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Abstract of the contribution: FS_eLCS_Ph3 TR KI#1
1	Discussion
The FS_eLCS_Ph3 SID objectives reads
· [bookmark: _Hlk87257355]WT#1.1: Investigate potential architectural enhancements to location service (e.g., in scenarios like edge computing, and other), i.e. support Positioning Signalling via user plane.
[bookmark: _Hlk85614707]Based in WT1.1, TR 23.700-71 has KI#1 as: Key Issue #1:Architectural Enhancement to support User Plane positioning.
There are following legacy studies serving as reference:
TS 38.305: 
“An LMF may have a proprietary signalling connection to an SLP. The SLP is the SUPL entity responsible for positioning over the user plane.”  “Details of the signalling interaction between an LMF and SLP are outside the scope of this specification.”
TS 23.271: 
“NOTE 3:	The GMLC can have the SLP functionality or GMLC can be connected to the SLP.”
“NOTE 7:	the SLP, which may be an H-SLP, V-SLP or E-SLP, may optionally be associated with an E-SMLC in order to share assistance data for support of both control plane LCS and OMA SUPL for an operator who deploys both solutions. Interaction between the E-SMLC and SLP is outside the scope of this TS.”
For WT1.1, as per above statements, the SLP service interface (L1/Le) can be handled by GMLC in 5GS. The primary architectural enhancement should focus on the UE side interactions.
2 Proposal
[bookmark: _Hlk513714389][bookmark: _Hlk93055440]It is proposed to update TR 23.700-71 as follows
*** Start of changes ***
[bookmark: _Toc93305712]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[x]	3GPP TS 38.305: "Vocabulary for 3GPP Specifications".
[x1]	OMA-AD-SUPL-V2_0: "Secure User Plane Location Architecture Approved Version 2.0".
[x2]	OMA-TS-ULP-V2_0_6: "User Plane Location Protocol Approved Version 2.0.6".
[x3]	3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2".
[x4]	3GPP TS 37.355: “LTE Positioning Protocol (LPP)”

*** First change ***
6.0	Mapping Solutions to Key Issues
Table 6.0-1: Mapping Solutions to Key Issues
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*** Next change ***
[bookmark: _Toc93305721][bookmark: _Toc22214903][bookmark: _Toc23254036][bookmark: _Hlk92215149][bookmark: _Toc16839383][bookmark: _Toc23236015][bookmark: _Toc93305722]6.x	Solution #x: Discovery of User Plane service Cooperated with 3GPP LCS Features
6.X.1	Introduction
This solution addresses the KI “Key Issue #1:Architectural Enhancement to support User Plane positioning”.
[bookmark: _Toc16839384][bookmark: _Toc23236016][bookmark: _Toc93305723]6.X.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 signaling 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 with OMA User Plane specifications. 
With many features defined by OMA, since UE can’t take uplink measurements, to fulfill 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.x.2.1 LMF and LCUP can be deployed independently and can cooperate with each other

NOTE: Independent LMF and User Plane entities reuse legacy 3GPP and OMA specifications. They are out of this solution scope.
Independent LMF handles 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:


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: 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 performs the offload operation to switch the LPP traffic to User Plane.
LMF can provide information to UE, and allows the UE to establish a UP connection to a proper LCUP through the following means:
1. LMF can send SUPL INIT to UE through OME-defined push mechanisms and activate the UP session with its cooperated LCUP.
2. Since different push mechanisms are hard to choose for different devices and different use cases (emergency with UDP push, IMS with SIP push, etc), 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. For cases that UE supports User Plane but doesn’t support LPP, 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
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 signaled 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 signaling.
Such capability information could be transferred to LMF from:
1. AMF in the DetermineLocation Request enhancement when UE provides the UP capability during regisration.
2. Provided in the LPP message to LMF in capabilities exchange
As per [x1][x2], UE could use pre-configured FQDN and/or runtime parameter(s) received in SUPL INIT or LPP assistance 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 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. 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 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. Through BSF or co-location with GMLC/LRF/RDF to fetch SIP header in emergency IMS case, LMF could maintain its serving UE IP list to decide the DNS query result. 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 assistance delivery
4. With knowledge of LCUP service, URSP configured in the UE may indicate which 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 means 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.
4. LMF can also use Namf_Communication_N1N2MessageTransfer to AMF which forwards LCUP info to UE with DL NAS TRANSPORT.
3. 
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: _Toc16839385][bookmark: _Toc23236017][bookmark: _Toc93305724]6.X.3	Procedures
[bookmark: _Toc16839386][bookmark: _Toc23236018]6.x.3.1 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 [19] 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.x.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.
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.
6.x.3.2 LMF Activates UE with UP Connection to LCUP



1. URSP rules can be provisioned as an example in TS 23.503:
 
	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
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.
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
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, EASDF attached UE ip in ECS field and forward the DNS query to related LMF/LCUP instances. The serving LMF/LCUP instance could match UE ip among its serving UE requests and reply its LCUP address. This address is the correct LCUP instance that UE should establish user plane session.
10. DNS result is replied to UE
11. UE continues to establish secure user plane session


Editor's Note: Further details are FFS
[bookmark: _Toc93305725]6.X.4	Impacts on services, entities, and interfaces
Editor's Note: Any further possible impacts are FFS

*** End of changes ***
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