.
3.	The AMF acknowledges the request in step 2.
4.	The UDM acknowledges the request in step 1.
5.	The AMF performs a Network Triggered Service Request if needed to place the UE in CM-CONNECTED state.
6.	The AMF obtains the current or last known location of the UE as described for step 12 of Figure 6.23.3.1-1,
7.	The AMF invokes the Namf_EventExposure Notify service operation towards the NEF indicated by the URL received in step 2 and includes the current or last known UE location as obtained at step 6 and the correlation ID received at step 2.
8.	Optionally if additional triggered UE locations are requested in step 2, the AMF may invoke one or more Namf_EventExposure Notify service operations towards the NEF to provide additional UE locations as in step 14 for Figure 6.23.3.1-1.
[bookmark: _Toc531784435]6.23.3.3	Enhanced NG-RAN Location Reporting Procedure
Figure 6.23.3.3-1 shows the procedure used by a serving AMF to obtain a location estimate for the target UE from the NG-RAN with higher location accuracy than that possible using cell ID based location. The procedure could also be used for non-3GPP access from a UE if an N3IWF and AN replace the NG-RAN in Figure 6.23.3.3-1. The procedure is intended to supplement the NG-RAN Location reporting procedures defined in clause 4.10 of TS 23.502 [5] using the same NGAP messages between the AMF and NG-RAN.


Figure 6.23.3.3-1: Enhanced NG-RAN Location Reporting Procedure
Precondition:	The UE is initially in CM_CONNECTED state.
1.	The AMF sends a Location Reporting Control message to the NG-RAN containing the information identifying the UE, a Reporting Type, an optional Location Reporting Level (e.g. indicating an area of interest), a Location QoS and optionally a maximum duration or maximum number of reports for triggered location. The Reporting Type can indicate a one-time location or a series of triggered locations based on criteria such as a change of serving cell, a fixed periodic interval or entry into or exit from an area of interest.
Editor's note:	The supported triggering events may align with those defined in Release 15 or may include additional triggering events such as fixed periodic events or movement of the UE by more than some threshold distance. The triggering events can be defined to align with triggering events used for GMLC based location to enable a unified location service from an NEF.
2.	Depending on the location QoS requested in step 1, the NG-RAN may send a Location Measurement Request to the UE to request location measurements from the UE (e.g. of signals transmitted by the NG-RAN).
3.	If step 2 occurs, the UE obtains and returns the requested location measurements.
4.	Using any location measurements provided at step 3, any recent location measurements previously received from the UE and/or location measurements for the UE obtained by the NG-RAN, the NG-RAN determines the UE location.
Editor's note:	Support of steps 2-4 depends on new procedures and possibly new measurements to be agreed and added by RAN.
5.	The NG-RAN returns the UE location to the AMF in a Location Report message.
6.	If triggered UE locations were requested at step 1, the NG-RAN waits until a trigger event occurs and then proceeds to step 7.
7-10.	The NG-RAN repeats steps 2-5. Steps 6-10 are then repeated until a maximum number of reports or maximum duration is attained or until step 11 occurs.
11.	For triggered location reporting, the AMF may cancel the location reporting in the NG-RAN - e.g. if no maximum duration or maximum number of reports was included at step 1.
[bookmark: _Toc531784436]6.23.4	Impacts on existing entities and interfaces
NG-RAN Impacts
-	Impacts to support more accurate UE location determination for the Enhanced NG-RAN Location Reporting Procedure.
AMF Impacts
-	Impacts to request more accurate UE location for the Enhanced NG-RAN Location Reporting Procedure.
-	Impacts for any changes to the AMF Event Exposure service operation to support additional types of triggered and periodic location reporting and more accurate location reporting.
UDM Impacts
-	Impacts to support additional types of triggered and periodic location reporting and higher location accuracy for the AMF and UDM Event Exposure service operations.
NEF Impacts
-	Impacts to support a new SBI to NFs and new API to AFs to enable a unified request for a UE location including a request for triggered or periodic location.
-	Impacts to support a GMLC Provide Location SBI to request UE location from a GMLC.
-	Impacts to support enhanced AMF and UDM Event Exposure SBIs to enable a request for UE location reporting with higher accuracy and/or additional types of periodic and triggered location.
-	Impacts to query a UDM for UE privacy requirements and a serving AMF address.
-	Impacts to verify UE privacy requirements.
[bookmark: _Toc531784437]6.23.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
[bookmark: _Toc531784450]6.26	Solution 26: Local LCS architecture
[bookmark: _Toc531784451]6.26.1	Introduction
This solution addresses the Key Issue#1 "Enhancement to LCS architecture" and Key Issue#3 "support of low latency LCS", and proposes local LMF architecture in the NG-RAN, additionally, the impact to the 5GC and NG-RAN are discussed.
[bookmark: _Toc531784452]6.26.2	Functional Description
The solution includes Local LMF capabilities in the NG-RAN, as shown in Figure 6.26.2-1.



Figure 6.26.2-1: Local LCS architecture
The NG-RAN which contained local LMF capability includes the following functionalities:
-	Supports location determination for a UE served by the NG RAN contains Local LMF capability.
-	Obtains downlink location measurements or a location estimate from the UE.
-	Obtains uplink location measurements.
-	Obtains non-UE associated assistance data from the neighbour NG RAN(s).
-	Dynamic coordination of positioning resources of the neighbour NG RAN(s).
-	Communication with LMF, AMF and other 5GC LCS function entities.
[bookmark: _Toc531784453]6.26.3	Procedures
[bookmark: _Toc531784454]6.26.3.1	Local LMF registration
The purpose of the Local LMF capability registration procedure is to register the Local LMF to the NRF , as shown in Figure 6.26.3-1.


Figure 6.26.3-1: Procedure for Local LMF registration
1.	The NG-RAN node issues a N2 transport message to the AMF, which may be a NG setup request or RAN congifuration update message, passing the registration related information of the Local LMF, e.g, the Local LMF support indicator or the capability information of the Local LMF, etc.
2.	According to the received registration related information, the AMF may generate and send the Local LMF registration request message towards the NRF, which contains the RAN identity and the capability information of the Local LMF, etc.
Editor's note:	Whether AMF contacts NRF is FFS.
Editor's note:	Whether and how NRF store the Local LMF capability of NG-RAN is FFS.
3.	The NRF determines if the registration can be accepted based on the operator's strategy and stores the above registration related information.
4.	If the registration is accepted, the NRF returns the Local LMF registration ack message to the AMF.
5.	The AMF returns a N2 transport message to the corresponding NG-RAN node, which may be a NG setup response or RAN congifuration update acknowledge message.
[bookmark: _Toc531784455][bookmark: _Hlk527525635]6.26.3.2	AMF based Local LMF selection
The AMF based Local LMF selection procedure is used when a location service is requested and the serving NG-RAN has the Local LMF capability, as shown in Figure 6.26.3-2


Figure 6.26.3-2: Procedure for AMF based Local LMF selection
1.	The AMF receives the location service request Message from the GMLC or UE.
2.	The AMF may invoke the Nnrf_NFDiscovery_Request service operation from the NRF to find a suitable LMF to continue the location request procedure.
3.	The NRF replies with the list of potential LMF(s) and their service capability information. The list contains LLMFs and LMFs. Based on LMF selection factors in clause 6.14.3.0, the AMF may chose to use the LLMF within current serving NG-RAN of the target UE to continue the location request.
4.	The AMF communicates the Location Determine Request to the Local LMF.
5.	The local LMF initiates location operations with the gNB/UE to obtain positioning measurements, the positioning signalling between the Local LMF and the gNB/UE in this solution is to be defined by RAN.
6.	The Local LMF computes the position estimate and returns it to the AMF, via Location Determine Response.
7.	The AMF forwards it to the requesting entity (e.g. UE or GMLC).
If the local LMF related information is stored in the serving AMF, the above step 2 and 3 should be omitted. The AMF can discover a suitable Local LMF serving this UE by itself.
Editors' note:	The details of communication between AMF and Local LMF are FFS and needs to be further studied in cooperation with RAN. E.g. in step 4 and 6, the AMF and LLMF may exchange messages directly or via NG-RAN.
[bookmark: _Toc531784456]6.26.4	Impacts on existing entities and interfaces
The NG-RAN supports positioning capability, e.g, location measurement and location calculation.
[bookmark: _Toc531784457]6.26.5	Evaluation
Since the LMF related capabilities are supported in NG-RAN, the signaling transmission process via 5GC can be avoided, the solution can greatly improve the latency performance of the location service. Especially for the location service with stringent latency requirement, compared with the legacy LCS architecture, this solution can obtain the maximum gain. In addition, through the dynamic coordination of position resources, the solution can further improve the utilization rate of radio resources.
[bookmark: _Toc531784471]6.28	Solution #28: Enhanced NG-RAN to support high accuracy location estimation
[bookmark: _Toc531784472]6.28.1	Introduction
In R15, the NG-RAN node can only provide cell-ID level UE location to the AMF. For higher level accuracy location estimation, the AMF selects a LMF to perform the positioning. However, even if LMF is deployed close to the NG-RAN, the latency introduced due to the interaction with AMF for the positioning still can't be avoided.
A solution needs to be developed to achieve low latency and high accuracy location estimation.
This solution applies to:
-	Key Issue 1: Enhancement to LCS Architecture
-	Key Issue 3: Support of low latency and high performance LCS
-	Key Issue 7: Location service exposure
[bookmark: _Toc531784473]6.28.2	Functional Description
This solution is dependent on the architecture defined in Solution 14 with the addition that 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.
NG-RAN node's capability of location management may be known to the AMF by the following means:
-	pre-configuration;
-	N2 Configuration procedure: This may (based on RAN WG3 decision) use TS 38.413 [26] NG SETUP REQUEST or RAN CONFIGURATION UPDATE messages.
When a LCS service request is received at the NEF, the NEF determines based on the requested accuracy on whether to invoke Nglmc_ProvideLocation service or Namf_EventExposure service:
For a cell-ID level accuracy LCS service request, the Namf_EventExposure service is invoked.
For a higher than cell-ID level accuracy LCS service request, the Nglmc_ProvideLoacation service is invoked.
[bookmark: _Hlk530362027]When AMF receives the LCS service request from the (V)GMLC, before AMF performs LMF selection, it first determines Whether a NG-RAN node enhanced with location management functionality can be selected or whether a LMF shall be selected:
-	If the serving NG-RAN node does not support location management capability, the AMF selects a LMF and instructs the LMF to perform UE positioning, and the procedures defined in Solution 14 applies.
-	Otherwise, the AMF instructs the NG-RAN node to perform UE positioning (using an evolved TS 38.413 [26] LOCATION REPORTING CONTROL message), and the procedures defined in clause 6.28.3 applies.
[bookmark: _Toc531784474]6.28.3	Procedures
[bookmark: _Toc531784475]6.28.3.1	5GC-MT-LR Procedure
The procedure defined in clause 6.14.3.1 applies with the following differences:
-	Step 6: Before AMF performs LMF selection, it first determines based on the capability of the serving NG-RAN node whether the NG-RAN node enhanced with location management functionality can be selected or whether a LMF shall selected. If the serving NG-RAN is selected, the AMF sends a N2 message (using an evolved TS 38.413 [26] LOCATION REPORTING CONTROL message) to the serving NG-RAN node to instruct it performing UE positioning.
-	Step 7: If AMF selects the NG-RAN node for UE positioning, the positioning procedure is between UE and NG-RAN node.
[bookmark: _Toc531784476]6.28.3.2	MO-LR Procedure
The procedure defined in clause 6.14.3.2 applies with the following differences:
-	Step 3: Before AMF performs LMF selection, it first determines based on the capability of the serving NG-RAN node whether the NG-RAN node enhanced with location management functionality can be selected or whether a LMF shall selected. If the serving NG-RAN is selected, the AMF sends a N2 message (using an evolved TS 38.413 [26] LOCATION REPORTING CONTROL message) to the serving NG-RAN node to instruct it performing UE positioning.
-	Step 4: If AMF selects the NG-RAN node for UE positioning, the positioning procedure is between UE and NG-RAN node.
[bookmark: _Toc531784477]6.28.3.3	5GC- Deferred 5GC-MT-LR Procedure for Periodic, Triggered and UE Available Location Events
The procedure defined in clause 6.14.3.3 applies, i.e. no evolved TS 38.413 [26] LOCATION REPORTING CONTROL message is used by the AMF in this case.
[bookmark: _Toc531784478]6.28.3.4	Location Service Exposure Procedure
[bookmark: _Toc531784479]6.28.3.4.1	Location exposure to AF
The procedure defined in clause 6.23.3.1 applies with the following differences:
-	Step 2: When a LCS service request is received at the NEF, the NEF determines based on the requested accuracy on whether to invoke Nglmc_ProvideLocation service or Namf_EventExposure service:
-	For a cell-ID level accuracy LCS service request, the Namf_EventExposure service is invoked.
-	For a higher than cell-ID level accuracy LCS service request, the Nglmc_ProvideLoacation service is invoked.
-	Step 12: UE Activity Notification procedure defined in clause 4.2.5.3 of TS 23.502 [5] applies instead of the enhanced location reporting procedure.
[bookmark: _Toc531784480]6.28.3.4.2	NG-RAN being the LCS client
The procedure defined in clause 6.11.3.1 applies with the following differences:
At Step 2, if the NG-RAN supports LM functionality, it performs the UE positioning by itself and all the rest steps are skipped.
[bookmark: _Toc531784481]6.28.4	Impacts on existing entities and interfaces
[bookmark: _Toc531784482]6.28.4.1	Impacts to NG-RAN node
NG-RAN node needs to be enhanced to support location management functionality to enable high accuracy location estimation, i.e., higher than Cell Id level location accuracy.
[bookmark: _Toc531784483]6.28.4.2	Impacts to N2
N2 interface needs to be enhanced with the support of positioning related messages. This may (based on RAN3 decision) imply enhancements to following TS 38.413 [26] messages:
-	LOCATION REPORTING CONTROL, LOCATION REPORTING FAILURE INDICATION, LOCATION REPORT
-	NG SETUP REQUEST or RAN CONFIGURATION UPDATE
[bookmark: _Toc531784484]6.28.4.3	Impacts to AMF
Pre-configuration of the list of NG-RAN nodes for the support of LM functionality or reusing N2 configuration procedure for the identification of NG-RAN node high accuracy positioning capability;
Determination of whether NG-RAN node or LMF to perform UE positioning.
[bookmark: _Toc531784485]6.28.5	Evaluation
The proposed solution enables timely delivery of the high accurate UE location estimation by reducing latency introduced at the mobile backhaul for the UE positioning. The latency is reduced to the largest extent.
It reuses the architecture defined for Solution 14, no impact to NRF, no impact to LMF, minor impact to AMF on the management of NG-RAN node high accuracy positioning capability.
It has impact to the NG-RAN node and N2 interface. The details of the positioning procedure and the required N2 messages will be heavily dependent on solutions developed in the RAN WG(s).
[bookmark: _Toc531784315]6.11	Solution 11: Solution for Location Service exposure to NG-RAN
[bookmark: _Toc531784316]6.11.1	Introduction
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.

[bookmark: _Toc531784317]6.11.2	Functional Description
This procedure is used by an NG-RAN to request the AMF to report the current the UE location when the target UE is in CM-CONNECTED state.
[bookmark: _Toc531784318]6.11.3	Procedures
[bookmark: _Toc531784319]6.11.3.1	NG-RAN Location exposure procedure
The flow below indicates the procedure where NG-RAN requests Location service:


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.
[bookmark: _Toc531784320]6.11.4	Impacts on existing entities and interfaces
NG-RAN
-	Need to handle two new messages, "RAN Initiated Location Request" and "RAN Initiated Location Response" on N2 interface.
AMF
-	Need to handle two new messages, "RAN Initiated Location Request" and "RAN Initiated Location Response" on N2 interface.
-	
N2
-	NGAP protocol need to be extended with a new procedure consisting of two messages with proposed naming "RAN Initiated Location Request" and "RAN Initiated Location Response" respectively.
[bookmark: _Toc531784321]6.11.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
This solution provides an efficient support for RAN Initiated Location Request as only the NG RAN, the AMF and the LMF are involved.
NOTE: The solution does not assume any permanent UE ID to be provided to the RAN.
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