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1. Discussion
[bookmark: _Toc352077766]1.1	Update the Abbreviations
The following abbreviations are present in the TR 23.700-71 and not present in TS 21.905. This pCR is proposed to add the following abbreviations in clause 3.2.
PRU	Positioning Reference Unit
NPN	Non-Public Network
NWDAF	Network Data Analytics Function
LoS	Line of Sight
TAI	Tracking Area Identity
ULI	User Location Information
LPHAP	Low Power and High Accuracy Positioning
FQDN	Fully Qualified Domain Name
LCUP	LCs User Plane
URSP	UE Route Selection Policy
EASDF	Edge Application Server Discovery Function
EDC	Edge DNS Client

1.2	Solve the FFS in the TR 23.700-71
There are nine FFS in the solutions in TR 23.700-71 and these FFS do not impact the conclusions in clause 8, this pCR is proposed to solve the FFS. The proposal is shown in Table 1.
Table 1 The proposal to solve the FFS in the solutions
	FFS
	Clause
	Proposal

	Editor's note: Whether to use new Analytics ID or reuse existing one is FFS and may need to be decided in coordination with eNA_ph3.
	6.11.3
	For NWDAF analytics, we already have conclusion in clause 8.4. So it is proposed to change the FFS into a NOTE.

	Editor's note: Any further possible impacts are FFS.
	6.11.4
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Impacts are added in this pCR.

	Editor's note: Whether the LMF can provide measurement information to NWDAF for location accuracy is FFS.
	6.12.2
	The FFS is already solved by the approved pCR (S2-2208716) in SA2#153E meeting. The pCR enhances LMF function to provide LOS or NLOS measurements to NWDAF. So it is proposed to simply remove the FFS.

	Editor's note: It is FFS how to fully utilize the PRUs in the neighbour cells of target UE and in CM-IDLE/RRC-inactive state.
	6.15.2.4
	The FFS was introduced in SA2#151E meeting (S2-2205017), but there is no related solution until now. Considering there is no study time for eLCS_Ph3, so we propose to change the FFS into a NOTE as follows:
[bookmark: OLE_LINK16]NOTE： This clause does not apply to the scenario that to use the PRUs in the neighbour cells of target UE and in CM-IDLE/RRC-INACTIVE sate.

	Editor's note: Any further possible impacts are FFS
	6.20.4
	Impacts are added in this pCR.

	NOTE 1: The detailed contents of the LCS Session information are FFS.
	6.22.3
	This FFS exists in sol#22 which is the concluded solution for KI#8 based on the last bullet in clause 8.8.
It is proposed to remove the FFS and add the following note after the last bullet in clause 8.8:
NOTE: The information transferred between the old AMF and the new AMF will be determined during the normative phase.

	Editor's note: Any further possible impacts are FFS.
	6.22.4
	Impacts are added in this pCR.

	Editor's note: FFS: The exact positioning functionalities supported, and the assistance data/location information transfers supported by PRU.
	6.28.1
	This FFS is quoted from the clause 5.4.5 in TS 38.305. Based on the latest version of TS 38.305, there is no such FFS in clause 5.4.5. So it is proposed to update the quoted context with the context in the latest version of TS 38.305.

	Editor's note: Detailed impacts are FFS
	6.29.4
	Impacts are added in this pCR.



1.3	Remove the Explanation of the Clauses
There are several explanations of clauses, e.g. the following EN in clause 4.1
Editor's note:	This clause will document the general architecture assumptions for the study.
This pCR is proposed to remove the EN to explain the content of the clause.
1.4	Add Quotation for Reference [19]
For reference [19] below, there is no related quotation in the TR 23.700-71. 
[19]	3GPP TS 23.304: "Proximity based Services (ProSe) in the 5G System (5GS)".
It is proposed to add the reference [19] in clause 6.27.1, as follows:
“Another example is the ProSe [19]/Ranging services within the local area, after discovery process, the group information can be exposed to AS/AF through PC1/SR1 interface. Based on the information exposed, AS/AF can update the group and its member information by group management through NEF according to TS 23.501 [2]. When the group information has been aligned, AS/AF can use the group parameter in LCS request to the paired GMLC and LMF in the local area.”
1.5	Add Titles of Tables
The titles of Table 6.33.4-1, Table 7.1-1, Table 7.1-2, Table 7.1-3 and Table 7.3-1 are missing. It is proposed to add the titles.
1.6	Add Titles of Figures
The titles of Figures in solutions#2, #5, #9, #11, #20, #27 and #29 are missing. It is proposed to add the titles.
2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]Based on the discussion in clause 1, it is proposed to clean up the TR 23.700-71 for SA approval.
* Start of change * 
[bookmark: _Toc104475496][bookmark: _Toc112995296][bookmark: _Toc117658041][bookmark: _Toc43819957][bookmark: _Toc43882472][bookmark: _Toc43882646][bookmark: _Toc43882633][bookmark: _Toc43882459][bookmark: OLE_LINK9][bookmark: OLE_LINK10]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>
EASDF	Edge Application Server Discovery Function
EDC	Edge DNS Client
FQDN	Fully Qualified Domain Name
LCS	LoCation Service
LCUP	LCs User Plane
LMF	Location Management Function
LoS	Line of Sight
LPHAP	Low Power and High Accuracy Positioning
LPP	LTE Positioning Protocol
LPPe	LPP extension
LCS	LoCation Service
NPN	Non-Public Network
NWDAF	Network Data Analytics Function
PRU	Positioning Reference Unit
TAI	Tracking Area Identity
ULI	User Location Information
URSP	UE Route Selection Policy
* Next change * 
[bookmark: _Toc21087536][bookmark: _Toc23326069][bookmark: _Toc25934659][bookmark: _Toc26337039][bookmark: _Toc31114286][bookmark: _Toc43392560][bookmark: _Toc43475356][bookmark: _Toc50558960][bookmark: _Toc54940315][bookmark: _Toc54952030][bookmark: _Toc57233478][bookmark: _Toc68068790][bookmark: _Toc104475497][bookmark: _Toc112995297][bookmark: _Toc117658042]4	Architectural Assumptions and Requirements
[bookmark: _Toc93486477][bookmark: _Toc93529801][bookmark: _Toc104475498][bookmark: _Toc112995298][bookmark: _Toc117658043]4.1	Architecture assumptions
Editor's note:	This clause will document the general architecture assumptions for the study.
The existing 5G LCS architecture is the bases for further enhancement work, with following add on assumption:
-	Positioning methods may be Access Network specific, although commonalties should be encouraged between Access Networks.
[bookmark: _Toc93486478][bookmark: _Toc93529802][bookmark: _Toc104475499][bookmark: _Toc112995299][bookmark: _Toc117658044]4.2	Architecture requirements
Editor's note:	This clause will document the agreed principles for the study.
The following requirements are applicable to further enhance the existing 5GC LCS architecture defined in TS 23.273 [5]:
-	The further enhancement to the 5GC LCS architecture should incorporate flexible modular components with open interfaces that facilitate equipment interoperability and the architectural requirements based on evolution of service providing capabilities.
-	The further enhancement to the 5GC LCS architecture should be future proof.
[bookmark: _Toc25934674][bookmark: _Toc26337054][bookmark: _Toc31114301][bookmark: _Toc43392575][bookmark: _Toc43475371][bookmark: _Toc50558975][bookmark: _Toc54940330][bookmark: _Toc54952045][bookmark: _Toc57233493][bookmark: _Toc68068805][bookmark: _Toc104475525][bookmark: _Toc112995325][bookmark: _Toc117658070]* Next change * 
6	Solutions
Editor's note:	This clause is intended to document the agreed architecture solutions and a mapping of solutions to key issue(s) in clause 6.0. Each solution should clearly describe which of the key issues it covers and how.
[bookmark: _Toc23326074][bookmark: _Toc25934675][bookmark: _Toc26337055][bookmark: _Toc31114302][bookmark: _Toc43392576][bookmark: _Toc43475372][bookmark: _Toc50558976][bookmark: _Toc54940331][bookmark: _Toc54952046][bookmark: _Toc57233494][bookmark: _Toc68068806][bookmark: _Toc104475526][bookmark: _Toc112995326][bookmark: _Toc117658071]6.0	Mapping Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping Solutions to Key Issues
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[bookmark: _Toc104475534][bookmark: _Toc112995331][bookmark: _Toc117658079]* Next change * 
6.1.4	Impacts on services, entities, and interfaces
Editor's note:	This clause lists impacts to services, entities, and interfaces.
The solution impacts the following network functions:
-	AMF that need to support triggering of LCS-UP connection setup, modification & termination. Additionally, AMF also needs to consider at LMF selection that the requested UE has an existing LCS-UP connection with one of the LMFs.
-	LMF that need to support procedure to setup, modification & termination of LCS-UP connection. Transfer of LPP messages over LCS-UP.
-	UE that need to support: Procedure to setup, modification & termination of LCS-UP connection. Transfer of LPP messages over LCS-UP.
-	UDM that need to add info in Subscriber info if LCS-UP transport is supported.
-	NRF that need to add info in NF profile LMF support LCS-UP transport.
[bookmark: _Toc93305724][bookmark: _Toc104475596][bookmark: _Toc112995380][bookmark: _Toc117658145]* Next change * 
[bookmark: _Toc104475537][bookmark: _Toc112995334][bookmark: _Toc117658082]6.2.2	Functional Description
As described in clause 5, User Plane positioning gives benefits including a simpler protocol stack, less overload, better performance, extra LPPe support, etc. When there is overloaded LCS signalling over N1 and/or NL1 interfaces, like massive emergency cases, LMF can offload the traffic to the user plane to enhance capacity.
LMF can perform legacy 3GPP LCS features independently. User Plane features can also be used independently or cooperated with LMF using OMA User Plane specifications as specified in TS 23.271 [4] and TS 38.305 [6].
With many features defined by OMA, since UE can't take uplink measurements, to fulfil positioning methods like RTT, the User Plane has to cooperate with Control Plane LMF to collect both uplink and downlink measurements.
User Plane cooperated with the 3GPP LCS control plane can be named 'LCUP' (LCs User Plane).


Figure 6.2.2-1: LMF and LCUP can be deployed independently and can cooperate with each other
Independent/legacy LMF handles control plane requests as per legacy 3GPP LCS specifications.
For independent User Plane entity, it could perform end to end location service (possibly following legacy OMA specifications) without 5GC impact:


Figure 6.2.2-2: Independent user plane
Details of independent user plane function is out of this solution scope.
In this solution, only user plane invoked by LMF to enhance the 3GPP 5G LCS procedures is referred as 'LCUP'. This solution makes it compatible that LCUP could also act as independent user plane while cooperating with LMF. For LCUP cooperated with LMF, it can achieve the following benefits:
1.	Both uplink and downlink measurements can be collected.
2.	User Plane and Control Plane can have feature reusability, e.g. sharing the same algorithm calculation.
NOTE 1:	As per clause 5.1 of TS 38.305 [6], detailed cooperation interface between LMF and LCUP is out of the solution scope and could be implementation specific.
To keep legacy LCS procedures' compatibility, for the cooperated LMF and LCUP instances, LMF should still perform the entry point and response route for 5GS LCS procedures, including MO-LR, MT-LR, Deferred MT-LR and regulatory-related positioning when user plane positioning is involved.
Since there could be multiple LMF and LCUP instances, when LCUP cooperated with LMF, UE needs to discover the correct instance of LCUP. With 3GPP LCS MT-LR/NI-LR/MO-LR procedures, when AMF has selected an LMF instance - LMFi to serve an LCS request about a UE, when the UE establishes user plane interaction with an LCUP, the UE should perform user plane session with an LCUPi cooperated with LMFi. This means UE should discover the LCUP instance working with the serving LMF instance.
For the cooperated case, LMF can perform the offload operation to switch the LPP traffic to User Plane.
LMF can provide information to UE, and allows the UE to establish a secure UP connection to a proper LCUP over existing or new PDU session through the following options:
1.	LMF can send SUPL INIT to UE through OMA-defined push mechanisms and activate the UP session with its cooperated LCUP.
2.	For LPP offload in Rel.18, it is straightforward that the LCUP related information be delivered over LPP itself. LMF can treat cooperated LCUP information and contents in SUPL INIT as part of assistance data in LPP provide assistance message.
a.	The provide assistance data message can be unsolicited or in response to a request assistance message from UE.
b.	The LPP offload instruction in the LCUP assistance can be imperative or instructive. Imperative means UE can choose to offload the traffic or receive failure; instructive means UE would better to offload the traffic but may still be served by LMF over control plane.
3.	LMF can also provide LCUP information to AMF using Namf_Communication_N1N2MessageTransfer and AMF forward it to UE with DL NAS TRANSPORT.
Besides the contents in SUPL INIT, LCUP assistance data can also include:
1.	The pre-provisioned or unique FQDN of the LCUP cooperating with serving LMF.
2.	Security attributes of LCUP for TLS connection establishment.
NOTE 2:	The PDU session (or related DNN) may be used only for LCS UP connection.
NOTE 3:	If any security work with PDU session and/or User Plane connection needed, it should be handled by SA WG3.
Meanwhile, LCUP service should only be provided to capable UEs. UE capability of User Plane can be exposed in a similar way as its legacy 3GPP LCS capability:
1.	The capabilities of a target UE to support user plane may be signalled by the UE to a serving PLMN or to an SNPN at the AS, NAS during registration of the UE.
2.	Some of these positioning capabilities may be transferred subsequently to an LMF with enhanced LPP signalling.
Such capability information could be transferred to LMF from:
1.	AMF in the DetermineLocation Request enhancement when UE provides the UP capability during registration.
2.	LPP message to LMF in capabilities exchange.
As per [13][14], UE could use pre-configured FQDN and/or runtime parameter(s) received in SUPL INIT as OMA compliant approach or LPP/NAS assistance as R18 enhancements to discover the LCUP.
Since UE uses FQDN to discover the User Plane server, URSP, EASDF rules and different FQDN resolution can be used to locate the LCUP:
1.	As one of the Rel-18 enhanced options, each LCUP instance cooperated with the LMF can be assigned to a unique FQDN. LMF can provide the corresponding FQDN as part of the assistance data to the UE. UE can also retry the user plane in case of an overloaded error reply of the control plane request.
2.	As OMA SUPL compliant option, for UEs which can only use provisioned (H-SLP) FQDN and related trusted certificate settings, before the traffic offload, the serving LMF can act as a (backend) DNS server and respond to the DNS query to reply the cooperated LCUP.
a.	If LCUP is bounded to certain area like in localized LCS, LMF can use the same serving cell identity to choose the LCUP as its cooperated instance.
b.	For the more specific cases that LMF is pre-configured with LCUP instance, after LMF offload instruction to UE. UE performs the LCUP DNS query. EASDF rules can attach UE IP in the ECS (EDNS Client Subnet) and forward the provisioned FQDN's DNS query to all related LMF instances. LMF could decide the DNS response by combining UP IP with information query from BSF or message contents from IMS. Only when UE IP in ECS exists in the serving UE IP list, the LMF would reply with its cooperated LCUP IP. Then UE can use the LCUP assistance delivered from serving LMF to establish User Plane session with the cooperated LCUP instance.
In conclusion, the solution to the cooperation of LMF and LCUP can be summarized as follows:
1.	LMF performs the entry point and response route of LCS procedures
2.	OAM provisions LMF with the assistance information (including FQDN, etc.) of its cooperated LCUP instance(s).
3.	LMF provides LCUP assistance to UE either through OMA defined push mechanism or LPP/NAS assistance delivery
4.	With knowledge of LCUP service, URSP configured in the UE may indicate which existing or new PDU session is used to establish the connection with LCUP.
5.	With Edge DNS Client (EDC) functionality in the UE, EASDF rules has the flexibility to match the DNS query to correct LCUP provisioned to the cooperated LMF instance.
a.	When each cooperated LCUP can have its unique FQDN so that UE can have direct access, it could be pre-configured in LMF for all its LCUP assistance delivery.
b.	When applying DNS query feature to LMF, when triggered by MT/MO/NI procedures, after offload instruction, serving LMF can reply the DNS query with its cooperated LCUP assistance information based on either serving area or UE IP/identity.
When LCUP is used with 3GPP LCS MT/NI/MO procedures, LMF can offload the LPP traffic to LCUP by the following options to activate UP connection from UE :
1.	LMF can use LPP assistance delivery containing LCUP information.
2.	LMF can use OMA defined push mechanisms. This is compatible with legacy SUPL capability of UE.
3.	LMF can also use Namf_Communication_N1N2MessageTransfer to AMF which forwards LCUP info to UE with DL NAS TRANSPORT.
After UE gets the cooperated LCUP assistance data of its serving LMF:
1.	UE starts LCUP DNS query either with pre-provisioned, or from OMA defined push mechanism or LPP assistance delivery:
a.	If the FQDN of LCUP could uniquely identify an LCUP instance, such instance would be the serving LCUP cooperated with the currently serving LMF. OAM can perform pre-provision.
b.	With localized LCS cases where LCUP and/or LMF are bounded to the serving area, LMF can use UE's serving cell ID to match its serving area and respond to DNS queries with its cooperated LCUP assistance information.
c.	LMF can also maintain serving UE IP list from BSF query or SIP IP header of SIP INVITE with co-location with LRF/RDF in emergency IMS call. LMF can use UE IP to match ECS in LCUP DNS query to know whether it is the serving LMF so that its cooperated LCUP assistance can be replied for the DNS query.
2.	UE connects to the LCUP over the user plane through the N6 interface.
3.	UE establishes TLS connection possibly with LCUP assistance data or pre-configured trusted certificates.
4.	UE can start OMA specified SUPL positioning procedures besides the control plane MT/MO/NI procedures.
[bookmark: _Toc104475538][bookmark: _Toc112995335][bookmark: _Toc117658083]6.2.3	Procedures
[bookmark: _Toc104475539][bookmark: _Toc117658084]6.2.3.1	LMF Offload traffic to Cooperated LCUP


Figure 6.2.3.1-1: LMF offload traffic to cooperated LCUP
1.	The external location services client sends a request to the GMLC for a location for the target UE identified by an GPSI or an SUPI.
2.	The GMLC invokes a Nudm_UECM_Get service operation towards the home UDM of the target UE to be located with the GPSI or SUPI of this UE.
3.	The UDM returns the network addresses of the current serving AMF.
4.	The GMLC invokes the Namf_Location_ProvidePositioningInfo service operation towards the AMF to request the current location of the UE. The service operation includes the SUPI, and client type and may include the required QoS, Supported GAD shapes and UE UP capability.
5.	If the UE is in CM IDLE state, the AMF initiates a network triggered Service Request procedure as defined in clause 4.2.3.3 of TS 23.502 [3] to establish a signaling connection with the UE.
6.	The AMF selects an LMF based on the available information as defined in clause 5.1 or based on AMF local configuration. The LMF selection takes the 5G-AN currently serving the UE into account. The selection may use an NRF query.
7.	The AMF invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE.
8.	LMF offloads the LPP traffic to its cooperated LCUP by one of the methods in clause 6.2.2.
8.a	The cooperated LMF can perform one or more of the positioning procedures with RAN defined by 3GPP.
8.b	The cooperated LCUP can perform one or more of the positioning procedures with UE defined by OMA.
NOTE:	LPPe can be executed in step 8.b.
9.	The LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF with the combined result from cooperated LMF and LCUP.
10.	The AMF returns the Namf_Location_ProvidePositioningInfo Response towards the GMLC/LRF.
11.	The GMLC sends the location service response to the external location services client.
[bookmark: _Toc104475540][bookmark: _Toc117658085]6.2.3.2	LMF Activates UE with UP Connection to LCUP


Figure 6.2.3.2-1: LMF activates UE with UP connection to LCUP
1.	URSP rules can be provisioned as an example in TS 23.503 [16]:

	Rule Precedence =4

Traffic Descriptor:
Application descriptor=App1

Connection Capabilities="internet", "supl"
	Route Selection Descriptor Precedence =1
Network Slice Selection: S-NSSAI-a
DNN Selection: DNN_1
Access Type preference: Non-3GPP access
	This URSP rule associates the application "App1" and the Connection Capabilities "internet" and "supl" with DNN_1, S-NSSAI-a over Non-3GPP access.

It enforces the following routing policy:
When the "App1" requests a network connection with Connection Capability "internet" or "supl", the UE establishes (if not already established) a PDU Session with DNN_1 and S-NSSAI-a over Non-3GPP access. After that, the UE routes the traffic of "App1" over this PDU Session.



2.	URSP rules are applied to UE.
3.	The start of 3GPP LCS procedures contained in TS 23.273 [5].
4.	Request comes to LMF with UE identity in inputData of Nlmf_Location_DetermineLocation request. When UE provides the user plane capability in registration, the request could take such capability in its parameters.
a.	LMF can use UE id to query BSF for UE IP; in emergency IMS call, E-CSCF forwards SIP INVITE to GMLC/LRF. Through GMLC/LRF, LMF can also get the UE IP from SIP header of the SIP INVITE.
NOTE 1:	If authentication work needed, it should be handled by SA WG3.
5.	LMF gets UE user plane capability and provides LCUP information through either LPP or NAS. LMF can also reuse legacy 2G/3G/4G SUPL mechanisms by sending SUPL INIT to UE with attempts to activate user plane connection.
a.	LPP capability exchange is used to fetch UE user plane capability if Nlmf_Location_DetermineLocation doesn't show such capability; LMF can also use solicited or unsolicited assistance data delivery to transfer LCUP information to UE.
b.	In (rare) cases that UE doesn't support LPP but supports user plane, DL_NAS_TRANSPORT can be used to query UE user plane capability and delivery the LCUP assistance information.
c.	To be compatible with legacy SUPL implementation in UE, especially when LMF has knowledge of UE user plane capability by OAM provision or other means, LMF can use OMA defined push mechanisms and send SUPL INIT message to activate the user plane session.
6, 7, 8.	PDU session and EASDF rule execution as per TS 23.548 [10].
9.	If FQDN in DNS query is uniquely mapped to one LCUP instance, the LCUP address is replied. This applies to cases when such FQDN is transferred from LMF to UE at step 5. But this may not apply to pre-provisioned H-SLP/E-SLP in UE. Such pre-configuration follows OMA SUPL specifications whose FQDN and trusted certificates override the runtime parameter transferred through step 5 or other means.
a.	If FQDN could be mapped to multiple LCUP instances(for example, different LCUP instances in different campus areas), EASDF attached UE address in ECS field and forward the DNS query to related LMF/LCUP instances. Since each LCUP and cooperated LMF can be configured with (e.g. local data network) address ranges, the serving LMF/LCUP instance could match UE address  among its serving UE requests and reply its LCUP address. This address is the cooperated LCUP instance that UE should establish or resume user plane session.
10.	DNS result is replied to UE. If the UE has previous TLS context with same FQDN, the TLS handshake workload can be minimized as per clause 6.1.1.4 in OMA-TS-ULP [14].
11.	UE continues to establish or resume secure user plane session. After secure connection established, user plane messages can be transferred, e.g. SUPL POS INIT for option c in step 5.
NOTE 2:	The discovery process in above activation procedures follows the EAS discovery and relocation defined in TS 23.548 [10]. It covers both the initial discovery of User Plane service for the UE and also the rediscovery process when UE needs to switch different User Plane services.
* Next change * 
[bookmark: _Toc104475560][bookmark: _Toc112995349][bookmark: _Toc117658108]6.5.2	Functional Description
Architecture for this solution is illustrated as below.


Figure 6.5.2-1: Architecture for NPN
When UE registers to the network, NG-RAN 1 is the serving RAN node for the UE. NG-RAN 1 shall select an AMF in the public network'. It is assumed, by means of configuration, that "any AMF" cannot be selected as the serving AMF of the UE.
Multiple RAN nodes are deployed in the campus network. At a given time, only a certain RAN (e.g. RAN 1 in the figure) is the serving RAN of the UE. Other RAN nodes may be selected by the LMF to measure the UE positioning signal.
It is assumed all RAN nodes in the campus network have TNL association and NG-AP connection with the "any AMF".
Current LCS design assumes NG-RAN report UE measurement to AMF (NRPPa message) and then to LMF. Because the NG-AP message may not be cyphered, it is likely the information will be sniffed by other entity in the transport network, which leads to exposure concern.
It is proposed to update the NRPPa signalling as follows:
During the location request procedure, if network based positioning method is selected by LMF, for UE associated NRPPa signalling, it is transmitted via the serving AMF. For non UE associated NRPPa signalling, it is transmitted using "any AMF" deployed in the campus network.
The description of using "any AMF" is specified in TS 38.305 [6]:
	An LMF can interact with any gNB reachable from any of the AMFs with signalling access to the LMF in order to obtain location related information to support the NR RAT-Dependent positioning methods. The information can include timing information for the TRP in relation to either absolute GNSS time or timing of other TRPs and information about the supported cells and TRPs including PRS schedule.
	Signalling access between the LMF and gNB may be via any AMF with signalling access to both the LMF and gNB.
"any AMF" is an AMF defined in TS 23.501, and needs to support the following functionality in this solution.
-	handling of Namf_nonUEN2message transfer service from LMF;
-	NG-AP message capsulation and decapsulation for UL and DL non UE associated NRPPa message.
Other functionalities supported by the AMF may not be needed in "any AMF".
NOTE 1:	Based on configuration by the campus network, the NG-RAN(s) are configured with the "any AMF" address, and establish NG-AP association with the any AMF.
Topology of NG-RAN, "any AMF" and LMF are configured by the operator. LMF is configured with "any AMF" address. NG-RAN nodes in the campus network establishes TNL association with "any AMF" in the campus network.
NOTE 2:	this solution is for the positioning procedure using UL positioning method. Regarding the positioning procedure using DL positioning method, solution#3 can be a candidate.
[bookmark: _Toc104475561][bookmark: _Toc112995350][bookmark: _Toc117658109]6.5.3	Procedures
[bookmark: _Toc104475562][bookmark: _Toc117658110][bookmark: _Toc58920664][bookmark: _Toc91143636]6.5.3.1	Network Assisted Positioning Procedure
	Same as clause 6.11.2 of TS 23.273 [5].
The AMF illustrated in this call flow is the serving AMF of the UE.


Figure 6.5.3.1-1: Network assisted positioning procedure
[bookmark: _Toc104475563][bookmark: _Toc117658111]6.5.3.2	Obtaining Non-UE Associated Network Assistance Data
	Same as clause 6.11.3 of TS 23.273 [5].
The AMF illustrated in this call flow is "any AMF" deployed in the campus network. LMF is configured with "any AMF" address. NG-RAN nodes in the campus network establishes TNL association with "any AMF" in the campus network.


Figure 6.5.3.2-1: Obtaining Non-UE associated network assistance data
* Next change * 
[bookmark: _Toc104475584][bookmark: _Toc117658132]6.9.3.1	5GC-MT-LR Procedure for the commercial location service
	Is clause 6.1.2 of TS 23.273 [5].


Figure 6.9.3.1-1: Local LMF selection during 5GC-MT-LR procedure for the commercial location service
Other steps are same as in TS 23.273 [5], except step 10:
10.	AMF, based on local configuration, e.g. mapping table mapping table of UE identity e.g. MSISDN and LMF address, or the UE LCS subscription data where includes a dedicated LMF ID, selects an LMF.
* Next change * 
6.11.3	Procedure


Figure 6.11.3-1: ML based positioning accuracy
Step 0.1:	The LMF invokes NWDAF API to subscribe to the Analytics ID corresponding to Location Accuracy for a given target area, this acts as a trigger for the NWDAF to do the offline training of the corresponding ML model.
NOTE 1:Editor's note:	Whether to use new Analytics ID or reuse existing one is FFS and may needs to be decided in coordination with eNA_ph3.
Step 0.2:	The NWDAF performs the offline training of the model using supervised data. It may also access labelled data collected from eg.MDT for its training purposes. The training is complete waiting for analytics request from the LMF for that Analytics ID.
Step 1:	LCS Client requests UE location with QoS Class as either "Multiple QoS Class" or "Assured" along with the location accuracy required. The expected behaviour from the LMF is as given in clause 6.11.2.
Step 2:	The LMF initiates the LCS session as given in TS 23.273 [5] and derives the UE location estimate
Step 3:	The LMF then queries the NWDAF for the location estimate accuracy giving as inputs the subscribed Analytics ID, location estimate and other parameters like UE ID, assistance data, time of the day etc. The NWDAF uses the corresponding model trained in Step: 0.2 and provides the location accuracy as the output to the LMF.
NOTE 12:	The training done in step 0.2 gives the ML model the ability to predict the location accuracy without the need for a reference location estimate. This is made possible by the extensive training done using various accuracy/reference values, which result in the computing of weights in the ML model. Such a trained model can then be used for an inference/prediction of the location accuracy in this step. An internal PoC has shown very encouraging results using such an ML model
NOTE 23:	The NWDAF and related aspects of this solution to be further discussed in FS_eNA_Ph3, as part of Key Issue #9: Enhancement of NWDAF with finer granularity of location information given in TR 23.700-81 [23].
Step 4:	LMF compares the location accuracy got in step 3 with the required location accuracy got in step 1 from the LCS Client.
Step 5:	If the required location accuracy is not met, the LMF may take subsequent actions like re-executing the LCS procedure with more stringent parameters (for example: higher periodicity measurements).
Step 6:	The LMF returns the location estimate with the required accuracy.
[bookmark: _Toc93305725][bookmark: _Toc104475597][bookmark: _Toc112995381][bookmark: _Toc117658146]6.11.4	Impacts on services, entities, and interfaces
Editor's note:	Any further possible impacts are FFS.
LMF:
-	To request and receive analytics corresponding to Location Accuracy for a given target area from NWDAF.
-	To decide whether the required location accuracy is met or not based on the analytics provided by NWDAF.
NWDAF:
-	To support Analytics ID corresponding to Location Accuracy for a give target area.
-	To provide the Location Accuracy analytics to LMF.
[bookmark: _Toc97269611][bookmark: _Toc104475599][bookmark: _Toc112995383][bookmark: _Toc117658148]* Next change * 
6.12.1	Description
Editor's note:	This clause will describe the solution principles and architecture assumptions for corresponding key issue(s) which should be explicitly stated. Clause(s) may be added to capture details.
As part of the location services requirements defined in TS 22.071 [18], one of the main requirements for the LCS service is the support of Location Accuracy.
The location accuracy is provided in terms of horizontal, vertical accuracy and response time. In general the accuracy of the location depends on the positioning technology used, the varying radio environments (e.g. considering multipath propagation), the type of environment where the location is measured (dense urban area or rural area).
The location accuracy required by each service varies and can vary from location accuracy up to 200km for weather services to location accuracy of up to 50m for Asset Location, route guidance, navigation. Further information is provided in Table 4.1 of TS 22.071 [18].
When a location client requires a location accuracy the location client may include in the request to the GMLC:
-	A response time (no delay, low delay, delay tolerant).
-	Horizontal and/or vertical accuracy requirements (in meters).
-	LCS QoS Class (best effort, assured or multiple QoS corresponding to a priority of QoS accuracy).
When the LMF determines the location the LMF also determines the accuracy of the location and also whether the location requirements are met which are sent to the GMLC. The GMLC responds to the client the accuracy of the location measurement can be met.
Analytics from the NWDAF can be enhanced to allow a location client to be aware if a location accuracy can be met. Example consumers of such analytics is as follows:
-	LMF uses the analytics to identify the best positioning method to use to determine a location in a specific area, taking into account UE capabilities, QoS requirements and operator policies.
-	The location client can determine to upgrade/downgrade the requested LCS QoS taking into account the analytics of location accuracy.
-	The location client can adapt the application service accordingly. For example, a navigation service can take into account areas where location accuracy cannot be met when providing route guidance.
[bookmark: _Toc97269612][bookmark: _Toc104475600][bookmark: _Toc112995384][bookmark: _Toc117658149]* Next change * 
6.12.2	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
A consumer (e.g. a location client) requests from the NWDAF analytics for "Location Accuracy Sustainability". The request may also include the following as Analytic Filters:
-	A target area.
-	A target UE (not applicable for option 1), group of UEs (not applicable for option 1) or any UE.
-	Time of Day.
-	An LCS QoS Class or Horizontal/Vertical Accuracy requirement (denotes the requested LCS QoS or Horizontal/Vertical accuracy requirement.
-	Optionally a positioning method used.
-	A location accuracy threshold, i.e. report accuracy analytics only if the location accuracy exceed an horizontal or a vertical accuracy threshold (in meters).
The analytics consumer may also include as Analytic Filters within the location request the following:
-	An indication to report the ratio of UEs using LOS/NLOS measurements in a target area.
Two options are available from the NWDAF to collect input data for Location Measurement Accuracy:
-	Option 1: Data Producer is the LMF (applicable when an analytics consumer requests Location Accuracy Analytics for any UE for a specific Target Area).
-	Option 2: Data Producer is the GMLC.
Data collection for Option 1:
The NWDAF finds the LMF that servers a target area. The NWDAF then invokes a new SBI (e.g. Nlmf_Event_Exposure) and requests data from the LMF identified by a new Event ID, e.g. "Location Measurement Accuracy request". The LMF based on the Event ID requested provides information on accuracy of a measurement of a location when a location measurement is made by the LMF.
Editor's note:	Whether the LMF can provide measurement information to NWDAF for location accuracy is FFS.
'The LMF provides measurements reports to the NWDAF as follows:
-	The LMF provides measurements report for any location request received by the LMF by a location client (the request is received via the GMLC).
-	If the request includes a requested LCS QoS class or horizontal/vertical accuracy the LMF provides a measurements report when the LMF receives a location request from a location client with the requested accuracy.
-	If the request includes a positioning method, the LMF provides measurements report when the LMF determines the location using the position method used.
-	If the request includes an LOS/NLOS ratio the LMF triggers the UEs to report whether a measurement was made according to LOS or NLOS measurements.
The procedure is shown below:


Figure 6.12.2-1: Procedure to derive analytics for location accuracy sustainability(Option 1)
1.	A Consumer requests analytics for location accuracy sustainability from the NWDAF. The request may include a target area, a time of day, a target UE (or group of UEs or any UE). The request may also include, to report analytics for a specific LCS QoS requirement or horizontal/vertical accuracy.
2.	The NWDAF finds the LMF serving the UE target area (Option 1) by querying the NRF.
3.	The NWDAF sends a request to the LMF to provide location measurement accuracy data (the request may be a subscription or a one-time request). The NWDAF includes in the request to the LMF information to satisfy the requirements of the consumer in step 1.
4a-4c.	The LMF is triggered to provide a location from a location client as per procedure in TS 23.273 [5]. The LMF derives the location of the UE.
5.	The LMF determines that the location measured is in an area where the NWDAF has subscribed to report location measurements. The LMF reports the location accuracy to the NWDAF.
6.	The data are provided to the NWDAF.
7.	The NWDAF derives analytics for location accuracy.
8.	The NWDAF provides analytics to the consumer.
Data collection for Option 2:
The NWDAF subscribes from GMLC to obtain location data for a UE or any UE. The NWDAF discovers GMLC from NRF and invokes (via a new SBI) to retrieve data about the location measurement accuracy (optionally per positioning method).
The GMLC provides measurements report to the NWDAF as follows:
-	If the request target any UE the GMLC provides measurements report for any location request received by a location client
-	If the request target a specific UE, the GMLC provides measurements report when the GMLC receives a location request from a location client that targets the specific UE.
-	If the request includes a requested LCS QoS class or horizontal/vertical accuracy the GMLC provides measurements report when the GMLC receives a location request from a location client with the requested accuracy
-	If the request includes a positioning method, the GMLC provides measurements report when the GMLC receives information (from the AMF) on the positioning method used by the LMF to determine the location of the UE.
The procedure is shown below:


Figure 6.12.2-2: Procedure to derive analytics for location accuracy sustainability (Option 2)
1.	A Consumer requests analytics for location accuracy sustainability from the NWDAF. The request may include a target area, a time of day, a target UE (or group of UEs or any UE). The request may also include, to report analytics for a specific LCS QoS requirement or horizontal/vertical accuracy.
2.	The NWDAF finds the GMLC from the NRF
3.	The NWDAF sends a request to the GMLC to provide location measurement accuracy data (the request may be a subscription or a one-time request). The NWDAF includes in the request to the GMLC information to satisfy the requirements of the consumer in step 1.
4a-4b.	The GMLC is triggered to provide a location from a location client as per procedure in TS 23.273 [5]. The GMLC invokes a location request to the AMF/LMF according to TS 23.273 [5]. The GMLC receives location information from the AMF/LMF including information indicating if the location accuracy requested has been met and the positioning method used.
5.	The GMLC determines to report the location information to the NWDAF.
6.	The data are provided to the NWDAF
7.	The NWDAF derives analytics for location accuracy .
8.	The NWDAF provides analytics to the consumer.
The following input data are required by the NWDAF to measure location measure accuracy.
Table 6.12.2-1: Location measurement accuracy data collected by NWDAF
	Information
	Source
	Description

	Location Measurement accuracy data
	LMF or
GMLC
	Includes information on the Position Method used, the requested LCS QoS or horizontal/accuracy and whether the location accuracy request was satisfied

	Timestamp
	LMF or
GMLC
	The time where the location was measured by the LMF

	LOS or NLOS measurements
	LMF
	Indication whether the UE measurements was based on LOS/NLOS measurements

	UE Location
	AMF
	The location area of the UE when the location measurement was made



The analytics output to the consumer may include one of the following:
Table 6.12.2-2: "Location Accuracy Sustainability" statistics
	Information
	Description

	List of Accuracy Analytics (1..max)
	

	>Applicable Area
	A list of TAIs or Cell IDs within the Location information that the analytics applies to.

	>Applicable Time Period
	The time period within the Analytics target period that the analytics applies to.

	>The requested LCS QoS
	The analytics provide a delta against the request measurement accuracy level from a consumer.

	> List of SUPIs
	A list of SUPIs experiencing the same analytics accuracy.

	> Positioning Method
	The positioning method used to measure location.

	> Ratio of NLOS/LOS measurements in target area 
	Provides a ratio of LOS to NLOS measurements reported by the UE in the target area.

	> Percentage of analytics accuracy above/below requested thresholds
	A percentage indicating if the requested analytics accuracy is met.



Table 6.12.2-3: "Location Accuracy Sustainability" predictions
	Information
	Description

	List of Accuracy sustainability Analytics (1..max)
	

	>Applicable Area
	A list of TAIs or Cell IDs within the Location information that the analytics applies to.

	>Applicable Time Period
	The time period within the Analytics target period that the analytics applies to.

	> The requested LCS QoS
	The analytics provide a delta against the request measurement accuracy level from a consumer.

	> List of SUPIs 
	A list of SUPIs experiencing the same analytics accuracy.

	> Positioning Method
	The positioning method used to measure location.

	> Ratio of NLOS/LOS measurements in target area
	Provides predicted ratio of LOS to NLOS measurements of UEs in target area.

	> Percentage of analytics accuracy above/below requested thresholds
	A percentage prediction indicating if the requested analytics accuracy is met.

	>Confidence
	Confidence of the prediction.
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6.12.3	Impacts on services, entities and interfaces
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.
-	Applicable to Option 1: New Nlmf event notification service to allow the NWDAF to retrieve location measurement reports from the LMF.
-	Applicable to Option 2: NWDAF support Ngmlc service based interfaces to retrieve location information for a UE.
[bookmark: _Toc104475624][bookmark: _Toc117658173]* Next change * 
6.15.2.4	CM-IDLE/RRC-Inactive PRU(s) Utilization
To fully utilize the PRU(s) in the same camping cell of target UE, target UE AMF can send the PRU wake up indication to the target UE NG-RAN, then target UE NG-RAN broadcast this information in target UE camping cell, then all candidate PRU(s) could listen this information and go back to connected state.
Editor's noteNOTE 1:	RAN WG coordination is needed.
Editor's noteNOTE 2:	This clause does not support the function It is FFS how to fully utilize the PRUs in the neighbour cells of target UE and in CM-IDLE/RRC-inactive state.
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[bookmark: _Toc104475666][bookmark: _Toc112995424][bookmark: _Toc117658215]6.20.3	Procedures

'
Figure 6.20.3-1: In/out-door analytics provided by NWDAF
Step 1:	Regulatory (LI or Emergency) NI-LR or MT-LR procedure as defined in TS 23.273 [5]. NWDAF can also use GMLC to fetch finer granularity information with indoor/outdoor indication in response.
Step 2:	LMF receives the request which requires indoor and outdoor indication.
Step 3:	LMF performs positioning procedures (using LPP with UE or NRPPa with RAN nodes).
Step 3.1:	LMF may decide indoor and outdoor decision by its own positioning procedures/measurements. This could also be carried out in non-regulatory procedures to enrich the NWDAF dataset.
Step 3.2.a:	When LMF decides the indoor/outdoor indication, it can feed the measurements and result to NWDAF for learning process.
Step 3.2.b:	When LMF can't decide the indoor/outdoor indication, it can use its measurements to query NWDAF.
Step 3.3:	No matter indoor/outdoor decision is made by LMF or NWDAF, LMF can use the information to optimize its positioning methods or procedures.
Step 4~5:	indoor and outdoor information can be forwarded back to various client to meet the regulatory requirements.
Step 6:	The indoor/outdoor information can be included in the response if needed. NWDAF can get the indoor/outdoor indication when better accurate information than TA/CI is needed.
6.20.4	Impacts on services, entities, and interfaces
[bookmark: OLE_LINK8]Editor's note:	Any further possible impacts are FFS.
	LCS Client: support indication of indoor/outdoor in the LCS Service Request.
	LMF: support determination of UE's indoor or outdoor location.
	NWDAF: support new analytics of indoor and outdoor decision.
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6.22.3	Procedure


Figure 6.22.3-1: Xn Based Handover – LCS Continuity
Description:
	Steps 1-12 describe the normal LCS session and Xn based HO procedures.
Some of the key steps are described below.
	Step 4: AMF knows the LCS Correlation ID of the UE for which the LCS session is being initiated - it stores the same.
	Step 12: AMF comes to know of the completion of the Xn based HO. The Target gNB also sends the old NGAP : AMF UE ID assigned by the AMF in the message (Target gNB gets it from Source gNB in step 7).
	Step 13: The AMF checks if this UE ID has an associated LCS session that is active (by checking for the corresponding LCS Correlation ID).
	Step 14: If such an LCS session exists, then the AMF shall invoke a notification towards the LMF indicating the completion of the ongoing mobility procedure. This could be an existing API enhanced or a new API.
	AMF determines that the existing LMF cannot serve the LCS session anymore due to UE mobility (this could be based on an internal configuration); it then selects a new LMF and provides this LMF address in the mobility completion notification to the old LMF.
	The old LMF then invokes the Nlmf_Location_LocationContextTransfer procedure to the new LMF and transfers the LCS Session context.
	Step 16: When the LMF receives the notification for mobility completion, it will keep all the active LCS sessions on, but requests for updated information to make the measurements accurate. The LMF may communicate with the Target gNB through the AMF for this purpose.
	The new LMF then initiates the LCS session (using the target NG-RAN).
This could be the modified list of TRPs, assistance information etc. and then subsequently, a fresh request for measurements based on the updated information.
As can be observed, the entire procedure is done in a way where GMLC and/or LCS Client is not aware of the mobility handling and the LCS session continuity is ensured.


Figure 6.22.3-2: NG Based Handover - LCS Continuity
Description:
	Steps 1-16 describe the normal LCS session and NG based HO procedures. Some key steps are highlighted below.
	Step 4: Source AMF knows the LCS Correlation ID of the UE for which the LCS session is being initiated - it stores the same.
	Step 9: The Source AMF adds the LCS Session information corresponding to all the active LCS sessions to the Target AMF along with the assigned old NGAP AMF UE ID.
NOTE 1:	The detailed contents of the LCS Session information are FFS.
	S-AMF already sends the Target RAN ID to the T-AMF as part Namf_CreateUEContextRequest. It could add the S-LMF Address in the same. The T-SMF then determines if the same LMF can continue to serve the UE post HO (possibly based on internal configuration).
	Step 10: The Target AMF assigns a new NGAP AMF UE ID for the UE as per HO signalling.
	Step 12: T-AMF may then select a different LMF(T-LMF) and indicates this to the S-AMF in Namf_CreateUEContextResponse. If a new LMF is indicated, then the S-AMF requests the S-LMF to initiate LMF context transfer using the Nlmf_Location_CancelLocation. This triggers the S-LMF to start Nlmf_Location_LocationContextTransfer procedure to the T-LMF and transfers the LCS Session context.
	Step 16: The HO completes and Target AMF gets the notification with the new NGAP AMF UE ID.
	Step 17: It then checks if that UE had an existing LCS Session on the Source AMF (using the data it got in step 9).
	Step 18: If such an LCS session exists, then the AMF shall invoke a notification towards the LMF indicating the completion of the ongoing mobility procedure. This could be an existing API enhanced or a new API.
The LMF may then choose to do the same actions as described for the Xn based HO to keep the LCS session active, but with updated, more accurate parameters and measurements. The LMF may communicate with the Target gNB through the Target AMF for this purpose. This completes the LCS session continuity for NG based HO.
The T-LMF shall then wait HO completion notification and then re-initiates the LCS session with the T-gNB.
NOTE 21:	The above solutions are applicable to:
-	UL or DL or UL+DL positioning methods.
-	MTLR/MOLR/NILR LCS sessions.
NOTE 32:	In both the solutions, the LMF is assumed to remain the same. Handling of LCS session during LMF change is already specified in TS 23.273 [5].
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6.22.4	Impacts on services, entities, and interfaces
Editor's note:	Any further possible impacts are FFS.
AMF: Check if the UE has an existing LCS Session after HO. If yes, invoke a notification towards the LMF indicating the completion of the ongoing mobility procedure.
LMF: Receive notification indicating the completion of the ongoing mobility procedure and initiate the LCS session using the target NG-RAN.
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6.26.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution, and briefly the main principles of the solution.
The solution addresses key issue #12, support of low power and/or high accuracy positioning. In particular, the issue "whether new information is needed in subscription data for low power and/or high accuracy positioning" is clarified its necessity.
When RAN discussed low power and high accuracy positioning (LPHAP) in the workshop (RWS-210573), people believe the UE requiring low power and high accuracy positioning can be a new UE type, or based on Redcap UE or eMBB UE. It means low power and high accuracy positioning is not a "label" to differentiate UE, but actually a location service requirement for both UE impact and service performance.
With the introduction of LPHAP, location procedure in rel-18 needs to be enhanced to satisfy the requirement. In terms of "HA(high accuracy", currently it is identified by LCS QoS, and optionally provided by the LCS client/AF. If the LCS QoS is not provided, the LMF will treat the location request with a default accuracy.
On the other hand, LPHAP also reflects the expected UE impact when being positioned, i.e. low power consumption. LMF is responsible for positioning method selection. Usually UE-based positioning will consume more power than NW-based one. Therefore LMF should take into account the LPHAP requirement when determine the positioning method.
* Next change * 
[bookmark: _Toc112995457][bookmark: _Toc117658254]6.27.1	Introduction
This solution addresses the key issue #3: Local Area Restriction for an LMF and GMLC. In this solution, the LMF discovery and selection mechanism by AMF is enhanced to use Group Information as a way to select a "local LMF" for local requests whose LMF should be "local".
For example, it may be desirable to handle location requests targeting a UE belonging to a factory by using a "local" LMF associated with the factory i.e. possibly hosted on the factory premises, allowing to keep information related with location of the factory users within entities controlled by the factory. Conversely, the location of UE, not members of the factory (users passing by near or within the factory but not members of the factory staff), should not be handled by LMF resources of the factory.
Another example is the ProSe [19]/Ranging services within the local area, after discovery process, the group information can be exposed to AS/AF through PC1/SR1 interface. Based on the information exposed, AS/AF can update the group and its member information by group management through NEF according to TS 23.501 [2]. When the group information has been aligned, AS/AF can use the group parameter in LCS request to the paired GMLC and LMF in the local area.
The group information may be transferred directly from AF/LCS Client or derived from the LCS request by AMF. With the group information, which shows the location service requires a local LMF, AMF select a local LMF.
GMLC/NEF may derive group information from the attributes in the request; when the slice information is correlated to the group communication, AMF may derive the group information from the slice information of the UE.
Such information can also be used by LMF to select GMLC of the same area to perform event/periodic reporting.
* Next change * 
[bookmark: _Toc112995459][bookmark: _Toc117658256]6.27.3	Procedures


Figure 6.27.3-1: LMF selection based on group information
Step 1:	MT-LR procedure started as defined in TS 23.273 [5]. The service uses local GMLC (or through NEF). AF/LCS Client may take group information in the request parameters.
Step 2:	Local GMLC may use the group information in the request or derive the group information from the context or parameters of the request.
Step 3:	AMF receives the request.
Step 3.1:	For local/edge service, AMF could also use the slice information to select/lookup LMF instance (from NRF).
Steps 4~6:	LMF performs the LCS session.
Step 7:	LMF select the paired GMLC for reporting. When multiple criteria exist, the GMLC selection logic is implementation specific.
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6.28.1	Introduction
This solution addresses KI#7 - support of Positioning Reference Units (PRUs) according to the definition in TS 38.305 [6] which is as follows:

	[bookmark: _Toc100832218]5.4.5	Positioning Reference Unit (PRU)
A Positioning Reference Unit (PRU) at a known location can perform positioning measurements (e.g. RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) and report these measurements to a location server. In addition, the PRU can transmit SRS to enable TRPs to measure and report UL positioning measurements (e.g. RTOA, UL-AoA, gNB Rx-Tx Time Difference, etc.) from PRU at a known location. The PRU measurements can be compared by a location server with the measurements expected at the known PRU location to determine correction terms for other nearby target devices. The DL- and/or UL location measurements for other target devices can then be corrected based on the previously determined correction terms.
From a location server perspective, the PRU functionality is realized by a UE with known location.
Editor's note:	FFS: The exact positioning functionalities supported, and the assistance data/location information transfers supported by PRU.



The definition shows that a PRU can be a supported as a UE since positioning measurements and SRS transmission can correspond to what is defined for a UE.
The main principles of this solution are as follows:
1.	Treat PRUs the same as normal UEs from an architectural perspective.
2.	Avoid impacting an AMF, NG RAN node, UDM or any existing non-eLCS interface or reference point.
3.	Make use of a Supplementary Service protocol (e.g. the protocol defined in TS 24.080 [21]) to enable interaction between a PRU and an LMF that is transparent to other entities.
NOTE:	It is assumed that a PRU can only operate when in coverage of the PLMN to which it belongs or with which it is associated.
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[bookmark: _Toc117658273]6.29.3.1	PRU Information Update


Figure 6.29.3.1-1: PRU information update procedure
Step 1:	PRU performs registration. The registration may contain PRU attributes (including location estimate, capabilities).
Step 2:	AMF select LMF instance based on PRU attributes or other criteria. If PRU attributes are available, they are forwarded to LMF.
Step 3:	When necessary PRU attributes are missing, LMF perform LCS procedures to PRU to fetch these attributes.
Step 4:	LMF may notify GMLC directly with PRU information or indirectly through AMF.
Option a:	If PRU takes GMLC address in registration, LMF gets the information from AMF or LMF can derive GMLC address, the GMLC address can be used directly to send Nlmf_Location_EventNotify with PRU information to GMLC.
Option b:	LMF may use AMF to forward the PRU information to GMLC. AMF may derive the GMLC address.
NOTE 1:	Nlmf_Location_DetermineLocation response takes not only location result, but also additional information of PRU.
NOTE 2:	AMF selection of LMF, LMF/AMF selection of GMLC could be implementation specific.

[bookmark: _Toc117658274]6.29.3.2	Positioning Procedures with PRU


Figure 6.29.3.2-1: Positioning procedure with PRU
Step 1:	LCS NI-LR, MO-LR or MT-LR as defined in TS 23.273 [5].
Step 2:	Request arrives to serving LMF of UE.
Steps 3.1~3.2:	LMF may decide to use PRU before/during/after positioning procedure of target UE.
Step 3.3:	LMF queries the GMLC for PRU discovery. It may use the target UE information or serving TAI/NCGI information as discovery parameters. LMF may get the GMLC information of the PRU by following ways.
-	LMF could query NRF using serving TAI/NCGI of target UE.
-	LMF could get the serving GMLC if they are correlated as per solutions of KI#3 of certain local area.
-	LMF may use implementation specific methods to get GMLC instance.
Step 3.4:	Based on PRU capabilities, with AMF information of PRU attributes, LMF for target UE sends request to serving AMF of PRU with requested positioning information of PRU.
NOTE 1:	With implementation specific policy, the serving LMF of PRU during its registration phase can be used. In this case, LMF for target UE should still send the request through AMF in case PRU is in CM-IDLE/RRC-INACTIVE state.
Steps 3.5~3.7:	Serving LMF of PRU performs the requested procedures and replies the necessary information back to the serving LMF of target UE.
NOTE 2:	Different PRU may use different LMF instances. The LMF instance decided by serving AMF may not be same as serving LMF during the registration phase.
Step 3.8:	LMF for target UE may use the result from PRU session to optimize its positioning procedures.
6.29.4	Impacts on services, entities, and interfaces
[bookmark: OLE_LINK11]Editor's note:	Detailed impacts are FFS.
AMF: Notify PRU info to GMLC.
GMLC:
-	Receive PRU info from AMF or LMF.
-	Provide PRU info to LMF based on request from LMF.
LMF:
-	Notify PRU info to GMLC.
-	Request PRU info from GMLC.
* Next change * 
[bookmark: _Toc112995491][bookmark: _Toc117658305]6.33.4	Impacts on services, entities, and interfaces
Table 6.33.4-1 Impacts on services, entities and interfaces
	
	GMLC
	AMF
	MME
	LMF/eSMLC/RAN/UE

	5GS -> EPS Mobility
	Transfer of LCS context from 5GS to EPS
Mapping of LCS QoS from 5GS to EPS
Initiating LCS session on EPS on target MME given by AMF
	Provide the target MME ID to GMLC as part of Namf_Location_Response
Trigger the sending of LCS UP server assistance data to the UE as part of the HO procedure
	
	None

	EPS -> 5GS Mobility
	Transfer of LCS context from EPS to 5GS
Mapping of LCS QoS from EPS to 5GS
	
	 Provide the target AMF ID to GMLC as part of Location_Response
	None
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7.1	Key Issue #1: Architectural Enhancement to support User Plane positioning
The following solutions address KI#1.
-	Solution #1: Positioning protocol transport over User Plane.
-	Solution #2: Discovery of User Plane service Cooperated with 3GPP LCS Features.
-	Solution #3: User plane location capability transfer and positioning via user plane.
-	Solution #19: Support of Low Latency via User Plane.
KI#1 identifies the following benefit of user plane positioning:
-	It has a more efficient communication overload with a direct connection from LCS server to UE.
-	It may not require gNodeB, AMF, LMF signalling processing of RRC, NG-AP and HTTP/2 protocol stacks. A single session may handle all the transactions.
An additional benefits can be reduced latency which is covered by KI#10, applicability in local service covered in KI#2, mobility support covered in KI#8, power saving covered by KI#11 and KI#12.
Solutions need to be evaluated against these benefits.
UE Impact
As a "direct connection from LCS server to UE", UE impact is of first priority. In R16 and R17, UE compliant with TS 38.305 [6] and related specifications has already specified user plane support.
As the considerations in KI#1 "emergency/non-emergency, other regulatory cases like lawful interception", whether legacy Rel-16/Rel-17 compatible UE can directly use the user plane service in this study is important for emergency and/or regulatory use cases.
Solution#1 introduced a new protocol which requires UE with a new communication method. Solution#2 takes SUPL compliance with same reference as TS 38.305 [6]. Solution#3 supports 'secure user plane' and it depends on NAS to activate the user plane connection from UE; The detailed protocol between UE and LMF in solution#19 and solution#3 is unknown whether it is a new protocol to be defined from scratch or reusing SUPL.
In summary:
Table 7.1-1 Comparison of solutions on UE Impact
	R16/R17 UE Impact
	Solution#1
	Solution#2
	Solution#3
	Solution#19

	Mandatory Change
	Yes
	No
	TBD
	TBD

	Optional Enhancement
	Yes
	Yes
	Yes
	TBD



NOTE 1:	The main optional enhancement update to UE includes the DL_NAS_TRANSPORT or extension to LPP. These enhancements are needed in solution#1 and solution#3, optional to solution#2.
Delay Analysis
The protocol of solution#1 doesn't have details for analysis. There are no enough details for comparison between 'lightweight' protocol in solution#1, OMA ULP in solution#2, 'secure user plane' in solution#3 and "User Plane Transfer of Event Reports" in solution#19. Although solution#19 improves legacy supplementary service, but it has two segments of secure connection. So, latency analysis doesn't have comparable result.
Mobility Support
"mobility support covered in KI#8" has both EPS to 5GS mobility and inter-RAN node mobility.
Since data channel should not have impact when UE moves from one RAN node to another, the analysis focuses on EPS and 5GS mobility.
In EPS, user plane is specified in TS 23.271 [4] as same SUPL reference to TS 38.305 [6]. The mobility switches over with different cases as following summary:
Since solution#19 doesn't cover handover or mobility contents, the EPS/5GS mobility in this solution is TBD.
Table 7.1-2 Comparison of solutions on how to support EPS and 5GS mobility
	EPS and 5GS mobility
	Solution#1
	Solution#2
	Solution#3
	Solution#19

	UE moves from EPS to 5GS
	SUPL->'lightweight protocol'
	SUPL->SUPL
	SUPL->TBD
	SUPL->TBD

	UE moves from 5GS to EPS
	'lightweight protocol'->SUPL
	SUPL->SUPL
	TBD->SUPL
	TBD->SUPL



Local/Edge LCS Support
"Applicability in local service covered in KI#2" is taken as dependencies in solution# 4 and solution#5.
It is also described in KI statements "deployed the edge data network…. and fits into the architecture in TS 23.548 [10]". TS 23.548 [10] mainly contains discovery and relocation features which maps to user plane function discovery and UE mobility to Edge Hosting Environment.
Since solution#19 doesn't cover handover or mobility contents, the discovery and DN mobility in this solution is TBD.
Table 7.1-3 Comparison of solutions on Edge/Local LCS Support
	Edge/Local LCS Support
	Solution#1
	Solution#2
	Solution#3
	Solution#19

	User Plan Discovery
	Through enhancement of NAS
	Compliant with TS 23.548 [10]
	Through enhancement of NAS
	TBD

	Mobility between different data networks *
	Through enhancement of LMF switchover
	Compliant with TS 23.548 [10]
	Through enhancement of LMF switchover
	TBD



NOTE 2:	The UE mobility can cover the following cases:
1.	UE may move between central data network (C-DN) and local data network (L-DN)).
2.	UE may move between different local data networks (L-DN).
Other Aspects
Among all solutions of KI#1, power saving is not addressed.
With Solution #1, a LCS-UP connection over a PDU session is established between the UE and an LMF. During the registration procedure or the initiation of an LCS procedure, AMF decides to select an LMF and request the UE and the selected LMF to establish an LCS-UP connection. LMF sends its user plane location address to UE via existing procedures, and a lightweight LPP transfer protocol is to be introduced. User Plane connection establishment is initiated by the UE and can be transferred to another LMF by the AMF. An LMF can also transfer a user plane connection it has to a UE to a different LMF. User plane establishment and transfer requires extra signalling but should reduce signalling when used to transfer positioning messages between the UE and LMF. However, it is not clear how an AMF can determine which UEs will benefit from a user plane connection. If applied to all UEs, there could more signalling overall and not less signalling. If applied to UEs which perform the most positioning, there might be less signalling overall. But there is no analysis of this. In this solution, it is LMF to decide whether or not utilize the user plane positioning method after receiving a request from AMF. The user plane connection would not be used if LMF decides to use control plane for UE positioning.
With Solution #2, an LMF can transfer control plane positioning of a UE to a separate SUPL user plane connection between the UE and a separate but associated LCUP server. In this solution, it is LMF to decide whether or not utilize the user plane positioning method after receiving a request from AMF. SUPL based push mechanism or LPP itself is used to trigger the establishment of UP connection if there is no available one. There would be extra signalling to setup the SUPL user plane connection but, once setup, transfer of SUPL positioning messages could use less signalling. The user plane server (LCUP) might possibly be part of an LMF. The solution also requires some clarification of how the SUPL user plane connection would be used. For example, a SUPL user plane connection is normally released after a UE location is obtained, as its emphasized OMA SUPL compliance, it should use minimized handshake feature defined in clause 6.1.1.4 of OMA ULP specification if the SUPL user plane connection ends then can be resumed for a later positioning of the UE. URSP including user plane positioning related DNN/S-NSSAI is used for PDU session establishment.
With Solution #3, an LMF can trigger a UE to establish a user plane secure connection with the LMF and then exchange LPP messages with the UE over the user plane secure connection. An LMF can also use an already established user plane secure connection with a UE to transfer LPP messages. The protocols to securely support the user plane connection and conditions for releasing the user plane connection re-uses the solution#1. Establishing a user plane will add extra signalling, thus AMF may trigger UE to establish the PDU session when UE registers, considering UE capability, location and subscription information, etc. to reduce signalling.
With Solution #19, user plane positioning is used only for a periodic or triggered MT-LR to return location event reports to an LCS Client or AF. The user plane connection is between the UE and LCS Client or AF and comprises either a single direct connection or two concatenated user plane connections through an intermediate entity that is either the LMF or the H-GMLC. For UE assisted position methods, positioning (e.g. LPP) messages can be exchanged between the UE and LMF over one user plane connection, with an event report later sent by the LMF to the LCS Client or AF over a second user plane connection. For UE based position methods, no signalling between the UE and LMF is needed and a single direct user plane connection or two concatenated user plane connections through an H-GMLC can be used. Although there is extra signalling to establish and later release the user plane connection(s), signalling would be reduced for reporting of location events which would reduce overall signalling as long as event reports are sent. The 'second user plane connection' in this solution does not use the SBA pattern and exposures the address information of LMF directly to AF and LCS Client. In this solution, UE assisted and UE-based/UE standalone positioning methods utilize different procedures, which does not involve LMF to make the decision to select the positioning method and mode. The solution impacts the UE, AMF, LMF, GMLC, LCS client, AF.
In general, use plane based solutions can reduce the communication overload and signalling cost of control plane, i.e. AMF not involved for LPP message transfer. In all solutions, there are no limitations on deployment scenario, i.e. the LMF or LCUP can be deployed at centre or edge.
In summary, the comparison of solutions for KI#1 is listed in the Table 7.1-4.
Table 7.1-4: Comparison of solutions of Key Issue #1
	Solutions
	NF to trigger to establish the UP connection
	How to trigger UP establishment if there is no available one
	NF/entity the UE establish UP connection to
	NF to selects the UP method
	Transport mechanism for LPP or Supp Svc messages
	Whether cover LMF change
	Impacts on NFs

	Sol#1
	AMF
	UP Info of LMF
	LMF
	LMF
	A lightweight  protocol to be defined by stage 3 in 3GPP
	Yes
	UE, AMF, LMF, UDM, NRF

	Sol#2
	LMF
	LCUP information or OMA SUPL based push mechanism
	LCUP (separated but cooperated with LMF)
	LMF or UE (SUPL)
	OMA SUPL
	NO
	UE, LMF and LCUP at least

	Sol#3
	LMF
	UP Info of LMF
	LMF
	LMF or UE (for MO-LR after UP connection established)
	Re-use Sol#1
	Yes
	UE, LMF and AMF

	Sol#19
	LCS client/ AF/GMLC/LMF
	UP Info of LCS client/ AF/GMLC/LMF 
	LCS client or AF/GMLC/LMF
	LMF not involved
	TLS
	NO
	UE, LMF, GMLC, LCS client/AF 



[bookmark: _Toc112995512][bookmark: _Toc117658324]* Next change * 
[bookmark: _Toc112995509][bookmark: _Toc117658321]7.3	Key Issue #3: Local Area Restriction for an LMF and GMLC
The clause evaluates the solutions for KI#3 as following.
Solution#6, #7, #8, #9 are all addressing key issue#3: Local Area Restriction for an LMF and GMLC. Three aspects "parameter configuration", "parameter exchange", and "LMF selection logic" are used to summarize the solutions:
Table 7.3-1 Comparison of solutions of Key Issue #3
	Parameter configuration
	GMLC:
configured with LMF ID
	AMF/NRF:
Mapping of AF/client ID and LMF ID
	AMF:
GMLC service area
	AMF/UDM:
Mapping of UE ID and LMF/GMLC address

	Parameter exchange
	GMLC to AMF:
Configured LMF ID
	If mapping is on NRF, AMF retrieves the LMF ID
	none
	If mapping is on UDM, AMF fetches it.

	LMF selection
	AMF, based on provisioned LMF ID
	By AMF
	AMF, make sure LMF can serve the service area of the GMLC
	By AMF



* Next change * 
7.6	Key Issue #6: UE Positioning without UE/User Awareness
There is one solution in the present TR, i.e. sol#14, related to key issue#6 which aims to support UE not notified by any means during the LCS session, especially when UE is in CM_IDLE or RRC_INACTIVE state.
To support key issue#6, two indications (i.e. UE unaware indication and user unaware indication) are introduced in sol#14. When UE unaware indication is provided by LCS Client/ AF, if target UE is in CM_IDLE or RRC_INACTIVE state, the target UE is not paged. When user unaware indication is provided by LCS Client/ AF, the only exception with the existing positioning procedure is that interaction between network and user, i.e. privacy check requiring such interaction, is skipped. Thus the function of the two indications is different. The impacts to NFs of the two indications are further analyzed in Table 7.6-1.
Table 7.6-1: Impacts to NFs of Different Indications in Solution#14
	Impacts
	UE unaware
	User unaware

	GMLC impacts
	Receive UE unaware indication from LCS Client/NEF and send the indication to AMF.
	Receive user unaware indication from LCS Client/NEF and send the indication to AMF.

	NEF impacts
	Receive UE unaware indication from AF and send the indication to GMLC.
	Receive user unaware indication from AF and send the indication to GMLC.

	AMF impacts
	Receive UE unaware indication from GMLC and behave differently based on UE state:
UE in CM_CONNECTED: send the UE unaware indication to LMF.
UE in CM_IDLE: not to page UE and rejects the location request from GMLC or returns the latest UE location.
	Receive user unaware indication from GMLC and skip the privacy check which requires interaction with user is skipped.

	LMF impacts
	Receive UE unaware indication from AMF, select uplink positioning method (e.g. UL E-CID) based on the indication and send the network positioning message including UE unaware indication to RAN node.
	No

	RAN impacts
	Receive UE unaware indication from LMF and behave differently based on UE state:
UE in RRC_CONNECTED: RAN behaviour is not impacted.
UE in RRC_INACTIVE: not to page UE and reject the network positioning message.
	No



Based on the analyses in Table 7.6-1, user unaware indication requires the network to page UE when UE is in CM_IDLE or RRC_INACTIVE state during the positioning procedure which is not required by UE unaware indication. Thus the user unaware indication can only support user unawareness, the UE unaware indication can support both UE and user unawareness.
Editor's note:	The evaluation needs update based on conclusion in SA2#152E meeting.
[bookmark: _Toc104475711][bookmark: _Toc112995517][bookmark: _Toc117658332]* Next change * 
8	Conclusions
Editor's note:	This clause will capture conclusions from the study.
* End of changes * 
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