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1. 
Introduction
At RAN2#99 positioning support for NG-RAN in Release 15 was discussed with the following agreements [1]:

1. The full scope of LPP shall be supported by NR System Architecture and NR devices.

2. LPP messages are transported in NAS messages which in NR RRC (similar to LTE RRC).

3. Support for UTDOA method in NR may be revisited in further releases after further progress in SA2 work.

4. Positioning network elements (UE, NG-RAN, AMF, LMF) in the positioning related architecture in TS 23.501 should be used as the basis for positioning support for NG-RAN in Release 15. 

5. TS 38.305 will define stage 2 positioning for NG-RAN for both NR and E-UTRA access.

A skeleton for Stage 2 3GPP TS 38.305 was endorsed in [2].

This contribution proposes initial content for clause 5 of the skeleton Stage 2.

Changes from R2-1712474 (RAN2#100) are shown in yellow highlight (these are based on progress in SA2).
2. 
Discussion

Clause 5 of TS 38.305 covers NG-RAN UE Positioning Architecture. It is proposed to base this on the NG-RAN architecture in 3GPP TS 38.300 [4], the 5GC architecture in 3GPP TS 23.501 [5] and content of 3GPP TS 36.305 [3] that is applicable to NG-RAN.
The architecture is essentially the same as in 36.305, but with replacing the E-SMLC with an LMF, and the MME with an AMF, and with the NG-RAN including two nodes, the gNB and the ng-eNB, which however, may not always both be present.
3. 
Proposal

It is proposed to include the attached text proposal in 3GPP TS 38.305. 
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5
NG-RAN UE Positioning Architecture

5.1
Architecture

Figure 5.1-1 shows the architecture in NG-RAN applicable to positioning of a UE with NR or LTE access. 

The AMF receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC) or the AMF itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in [34]. The AMF then sends a location services request to an LMF. The LMF processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. The LMF then returns the result of the location service back to the AMF (e.g., a position estimate for the UE and/or an indication of any assistance data transferred to the UE). In the case of a location service requested by an entity other than the AMF (e.g., a GMLC), the AMF returns the location service result to this entity.

An ng-eNB may control several TPs, such as remote radio heads, or PRS-only TPs for support of PRS-based TBS for E-UTRA.
An LMF may have a signaling connection to an E-SMLC which may enable an LMF to access information from E-UTRAN (e.g. to support the OTDOA for E-UTRA positioning method using downlink measurements obtained by a target UE of signals from eNBs and/or PRS-only TPs in E-UTRAN). Details of the signaling interaction between an LMF and E-SMLC are outside the scope of this specification.

An LMF may have a signaling connection to an SLP. The SLP is the SUPL entity responsible for positioning over the user plane.  Further details of user-plane positioning are provided in [33].
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Figure 5.1-1: UE Positioning Architecture applicable to NG-RAN

Note 1:
The gNB and ng-eNB may not always both be present.

Note 2:
When both the gNB and ng-eNB are present, the NG-C interface is only present for one of them.


5.2
UE Positioning Operations


To support positioning of a target UE and delivery of location assistance data to a UE with NG-RAN access in 5GS, location related functions are distributed as shown in the architecture in Figure 5.1-1 and as clarified in greater detail in TS 23.501 [2]. The overall sequence of events applicable to the UE, NG-RAN and LMF for any location service is shown in Figure 5.2-1.

Note that when the AMF receives a Location Service Request in case of the UE is in CM-IDLE state, the AMF performs a network triggered service request as defined in TS 23.502 [34] in order to establish a signalling connection with the UE and assign a specific serving gNB or ng-eNB. The UE is assumed to be in connected mode before the beginning of the flow shown in the Figure 5.2-1; that is, any signalling that might be required to bring the UE to connected mode prior to step 1a is not shown. The signaling connection may, however, be later released (e.g. by the NG-RAN as a result of signaling and data inactivity) while positioning is still ongoing.
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Figure 5.2-1: Location Service Support by NG-RAN
1a.
Either: some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF.

1b.
Or: the serving AMF for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).

2.
The AMF transfers the location service request to an LMF.

3a.
The LMF instigates location procedures with the serving ng-eNB or gNB in the NG-RAN – e.g. to obtain positioning measurements or assistance data.

3b.
In addition to step 3a or instead of step 3a, for downlink positioning the LMF instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.

4.
The LMF provides a location service response to the AMF and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.

5a.
If step 1a was performed, the AMF returns a location service response to the 5GC entity in step 1a and includes any needed results – e.g. a location estimate for the UE.

5b.
If step 1b occurred, the AMF uses the location service response received in step 4 to assist the service that triggered this in step 1b (e.g. may provide a location estimate associated with an emergency call to a GMLC).

Location procedures applicable to NG-RAN occur in steps 3a and 3b in Figure 5.2-1 and are defined in greater detail in this specification. Other steps in Figure 5.2-1 are applicable only to the 5GC and are described in greater detail and in TS 23.502 [34].

Steps 3a and 3b can involve the use of different position methods to obtain location related measurements for a target UE and from these compute a location estimate and possibly additional information like velocity. Positioning methods supported in this release are summarized in clause 4.3 and described in detail in clause 8.

The case that the NG-RAN functions as an LCS client is not supported in this version of the specification.
5.3
NG-RAN Positioning Operations 

Separately from location service support for particular UEs, an LMF may interact with elements in the NG-RAN in order to obtain measurement information to help assist one or more position methods for all UEs.

5.3.1
OTDOA Position Method Support

An LMF can interact with any ng-eNB reachable from any of the AMFs with signaling access to the LMF in order to obtain location related information to support the OTDOA for E-UTRA position method, including PRS-based TBS for E-UTRA. The information can include timing information for the TP in relation to either absolute GNSS time or timing of other TPs and information about the supported cells and TPs including PRS schedule.

Signalling access between the LMF and ng-eNB may be via any AMF with signalling access to both the LMF and ng‑eNB. In the case of an ng-eNB with no signalling access to an AMF, signalling access between the LMF and ng‑eNB may be via any AMF with signalling access to both the LMF and a gNB with signalling access to the ng-eNB.
5.4
Functional Description of Elements Related to UE Positioning in NG-RAN 

5.4.1
User Equipment (UE)

The UE may make measurements of downlink signals from NG-RAN and other sources such as E-UTRAN, different GNSS and TBS systems, WLAN access points, Bluetooth beacons, and UE barometric sensors. The measurements to be made will be determined by the chosen positioning method.

The UE may also contain LCS applications, or access an LCS application either through communication with a network accessed by the UE or through another application residing in the UE. This LCS application may include the needed measurement and calculation functions to determine the UE's position with or without network assistance. This is outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its position, independent of the NG-RAN transmissions. The UE with an independent positioning function may also make use of assistance information obtained from the network.

5.4.2
gNB
The gNB is a network element of NG-RAN that may provide measurement information for a target UE and communicates this information to an LMF.
NOTE:
In this release of the specification, a gNB does not provide measurements for NR except for an NR cell.
5.4.3
ng-eNB
The ng-eNB is a network element of NG-RAN that may provide measurement results for position estimation and makes measurements of radio signals for a target UE and communicates these measurements to an LMF.

The ng-eNB makes its measurements in response to requests from the LMF (on demand or periodically).

An ng-eNB may serve several TPs, including for example remote radio heads and PRS-only TPs for PRS-based TBS positioning for E-UTRA.

5.4.4
Location Management Function (LMF)

The LMF manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs. The LMF may interact with the serving gNB or serving ng-eNB for a target UE in order to obtain position measurements for the UE, including uplink measurements made by an ng-eNB and downlink measurements made by the UE that were provided to an ng-eNB as part of other functions such as for support of handover.

The LMF may interact with a target UE in order to deliver assistance data if requested for a particular location service, or to obtain a location estimate if that was requested.

For positioning of a target UE, the LMF decides on the position methods to be used, based on factors that may include the LCS Client type, the required QoS, UE positioning capabilities, gNB positioning capabilities and ng-eNB positioning capabilities. The LMF then invokes these positioning methods in the UE, serving gNB and/or serving ng-eNB. The positioning methods may yield a location estimate for UE-based position methods and/or positioning measurements for UE-assisted and network-based position methods. The LMF may combine all the received results and determine a single location estimate for the target UE (hybrid positioning). Additional information like accuracy of the location estimate and velocity may also be determined.
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