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1. 
Introduction

The positioning architecture applicable to NG-RAN for Release 15 is defined in TS 38.305 [1]. This architecture and its associated high level procedures may be extended in Release 16 to support new position methods added in Release 16 (e.g. new NR RAT dependent position methods). A small extension of the architecture in Release 15 is described here together with some new high level procedures and are proposed to be included for Release 16.
2. 
Extended NG-RAN Positioning Architecture
The extended architecture is shown in Figure 1 which is based on Figure 5.1-1 in TS 38.305 [1] with the additions shown in red. Protocols and associated procedures between pairs of elements in Figure 1 which can be extended in Release 16 are shown by the light blue arrows with an indication of the sections below which elaborate on this.
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Figure 1: Extended Positioning Architecture applicable to NG-RAN 

NOTE 1:
The gNBs and ng-eNB may not always both be present.

NOTE 2:
When both the gNBs and ng-eNB are present, the NG-C interface is only present for one of them (FFS).

Additions shown in Figure 1 comprise the following.

-
Allow a gNB to control one or more Transmission Points (TPs), such as remote radio heads, or broadcast-only TPs for improved support of DL position methods such as OTDOA or ECID.
-
Allow a gNB to control one or more Reception Points (RPs), such as remote radio heads or internal Location Measurement Units (LMUs) for UL measurements for position methods such as UTDOA or ECID.
-
Allow a gNB to include a Location Management Component (LMC) to support positioning of a target UE by a serving gNB. Positioning of a UE by a serving gNB can be used to provide a location service to a UE, serving AMF or LMF and to improve NG-RAN operation – e.g. by assisting with handover and distribution of UEs among available NG-RAN nodes.
Observation 1:
The NG-RAN architecture in Release 15 can be extended in Release 16 to allow optional support of Transmission Points (TPs), Reception Points (RPs) and a Location Management Component (LMC) in gNBs. TPs can be used to inprove support of NR DL position methods such as OTDOA or ECID. An LMC can be used to enable gNBs to determine a UE location which can be used to provide a location service to a UE, serving AMF or LMF and to improve NG-RAN operation.

3. 
Carryover of Existing Capabilities from Release 15 
It is proposed to reuse the following capabilities from Release 15: 

-
UE Positioning Operations to support location of a UE by an LMF (TS 38.305 clause 5.2).
-
Signalling between a UE and LMF (TS 38.305 clause 6.4).
-
Signalling between an LMF and NG-RAN node (TS 38.305 clause 6.5) .
Observation 2:
Existing NG-RAN capabilities in Release 15 for support of UE location, signalling between a UE and LMF and signalling between an NG-RAN node and LMF can be reused in Release 16.

4. 
LMC Capability 
A new Location Management Component (LMC) is proposed as an option for a gNB. An LMC may perform the following functions. 

-
Request location measurements from the UE (e.g. using RRC).
-
Manage UL location measurements by the gNB of the UE.
-
Provide cell database assistance data and UL location measurements to a UE for UE-based position methods. 

-
Manage static and dynamic scheduling of PRS broadcast and broadcast of assistance data by the gNB.
-
Interact with peer LMCs in neighboring gNBs (e.g. using XnAP) to coordinate location support (e.g. exchange location measurements for a UE or coordinate changes to PRS broadcast).
-
Determine a location estimate for a UE.
-
Provide a location service capability to a serving AMF (e.g. using NGAP).
-
Provide a location service capability to an LMF (e.g. using NRPPa).
-
Provide a location service capability to a UE (e.g. using RRC).
NOTE:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.

Peer level LMCs could communicate using XnAP or a location specific protocol above XnAP in order to coordinate support of these functions. 

An LMC can allow NG-RAN determination of a UE location which can be requested by the UE (e.g. using RRC), by a serving AMF (e.g. using NGAP), by another gNB (e.g. using XnAP) or by an LMF (e.g. using NRPPa). Such a capability would allow location support without the need for an LMF (or GMLC) in the 5GCN and can also be used to reduce latency in position determination (since the NG-RAN is closer to a UE than an LMF) and offload location support from LMFs.
Observation 3:
An LMC in a gNB can be used to support location services without the need for an LMF (or GMLC) in a 5GCN and can also be used to reduce latency in position determination and increase location capacity by offloading location support from LMFs.
5. 
Signalling between an AMF and NG-RAN Node

5.1
Protocol Layering 

Protocol layering between an AMF and serving NG-RAN node can remain as defined in TS 38.300 clause 4.3.1.2 [2] and TS 23.501 clause 8.2.1.2 [3] and can make use of NGAP at the top level as defined in TS 38.413 [4].
5.2
Location Reporting Procedure 

The NG-RAN location reporting procedure for Rel-15 is defined in TS 23.502 clause 4.10 [5] and in TS 38.413 clause 8.12 [4] and enables a serving AMF to request a serving NG-RAN node to report the UE location once only, periodically on a change of serving cell or periodically when a UE presence in an area of interest has changed. The location provided by the serving NG-RAN node comprises an NR or E-UTRA CGI and a Tracking Area Identity.
It is proposed to extend this procedure as follows: 

-
Add an optional QoS parameter to a Location Reporting Control message to enable a serving AMF to request a more accurate location than that corresponding to a CGI.
-
Add an optional list of supported GAD shapes in a Location Reporting Control message.
-
Allow the serving NG-RAN node to obtain a more accurate UE location when a QoS is provided (e.g. using ECID).
-
Return a UE location using a GAD shape when requested in a Location Reporting Control message.
The extended procedure is shown in Figure 2 which is based on the stage 2 description in TS 23.502 clause 4.10 [5] with changes shown in red. 
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Figure 2: Extended NG-RAN Location Reporting Procedure

1.
AMF to NG-RAN: Location Reporting Control (Reporting Type, Location Reporting Level, (Area Of Interest, Request Reference ID), QoS, Supported GAD shapes).


The AMF sends a Location Reporting Control message to the NG-RAN. The Location Reporting Control message shall identify the UE for which reports are requested and may include Reporting Type, Location Reporting Level, Area Of Interest, QoS, Supported GAD shapes, and Request Reference ID. Location Reporting Level could be TAI+ Cell Identity or GAD. Reporting Type indicates whether the message is intended to trigger a single standalone report about the current Cell Identity serving the UE or start the NG-RAN to report whenever the UE changes cell, or ask the NG-RAN to report whenever the UE moves out or into the Area Of Interest. If the Reporting Type indicates to start the NG-RAN to report when UE moves out of or into the Area Of Interest, the AMF also provides the requested Area Of Interest information in the Location Reporting Control message. The AMF may include a Request Reference ID in the Location Report Control message to identify the request of reporting for an Area Of Interest. If multiple Areas Of Interest are included in the message, the Request Reference ID identifies each Area of Interest. The QoS indicates a required location accuracy and response time and may only be included when the Location Reporting Level indicates GAD. The Supported GAD shapes indicate the allowed GAD shapes for location reporting and may only be included when the Location Reporting Level indicates GAD.
2.
If a QoS was requested at step 1 which cannot be supported using a CGI, the NG-RAN determines a UE location corresponding to the QoS using one or more position methods which may be network based, UE-assisted or UE‑based. As part of UE positioning, the NG-RAN shall perform NG-RAN paging when the UE is in CM-CONNECTED with RRC Inactive state.
3.
NG-RAN to AMF: Location Report (UE Location, UE Presence in Area Of Interest, Request Reference ID, Timestamp, QoS attained).


The NG-RAN sends a Location Report message informing the AMF about the location of the UE which shall be represented as the requested Location Reporting Level and according to the Supported GAD shapes if requested at step 1 when the requested Location Reporting Level indicates GAD. The NG-RAN also indicates whether any requested QoS was attained.

When UE is in CM-CONNECTED with RRC Inactive state, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type indicating single stand-alone report, the NG-RAN shall perform NG-RAN paging before reporting the location to AMF if not previously performed as part of step 2.

When UE is in CM-CONNECTED with RRC Inactive state, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type indicating continuously reporting whenever the UE changes cell, the NG-RAN shall send a Location Report message to the AMF including the UE's last known location with time stamp.

When UE is in CM-CONNECTED, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type of Area Of Interest based reporting, the NG-RAN shall track the UE presence in Area Of Interest and send a Location Report message to AMF including the UE Presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) as described in clause D.2 and the UE's current location (when the UE is in RRC Connected state) or the UE's last known location with time stamp (when the UE is in RRC Inactive state) if the NG-RAN perceives that the UE presence in the Area Of Interest is different from the last one reported. When the NG-RAN detects that the UE has moved out of or into multiple areas of interest, it sends multiple pairs of UE Presence in the Area Of Interest and the Request Reference ID in one Location Report message to AMF. If UE transitions from RRC Inactive state to RRC Connected state, NG-RAN shall check the latest location of UE and follow the rules when UE is in RRC Connected.
4.
AMF to NG-RAN: Cancel Location Report (Reporting Type, Request Reference ID).


The AMF can send a Cancel Location Reporting message to inform the NG-RAN that it should terminate the location reporting for a given UE corresponding to the Reporting Type or the location reporting for Area Of Interest indicated by Request Reference ID. This message is needed when the reporting type was requested for continuously reporting or for the Area Of Interest. The AMF may include the Request Reference ID which indicates the requested Location Reporting Control for the Area Of Interest, so that the NG-RAN should terminate the location reporting for the Area Of Interest.

NOTE:
Location reporting related information of the source NG-RAN node is transferred to the target NG-RAN node during Xn handover. 

Observation 4:
The extended Location Reporting procedure can be used by a serving AMF to request and obtain a more accurate UE location than that possible using a CGI and/or a UE location in the form of a GAD shape rather than a CGI.

Observation 5:
The extended Location Reporting procedure can be supported by an LMC in a gNB.

6. 
Signalling between a gNB and UE

6.1
Protocol Layering 

Protocol layering between a gNB and UE can remain as defined in TS 38.300 clause 4.4.2 [2] which uses RRC as defined in TS 38.331 [6] at the top level. New messages to support positioning procedures between a UE and gNB can be added at the RRC level.

In case of adding position methods that are identical to position methods supported between an LMF and UE (e.g. using LPP), parameters in the positioning protocol (e.g. LPP) used between the LMF and UE could be copied or imported into RRC to reduce implementation impact.

6.2
Location Procedures 

Location procedures between a serving gNB and UE can be defined to support one or more of the following functions. 

-
Request location measurements from a target UE by a serving gNB (Note 1).
-
Request assistance data by a target UE from a serving gNB to assist location measurements by the target UE.
-
Request location measurements by a target UE from a serving gNB (Note 2).
-
Provide assistance data by a target UE to a serving gNB to assist UL location measurements. For example, assistance data can include information on the content and timing of UL PRS, other UL signaling or UL data which the UE will later transmit and which the serving gNB may need to send in advance to other gNBs.
-
Request a change in DL PRS broadcast scheduling and configuration by a UE to a serving gNB.
-
Request a change in scheduling and resources for broadcast of location information by a UE to a serving gNB.
NOTE 1:
The location measurements can be measurements of DL signals from the serving gNB and/or from neighbour gNBs or may be other measurements including RAT dependent and RAT independent measurements.
NOTE 2:
The location measurements can be measurements of UL UE signals obtained by the serving gNB and/or neighbour gNBs or may be other measurements including RAT independent measurements (e.g. barometric pressure at the location of the serving gNB).
NOTE 3:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.

Since the location procedures would be supported via direct communication between the serving gNB and UE without any immediate entities, latency can be reduced and capacity can be increased in comparison to a centralized location capability supported by an LMF in the 5GCN.
Observation 6:
Location procedures between a UE and serving gNB can be used by a serving gNB or UE to obtain the UE location. Such location procedures may enable lower latency and higher capacity than that possible using an LMF in the 5GCN. 

7. 
Signalling between a gNB and LMF

7.1
Protocol Layering 

Protocol layering and message transfer between a gNB and LMF can remain as defined in TS 38.305 clause 6.5 which uses NRPPa as defined in TS 38.455 [9] as the top level. New NRPPa message and parameters can be added in Release 16 to support new NR RAT dependent position methods and other new positioning capabilities.
7.2
Location Procedures 

New location procedures between a gNB and LMF can be defined to support one or more of the following functions. 

-
Request a UE location by an LMF from a serving gNB in which the serving gNB (e.g. using an LMC) computes the UE location or obtains the UE location from the UE. 
-
Request cell database information by an LMF from a gNB to support NR RAT dependent position methods.
-
Request UL measurements by an LMF from a gNB for a target UE for NR RAT dependent position methods. This may also include obtaining DL measurements provided by a UE to a serving gNB.

-
Manage and coordinate UL position measurements of a target UE by an LMF among multiple gNBs to support NR RAT dependent position methods (e.g. UTDOA, ECID) (NOTE 2).
-
Provide location assistance data by an LMF to a gNB for broadcast in SI messages.
-
Request changes in PRS broadcast (e.g. periodicity, bandwidth) in a coordinated manner by an LMF among multiple gNBs (NOTE 2).
NOTE 1:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.

NOTE 2:
LMF control of UL position measurements and DL PRS broadcast may be limited due to lack of LMF knowledge of UL and DL radio resource allocation.
Observation 7:
Location procedures between a gNB and an LMF can be used by an LMF to obtain UE location measurements, a UE location or cell database information from a gNB and can also be used by an LMF to transfer broadcast assistance data to a gNB and to coordinate UL location measurements and PRS broadcast among multiple gNBs.
8. 
Signalling between gNBs 

8.1
Protocol Layering 

Protocol layering between a pair of gNBs can remain as defined in TS 38.300 clause 4.3.2.2 [2] which uses XnAP at the top level as defined in TS 38.423 [8]. New messages to support positioning could be added directly into XnAP or could be included in a new location specific protocol which is transported using XnAP.

8.2
Location Procedures 

Location procedures between pairs of gNBs can be defined to support one or more of the following functions. 

-
Request UL measurements for a target UE by a serving gNB from a neighbour gNB. 
-
Provide assistance data for a target UE by a serving gNB to a neighbour gNB to assist UL measurements of the target UE by the neighbour gNB.
-
Request a change in DL PRS broadcast scheduling and configuration by one gNB to a neighbour gNB. 

-
Request a change in scheduling and resources for broadcast of location information by one gNB to a neighbour gNB.
NOTE 1:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.

NOTE 2:
Signaling between gNBs to support location could be extended in a later release to ng-eNBs.
Location procedures between gNBs can be used to obtain location measurements at a serving gNB from neighbour gNBs which can be used to increase location accuracy and reliability. Location procedures can also be used to coordinate changes in DL PRS broadcast (e.g. to increase or reduce PRS bandwidth and periodicity) and changes in broadcast of location assistance data – e.g. to help support dynamic PRS broadcast and dynamic provision of location assistance data.
Observation 8:
Location procedures between pairs of gNBs can be used to increase location accuracy and reliability and to coordinate changes in DL PRS broadcast and broadcast of location assistance data. 

9. 
Signalling between an LMF and UE

9.1
Protocol Layering 

Protocol layering and message transfer between an LMF and UE can remain as defined in TS 38.305 clause 6.4 which uses LPP as defined in TS 36.355 [10] as the top level. It still needs to be determined whether LPP will continue to be used in Release 16 or will be replaced or augmented with a new NR Positioning Protocol (NPP). However, in all cases, protocol layering can remain as defined in TS 38.305 clause 6.4 with just the top-level protocol being possibly different. 

9.2
Location Procedures 

New location procedures between an LMF and UE can be defined to support new NR RAT dependent position methods. Examples of such position methods can include: 

-
Observed Time Difference of Arrival (OTDOA).
-
Enhanced Cell ID (ECID).
-
Uplink Time Difference of Arrival (UTDOA) (NOTE).
NOTE:
UTDOA support by an LMF using LPP may be less effective than support by a gNB using RRC due to lack of LMF knowledge of UL radio resource allocation.
Observation 9:
New NR RAT dependent position methods can be supported between a UE and LMF using LPP and/or a new NPP. 
10. 
Proposal 

The following observations have been made. 

Observation 1:
The NG-RAN architecture in Release 15 can be extended in Release 16 to allow optional support of Transmission Points (TPs), Reception Points (RPs) and a Location Management Component (LMC) in gNBs. TPs can be used to inprove support of NR DL position methods such as OTDOA or ECID. An LMC can be used to enable gNBs to determine a UE location which can be used to provide a location service to a UE, serving AMF or LMF and to improve NG-RAN operation.

Observation 2:
Existing NG-RAN capabilities in Release 15 for support of UE location, signalling between a UE and LMF and signalling between an NG-RAN node and LMF can be reused in Release 16.

Observation 3:
An LMC in a gNB can be used to support location services without the need for an LMF (or GMLC) in a 5GCN and can also be used to reduce latency in position determination and increase location capacity by offloading location support from LMFs.

Observation 4:
The extended Location Reporting procedure can be used by a serving AMF to request and obtain a more accurate UE location than that possible using a CGI and/or a UE location in the form of a GAD shape rather than a CGI.

Observation 5:
The extended Location Reporting procedure can be supported by an LMC in a gNB.

Observation 6:
Location procedures between a UE and serving gNB can be used by a serving gNB or UE to obtain the UE location. Such location procedures may enable lower latency and higher capacity than that possible using an LMF in the 5GCN.
Observation 7:
Location procedures between a gNB and an LMF can be used by an LMF to obtain UE location measurements, a UE location or cell database information from a gNB and can also be used by an LMF to transfer broadcast assistance data to a gNB and to coordinate UL location measurements and PRS broadcast among multiple gNBs.

Observation 8:
Location procedures between pairs of gNBs can be used to increase location accuracy and reliability and to coordinate changes in DL PRS broadcast and broadcast of location assistance data.

Observation 9:
New NR RAT dependent position methods can be supported between a UE and LMF using LPP and/or a new NPP. 
Based on these observations, the following proposals are provided to extend the NG-RAN positioning architecture and procedures. 
Proposal 1:
Allow a gNB to optionally include TPs, RPs and an LMC.
Proposal 2:
Define an extended NG-RAN Location Reporting procedure between an AMF and NG-RAN node as in section 5.
Proposal 3:
Support new location procedures between a gNB and UE using RRC (Note).
Proposal 4:
Support new location procedures between a gNB and LMF using NRPPa (Note).
Proposal 5:
Support new location procedures between pairs of gNBs using XnAP or a new protocol above XnAP (Note).
Proposal 6:
Support new NR RAT dependent position methods between an LMF and a UE using LPP or a new LPP (Note).
NOTE:
Details of the new location procedures and position methods are FFS.
It is proposed to capture the above proposals in TR 38.855 according to the TP contained in the Appendix which aligns with the description above except for the removal of the observations and section references in Figure 1 and some restructuring and editorial change to fit the organization of TR 38.855.
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Appendix - Text Proposal to TR 38.855
**** FIRST CHANGE ****

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. 

[x1]
3GPP TR 36.355: "LTE Positioning Protocol (LPP)".

[y1]
3GPP TS 38.305, "Stage 2 functional specification of User Equipment (UE) positioning in NG‑RAN".

[y2]
3GPP TS38.300, "NR; NR and NG-RAN Overall Description; Stage 2".
[y3]
3GPP TS 23.501, "System Architecture for the 5G System; Stage 2".

[y4]
3GPP TS 38.413, "NG-RAN; NG Application Protocol (NGAP)".

[y5]
3GPP TS 23.502, "Procedures for the 5G System; Stage 2".

[y6]
3GPP TS 38.331, "NR; Radio Resource Control (RRC) protocol specification".

[y7]
3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".

[y8]
3GPP TS 38.423, "NG-RAN; Xn application protocol (XnAP)".
[y9]
3GPP TS 38.455, "NG-RAN; NR Positioning Protocol A (NRPPa)".
**** NEXT CHANGE ****

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] 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 [2].

CID
Cell ID

ECID
Enhanced Cell ID

GNSS
Global Navigation Satellite System

LCS

LoCation Services

LMC
Location Management Component 

LMF
Location Management Function
LPP
LTE Positioning Protocol
NPP
NR Positioning Protocol
OTDOA
Observed Time Of Arrival

PRS
Positioning Reference Signal
RP
Reception Point
TBS
Terrestrial Beacon System

TP
Transmission Point

UTDOA
Uplink Time Of Arrival

WLAN
Wireless Local Area Network

**** NEXT CHANGE ****

9.2
Procedure and protocol aspects

9.2.x
Extended Location Reporting Procedure 

The NG-RAN location reporting procedure for Rel-15 is defined in TS 23.502 clause 4.10 [y5] and in TS 38.413 clause 8.12 [y4] and enables a serving AMF to request a serving NG-RAN node to report the UE location once only, periodically on a change of serving cell or periodically when a UE presence in an area of interest has changed. The location provided by the serving NG-RAN node comprises an NR or E-UTRA CGI and a Tracking Area Identity.

This procedure can be extended as follows: 

-
Add an optional QoS parameter to a Location Reporting Control message to enable a serving AMF to request a more accurate location than that corresponding to a CGI.
-
Add an optional list of supported GAD shapes in a Location Reporting Control message.
-
Allow the serving NG-RAN node to obtain a more accurate UE location when a QoS is provided (e.g. using ECID).
-
Return a UE location using a GAD shape when requested in a Location Reporting Control message.
The extended procedure is shown in Figure 9.2.x-1 which is based on the stage 2 description in TS 23.502 clause 4.10 [y5] with changes shown in red. 
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Figure 9.2.x-1: Extended NG-RAN Location Reporting Procedure

1.
AMF to NG-RAN: Location Reporting Control (Reporting Type, Location Reporting Level, (Area Of Interest, Request Reference ID), QoS, Supported GAD shapes).


The AMF sends a Location Reporting Control message to the NG-RAN. The Location Reporting Control message shall identify the UE for which reports are requested and may include Reporting Type, Location Reporting Level, Area Of Interest, QoS, Supported GAD shapes, and Request Reference ID. Location Reporting Level could be TAI+ Cell Identity or GAD. Reporting Type indicates whether the message is intended to trigger a single standalone report about the current Cell Identity serving the UE or start the NG-RAN to report whenever the UE changes cell, or ask the NG-RAN to report whenever the UE moves out or into the Area Of Interest. If the Reporting Type indicates to start the NG-RAN to report when UE moves out of or into the Area Of Interest, the AMF also provides the requested Area Of Interest information in the Location Reporting Control message. The AMF may include a Request Reference ID in the Location Report Control message to identify the request of reporting for an Area Of Interest. If multiple Areas Of Interest are included in the message, the Request Reference ID identifies each Area of Interest. The QoS indicates a required location accuracy and response time and may only be included when the Location Reporting Level indicates GAD. The Supported GAD shapes indicate the allowed GAD shapes for location reporting and may only be included when the Location Reporting Level indicates GAD.

2.
If a QoS was requested at step 1 which cannot be supported using a CGI, the NG-RAN determines a UE location corresponding to the QoS using one or more position methods which may be network based, UE-assisted or UE‑based. As part of UE positioning, the NG-RAN shall perform NG-RAN paging when the UE is in CM‑CONNECTED with RRC Inactive state.

3.
NG-RAN to AMF: Location Report (UE Location, UE Presence in Area Of Interest, Request Reference ID, Timestamp, QoS attained).


The NG-RAN sends a Location Report message informing the AMF about the location of the UE which shall be represented as the requested Location Reporting Level and according to the Supported GAD shapes if requested at step 1 when the requested Location Reporting Level indicates GAD. The NG-RAN also indicates whether any requested QoS was attained.

When UE is in CM-CONNECTED with RRC Inactive state, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type indicating single stand-alone report, the NG-RAN shall perform NG-RAN paging before reporting the location to AMF if not previously performed as part of step 2.

When UE is in CM-CONNECTED with RRC Inactive state, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type indicating continuously reporting whenever the UE changes cell, the NG-RAN shall send a Location Report message to the AMF including the UE's last known location with time stamp.

When UE is in CM-CONNECTED, if NG-RAN has received Location Reporting Control message from AMF with the Reporting Type of Area Of Interest based reporting, the NG-RAN shall track the UE presence in Area Of Interest and send a Location Report message to AMF including the UE Presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) as described in clause D.2 and the UE's current location (when the UE is in RRC Connected state) or the UE's last known location with time stamp (when the UE is in RRC Inactive state) if the NG-RAN perceives that the UE presence in the Area Of Interest is different from the last one reported. When the NG-RAN detects that the UE has moved out of or into multiple areas of interest, it sends multiple pairs of UE Presence in the Area Of Interest and the Request Reference ID in one Location Report message to AMF. If UE transitions from RRC Inactive state to RRC Connected state, NG-RAN shall check the latest location of UE and follow the rules when UE is in RRC Connected.
4.
AMF to NG-RAN: Cancel Location Report (Reporting Type, Request Reference ID).


The AMF can send a Cancel Location Reporting message to inform the NG-RAN that it should terminate the location reporting for a given UE corresponding to the Reporting Type or the location reporting for Area Of Interest indicated by Request Reference ID. This message is needed when the reporting type was requested for continuously reporting or for the Area Of Interest. The AMF may include the Request Reference ID which indicates the requested Location Reporting Control for the Area Of Interest, so that the NG-RAN should terminate the location reporting for the Area Of Interest.

NOTE:
Location reporting related information of the source NG-RAN node is transferred to the target NG-RAN node during Xn handover. 

**** NEXT CHANGE ****

9.3 
Architecture aspects
9.3.x
Extended NG-RAN Positioning ArchitectureThe positioning architecture applicable to NG-RAN for Release 15 is defined in TS 38.305 [y1]. This architecture and its associated high level procedures may be extended as described here to support new position methods added in Release 16.
9.3.x.1

Architectural Description
The extended architecture is shown in Figure 9.3.x.1-1 which is based on Figure 5.1-1 in TS 38.305 [y1] with the additions shown in red. 
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Figure 9.3.x.1-1: Extended Positioning Architecture applicable to NG-RAN. 

NOTE 1:
The gNBs and ng-eNB may not always both be present.

NOTE 2:
When both the gNBs and ng-eNB are present, the NG-C interface is only present for one of them (FFS).

Additions shown in Figure 9.3.x.1-1 comprise the following.

-
Allow a gNB to control one or more Transmission Points (TPs), such as remote radio heads, or broadcast-only TPs for improved support of DL position methods such as OTDOA or ECID.
-
Allow a gNB to control one or more Reception Points (RPs), such as remote radio heads or internal Location Measurement Units (LMUs) for UL measurements for position methods such as UTDOA or ECID.
-
Allow a gNB to include a Location Management Component (LMC) to support positioning of a target UE by a serving gNB. Positioning of a UE by a serving gNB can be used to provide a location service to a UE, serving AMF or LMF and to improve NG-RAN operation – e.g. by assisting with handover and distribution of UEs among available NG-RAN nodes.
9.3.x.2
Carryover of Existing Capabilities from Release 15 

The following capabilities from Release 15 canb be reused in Release 16.
-
UE Positioning Operations to support location of a UE by an LMF (TS 38.305 clause 5.2).
-
Signalling between a UE and LMF (TS 38.305 clause 6.4).
-
Signalling between an LMF and NG-RAN node (TS 38.305 clause 6.5).
9.3.x.3

LMC Capability 

A Location Management Component (LMC) is added as an option for a gNB. An LMC may perform the following functions. 

-
Request location measurements from the UE (e.g. using RRC).
-
Manage UL location measurements by the gNB of the UE.
-
Provide cell database assistance data and UL location measurements to a UE for UE-based position methods.
-
Manage static and dynamic scheduling of PRS broadcast and broadcast of assistance data by the gNB.
-
Interact with peer LMCs in neighboring gNBs (e.g. using XnAP) to coordinate location support (e.g. exchange location measurements for a UE or coordinate changes to PRS broadcast).
-
Determine a location estimate for a UE.
-
Provide a location service capability to a serving AMF (e.g. using NGAP).
-
Provide a location service capability to an LMF (e.g. using NRPPa).
-
Provide a location service capability to a UE (e.g. using RRC).
NOTE:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.

Peer level LMCs could communicate using XnAP or a location specific protocol above XnAP in order to coordinate support of these functions. 

An LMC can allow NG-RAN determination of a UE location which can be requested by the UE (e.g. using RRC), by a serving AMF (e,g. using NGAP), by another gNB (e.g. using XnAP) or by an LMF (e.g. using NRPPa). Such a capability would allow location support without the need for an LMF (or GMLC) in the 5GCN and can also be used to reduce latency in position determination (since the NG-RAN is closer to a UE than an LMF) and offload location support from LMFs.

9.3.x.4
Signalling between a gNB and UE

9.3.x.4.1
Protocol Layering 

Protocol layering between a gNB and UE can remain as defined in TS 38.300 clause 4.4.2 [y2] which uses RRC as defined in TS 38.331 [y6] at the top level. New messages to support positioning procedures between a UE and gNB can be added at the RRC level.
In case of adding position methods that are identical to position methods supported between an LMF and UE (e.g. using LPP), parameters in the positioning protocol (e.g. LPP) used between the LMF and UE could be copied or imported into RRC to reduce implementation impact.
9.3.x.4.2
Location Procedures 

Location procedures between a serving gNB and UE can be defined to support one or more of the following functions. 

-
Request location measurements from a target UE by a serving gNB (Note 1).
-
Request assistance data by a target UE from a serving gNB to assist location measurements by the target UE.
-
Request location measurements by a target UE from a serving gNB (Note 2).
-
Provide assistance data by a target UE to a serving gNB to assist UL location measurements. For example, assistance data can include information on the content and timing of UL PRS, other UL signaling or UL data which the UE will later transmit and which the serving gNB may need to send in advance to other gNBs.
-
Request a change in DL PRS broadcast scheduling and configuration by a UE to a serving gNB.
-
Request a change in scheduling and resources for broadcast of location information by a UE to a serving gNB.
NOTE 1:
The location measurements can be measurements of DL signals from the serving gNB and/or from neighbour gNBs or may be other measurements including RAT dependent and RAT independent measurements.
NOTE 2:
The location measurements can be measurements of UL UE signals obtained by the serving gNB and/or neighbour gNBs or may be other measurements including RAT independent measurements (e.g. barometric pressure at the location of the serving gNB).
NOTE 3:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.
Since the location procedures would be supported via direct communication between the serving gNB and UE without any immediate entities, latency can be reduced and capacity can be increased in comparison to a centralized location capability supported by an LMF in the 5GCN.
9.3.x.5
Signalling between a gNB and an LMF

9.3.x.5.1
Protocol Layering 

Protocol layering and message transfer between a gNB and LMF can remain as defined in TS 38.305 clause 6.5 which uses NRPPa as defined in TS 38.455 [y9] as the top level. New NRPPa message and parameters can be added in Release 16 to support new NR RAT dependent position methods and other new positioning capabilities.

9.2.x.5.2
Location Procedures 

New location procedures between a gNB and LMF can be defined to support one or more of the following functions. 

-
Request a UE location by an LMF from a serving gNB in which the serving gNB (e.g. using an LMC) computes the UE location or obtains the UE location from the UE. 

-
Request cell database information by an LMF from a gNB to support NR RAT dependent position methods.
-
Request UL measurements by an LMF from a gNB for a target UE for NR RAT dependent position methods. This may also include obtaining DL measurements provided by a UE to a serving gNB.

-
Manage and coordinate UL position measurements of a target UE by an LMF among multiple gNBs to support NR RAT dependent position methods (e.g. UTDOA, ECID) (NOTE 2).
-
Provide location assistance data by an LMF to a gNB for broadcast in SI messages.
-
Request changes in PRS broadcast (e.g. periodicity, bandwidth) in a coordinated manner by an LMF among multiple gNBs (NOTE 2).
NOTE 1:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.
NOTE 2:
LMF control of UL position measurements and DL PRS broadcast may be limited due to lack of LMF knowledge of UL and DL radio resource allocation.
9.3.x.6

Signalling between gNBs 

9.3.x.6.1
Protocol Layering 

Protocol layering between a pair of gNBs can remain as defined in TS 38.300 clause 4.3.2.2 [y2] which uses XnAP at the top level as defined in TS 38.423 [y8]. New messages to support positioning could be added directly into XnAP or could be included in a new location specific protocol which is transported using XnAP.

9.3.x.6.2
Location Procedures 

Location procedures between pairs of gNBs can be defined to support one or more of the following functions. 

-
Request UL measurements for a target UE by a serving gNB from a neighbour gNB. 

-
Provide assistance data for a target UE by a serving gNB to a neighbour gNB to assist UL measurements of the target UE by the neighbour gNB. 

-
Request a change in DL PRS broadcast scheduling and configuration by one gNB to a neighbour gNB. 

-
Request a change in scheduling and resources for broadcast of location information by one gNB to a neighbour gNB.
NOTE 1:
The above functions are provided as examples only. Further more detailed proposals will be needed to evaluate and agree on specific functions.

NOTE 2:
Signaling between gNBs to support location could be extended in a later release to ng-eNBs.
Location procedures between gNBs can be used to obtain location measurements at a serving gNB from neighbour gNBs which can be used to increase location accuracy and reliability. Location procedures can also be used to coordinate changes in DL PRS broadcast (e.g. to increase or reduce PRS bandwidth and periodicity) and changes in broadcast of location assistance data – e.g. to help support dynamic PRS broadcast and dynamic provision of location assistance data.
9.3.x.7

Signalling between an LMF and UE 

9.3.x.7.1
Protocol Layering 

Protocol layering and message transfer between an LMF and UE can remain as defined in TS 38.305 clause 6.4 [y1] which uses LPP as defined in TS 36.355 [1] as the top level. It still needs to be determined whether LPP will continue to be used in Release 16 or will be replaced or augmented with a new NR Positioning Protocol (NPP). However, in all cases, protocol layering can remain as defined in TS 38.305 clause 6.4 [y1] with just the top level protocol being possibly different. 

9.3.x.7.2
Location Procedures 

New location procedures between an LMF and UE can be defined to support new NR RAT dependent position methods. Examples of such position methods can include: 

-
Observed Time Difference of Arrival (OTDOA).
-
Enhanced Cell ID (ECID).
-
Uplink Time Difference of Arrival (UTDOA) (NOTE).
NOTE:
UTDOA support by an LMF using LPP may be less effective than support by a gNB using RRC due to lack of LMF knowledge of UL radio resource allocation.
**** END OF CHANGE ****
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