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	_v00: RAN2#122:

Sidelink Positioning:
Agreements:
Sidelink Positioning Architecture in Figure 1-4 on R2-2304301 is taken as baseline in TS 38.305 for further discussion.
RAN2 understanding is that there is no impact to LTE specs from this objective.

Integrity:
Agreement:
Capture the stage 2 impact for RAT-dependent integrity in section 7 of 38.305.  Initial running CR to be seen at next meeting, using R2-2302504 and R2-2303682 as baseline.

Working assumption:
It is left to LMF implementation to decide the measurement error source bound distribution based on the measurement results from UE and/or NG-RAN.

Agreements:
For UE-based integrity, the integrity parameters of error sources for RAT-dependent integrity are included in assistance data.
LPP Request/Provide Assistance Data are reused for retrieving the integrity parameters to the UE from the LMF.  The request is per positioning method (as in legacy operation) and the provided integrity parameters are as appropriate for the selected positioning method.
Use of posSIBs for integrity parameters is not excluded.

Agreements:
TRP related error source bounds can be provided to UE via dedicated LPP providing assistance message or posSIB.
Any interaction between the LMF and NG-RAN to support determination of error sources is in RAN3 scope.  Other aspects of determining the TRP error sources are left to deployment and implementation.
For UE-based RAT-dependent integrity, the PL and/or its corresponding TIR are provided to LMF as legacy, using the existing common LPP signalling from Rel-17.

Agreement:
LS to RAN1 to include a request for confirmation that the beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) are error sources for DL-AoD positioning.

_v01: RAN2#123:
Agreement:
For stage2 description of RAT-dependent integrity, move the section of “Integrity Principle of Operation” to a generic section that is not specific to positioning methods.

Agreements:
Represent the TRP and ARP location errors by a Gaussian paired over-bounding.
Represent the RTD errors by a Gaussian paired over-bounding.

_v02: RAN2#123 (R2-2309207):

Sidelink Positioning:
Added TPs R2-2308386, R2-2308387, R2-2308395 with modifications and Editor's Notes based on [AT123][407][POS].

_v03: RAN2#123bis (R2-2310911):

LPHAP:
Agreements:
When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.
Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc.

Agreements:
RAN2 assume when the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request.
LS to RAN3 to confirm this.

Agreement:
The SRS validity area configuration contains a list of cells in which it is valid.  FFS validity timer or if we would depend only on explicit release by the network.

Agreements:
RRCRelease can be used to provide SRS configuration with validity area for use in RRC_INACTIVE.

Agreements:
When the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request. The SRS configuration request is sent in the RRC message RRCResumeRequest.

Periodic SRS is supported to be configured with validity area.  This agreement does not affect preconfigured SRS.

Aperiodic SRS is not supported to be configured with validity area.

Agreement:
Semi-persistent SRS is supported to be configured with validity area, and RAN2 agree to reuse legacy mechanism to deactivate the SP SRS

Agreement:
RAN2 will introduce an activation indication and/or request for preconfigured SRS using at least Msg3/MsgA; FFS if Msg1 would be supported also.  FFS RRC signalling or MAC CE for the Msg3/MsgA case, as for the configuration request.  This agreement does not imply that the UE will be allowed to transmit autonomously.

Agreements:
For the activation indication and/or request for preconfigured SRSs, RRCResumeRequest message is used, and 1-bit indication in the RRCResumeRequest is introduced for this use.

Agreements:
Draft an LS to SA2 indicating that from RAN2 perspective, reporting in RRC_CONNECTED of measurements taken in RRC_IDLE is feasible, and asking them to check for impact to their specs. (R2-2306695)

Agreements:
UE may utilize the positioning assistance data through posSIB or assistance data received in RRC_CONNECTED when UE is to perform positioning in RRC_IDLE.  No stage 3 impact is foreseen.

Agreements:
At least alignment of PRS to fixed (e)DRX is supported.
At least UE-initiated on-demand PRS request procedure is supported for the alignment of the PRS configuration to the fixed (e)DRX configuration.

Integrity:
Agreements:
The DNU flags are provided per TRP and per error contribution (e.g., TRP location, RTD, beam information, etc.) in a new IE NR-Integrity-ServiceAlert.
DNU flags for TRP/UE positioning measurements are not needed.
The 'Integrity Correlation Times', defining the minimum time interval beyond which two sets of assistance data parameters for a given error can be considered to be independent from one another, can optionally be provided for the integrity assistance data.
It is left to LMF implementation to decide the measurement error source bound distribution based on the measurement results provided to the LMF from UE and/or NG-RAN.
The beam related information (Beam Bore-Sight Direction/Beam Antenna Information) are error sources for DL-AoD positioning.  FFS if RAN2 support signalling this information.

Latest draft LPP: R2- 2309181

_v04: RAN2#123bis (R2-2311554):
Updates according to [AT123bis][406][POS]

_v05: RAN2#124:

Agreements:
Introduce the following SLPP position methods:
-	SL-RTT,
-	SL-AoA,
-	SL-TDOA,
-	SL-TOA.

Agreements:
Introduce the UE capability on supporting positioning mode (i.e. UE based, UE assisted) per positioning method in SLPP. 

Agreement:
The identified signalling used for integrity information transmission can be reused for the beam related error source for DL-AOD positioning.  Details can be discussed in CR drafting.

Latest draft LPP: R2-2311396 (integrity), R2-2311397 (CPP), R2-2311398 (BW aggregation), R2-2311399 (others)

Recommendations from [Post123][402][POS] (R2-2310998)

_v06: RAN2#124 (R2-2312786):
Updates from [Post123bis][411][POS]

_v07: RAN2#124
Updates based on latest Stage 3 running CRs.

_v08: RAN#124
Updates from [Post124][413][POS]
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1	Scope
The present document specifies the stage 2 of the UE Positioning function of NG-RAN which provides the mechanisms to support or assist the calculation of the geographical position of a UE. UE position knowledge can be used, for example, in support of Radio Resource Management functions, as well as location-based services for operators, subscribers, and third-party service providers. The purpose of this stage 2 specification is to define the NG-RAN UE Positioning architecture, functional entities and operations to support positioning methods. This description is confined to the NG-RAN Access Stratum. It does not define or describe how the results of the UE position calculation can be utilised in the Core Network (e.g., LCS) or in NG-RAN (e.g., RRM).
UE Positioning may be considered as a network-provided enabling technology consisting of standardised service capabilities that enable the provision of location applications. The application(s) may be service provider specific. The description of the numerous and varied possible location applications which are enabled by this technology is outside the scope of the present document. However, clarifying examples of how the functionality being described may be used to provide specific location services may be included.
This stage 2 specification covers the NG-RAN positioning methods, state descriptions, and message flows to support UE Positioning.
This stage 2 specification also covers ranging and sidelink positioning in in-coverage and out-of-coverage of NG-RAN using NR PC5 interface.
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[bookmark: _Toc12632587][bookmark: _Toc29305281][bookmark: _Toc37338086][bookmark: _Toc46488927][bookmark: _Toc52567280][bookmark: _Toc139051901]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based". For sidelink positioning, an operation in which measurements are provided by a SL Target UE to a server (SL Server UE or LMF) to be used in the computation of a position estimate is described as "SL Target UE-assisted" (and could also be called "server-based"), while one in which the SL Target UE computes its own position is described as "SL Target UE-based".
Alert Limit (AL): The maximum allowable positioning error for the purpose of integrity. If the positioning error is beyond this limit, the integrity results of the calculated location may not meet the integrity requirement.
Positioning integrity: A measure of the trust in the accuracy of the position-related data and the ability to provide associated alerts.
Pre-configured assistance data: Refers to the DL-PRS assistance data (with associated validity criteria) that can be provided to the UE (before or during an ongoing LPP positioning session), to be then utilized for potential positioning measurements at a future time (e.g. for deferred MT-LR). Pre-configured DL-PRS assistance data may consist of multiple instances, where each instance is applicable to a different area within the network.
Protection Level (PL): A statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit of time of the true error being greater than the AL and the PL being less than or equal to the AL, for longer than the TTA, is less than the TIR, i.e., the PL satisfies the following inequality: 
	Prob per unit of time [((PE>AL) & (PL<=AL)) for longer than TTA] < TIR
When the PL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Protection Level (HPL) or Vertical Protection Level (VPL) respectively.
A specific equation for the PL is not specified as this is implementation-defined. For the PL to be considered valid, it must simply satisfy the inequality above.
NOTE 1:	the PL inequality is valid for all values of the AL.
NOTE 2:	the TIR may correspond to the achievable TIR in the case that the requested TIR cannot be satisfied.
PRS-only TP: A TP which only transmits PRS, DL-PRS signals and is not associated with a cell.
[bookmark: _Toc12632588][bookmark: _Toc29305282]PRS Processing Window (PPW): The PRS Processing Window is configured by the network to a UE for NR DL-PRS measurements without measurement gap.
Ranging: Refers to the determination of the distance between two UEs or more UEs and/or the direction of one UE from another UE via sidelink interface.
Ranging/SL Positioning Protocol (RSPP): RSPP comprises SLPP messages and Supplementary Services messages according to TS 23.586 [46].
Reception Point (RP): A set of geographically co-located receive antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one UL-SRS-only RP. Reception Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a UL-SRS-only RP, etc. One cell can include one or multiple reception points. For a homogeneous deployment, each reception point may correspond to one cell.
Relative Position: An estimate of the UE position relative to other network elements or relative to other UEs.
Rx Time Delay: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband.
Rx Timing Error: Result of Rx time delay involved in the reception of a signal before reporting measurements that are obtained from the signal. It is the uncalibrated Rx time delay, or the remaining delay after the UE/TRP internal calibration/compensation of the Rx time delay, involved in the reception of the DL-PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same UE/TRP and may also possibly consider the offset of the Rx antenna phase centre to the physical antenna centre.
Sidelink Positioning: A functionality which determines geographical or relative location and possibly velocity using  sidelink measurements.
SL Anchor UE: A UE, supporting positioning of target UE, e.g. by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc. using Sidelink.
SL Server UE: A UE offering position method determination, assistance data distribution and/or location calculation functionalities for sidelink positioning and ranging based services. It interacts with other UEs over PC5 as necessary in order to determine a ranging/SL position method, distribute assistance data and calculate the location of the target UE. A Target UE or SL Anchor UE can act as SL Server UE if any of the functionalities is supported.
SL Target UE: A UE whose distance, direction and/or position is measured with the support from one or multiple SL Anchor UEs using sidelink.
SRS-only RP: An RP which only receives UL-SRS signals and is not associated with a cell.
Transmission Point (TP): A set of geographically co-located transmit antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one DL-PRS-only TP. Transmission Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a DL-PRS-only TP, etc. One cell can include one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality.
TRP Rx 'Timing Error Group' (TRP Rx TEG): Rx timing errors, associated with TRP reporting of one or more UL measurements, that are within a certain margin.
TRP RxTx 'Timing Error Group' (TRP RxTx TEG): Rx timing errors and Tx timing errors, associated with TRP reporting of one or more gNB Rx-Tx time difference measurements, which have the 'Rx timing errors+Tx timing errors' differences within a certain margin.
TRP Tx 'Timing Error Troup' (TRP Tx TEG): Tx timing errors, associated with TRP transmissions on one or more DL-PRS resources, that are within a certain margin.
Tx Time Delay: From a signal transmission perspective, the time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna.
Tx Timing Error: Result of Tx time delay involved in the transmission of a signal. It is the uncalibrated Tx time delay, or the remaining delay after the TRP/UE internal calibration/compensation of the Tx time delay, involved in the transmission of the DL-PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE and may also possibly consider the offset of the Tx antenna phase centre to the physical antenna centre.
UE Rx 'Timing Error Group' (UE Rx TEG): Rx timing errors, associated with UE reporting of one or more DL measurements (RSTD), that are within a certain margin.
UE RxTx 'Timing Error Group' (UE RxTx TEG): Rx timing errors and Tx timing errors, associated with UE reporting of one or more UE Rx-Tx time difference measurements, which have the 'Rx timing errors+Tx timing errors' differences within a certain margin.
UE Tx 'Timing Error Group' (UE Tx TEG): Tx timing errors, associated with UE transmissions on one or more UL SRS resources for positioning purpose, that are within a certain margin.
[bookmark: _Toc37338087][bookmark: _Toc46488928][bookmark: _Toc52567281][bookmark: _Toc139051902]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].
5GC	5G Core Network
5GS	5G System
A-AoA	Azimuth-Angle of Arrival
ADR	Accumulated Delta Range
AL	Alert Limit
AoA	Angle of Arrival
AP	Access Point
ARP	Antenna Reference Point
BDS	BeiDou Navigation Satellite System
BSSID	Basic Service Set Identifier
CID	Cell-ID (positioning method)
CLAS	Centimetre Level Augmentation Service
DL-AoD	Downlink Angle-of-Departure
DL-PRS	Downlink Positioning Reference Signal
DL-RSCP	Downlink Reference Signal Carrier Phase
DL-RSCPD	Downlink Reference Signal Carrier Phase Difference
DL-TDOA	Downlink Time Difference Of Arrival
DNU	Do Not Use
DRX	Discontinuous Reception
E-SMLC	Enhanced Serving Mobile Location Centre
E-CID	Enhanced Cell-ID (positioning method)
ECEF	Earth-Centered, Earth-Fixed
ECI	Earth-Centered-Inertial
eDRX	Extended Discontinuous Reception
EGNOS	European Geostationary Navigation Overlay Service
E-UTRAN	Evolved Universal Terrestrial Radio Access Network
FDMA	Frequency Division Multiple Access
FKP	Flächenkorrekturparameter (Engl: Area Correction Parameters)
GAGAN	GPS Aided Geo Augmented Navigation
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GMLC	Gateway Mobile Location Centre
GNSS	Global Navigation Satellite System
GPS	Global Positioning System
GRS80	Geodetic Reference System 1980
HESSID	Homogeneous Extended Service Set Identifier
LCS	LoCation Services
LMF	Location Management Function
LPP	LTE Positioning Protocol
MAC	Master Auxiliary Concept
MBS	Metropolitan Beacon System
MO-LR	Mobile Originated Location Request
MT-LR	Mobile Terminated Location Request
Multi-RTT	Multi-Round Trip Time
NavIC	NAVigation with Indian Constellation
NG-C	NG Control plane
NG-AP	NG Application Protocol
NI-LR	Network Induced Location Request
N-RTK	Network – Real-Time Kinematic
NRPPa	NR Positioning Protocol A
OTDOA	Observed Time Difference Of Arrival
PDU	Protocol Data Unit
posSI	Positioning System Information
posSIB	Positioning SIB
PPP	Precise Point Positioning
PPP-RTK	Precise Point Positioning – Real-Time Kinematic
PRS	Positioning Reference Signal (for E-UTRA)
PRU	Positioning Reference Unit
QZSS	Quasi-Zenith Satellite System
RP	Reception Point
RRM	Radio Resource Management
RSRP	Reference Signal Received Power
RSRPP	Reference Signal Received Path Power
RSRQ	Reference Signal Received Quality
RSSI	Received Signal Strength Indicator
RSTD	Reference Signal Time Difference
RSPP	Ranging/SL Positioning Protocol
RTK	Real-Time Kinematic
SBAS	Space Based Augmentation System
SDT	Small Data Transmission
SET	SUPL Enabled Terminal
SIB	System Information Block
SL	Sidelink
SL-PRS	Sidelink Positioning Reference Signal
SL-PRS-RSRP	Sidelink PRS Reference Signal Received Power
SL-PRS-RSRPP	Sidelink PRS Reference Signal Received Path Power
SL-RSTD	Sidelink Reference Signal Time Difference
SL-RTOA	Sidelink Relative Time of Arrival
SLP	SUPL Location Platform
SLPP	Sidelink Positioning Protocol
SP	Semi-Persistent
SRS	Sounding Reference Signal
SSB	Synchronization Signal Block
SSID	Service Set Identifier
SSR	State Space Representation
STEC	Slant TEC
SUPL	Secure User Plane Location
TADV	Timing Advance
TBS	Terrestrial Beacon System
TEC	Total Electron Content
TEG	Timing Error Group
TP	Transmission Point
TRP	Transmission-Reception Point
TTA	Time To Alert
TxTEG	Tx Timing Error Group
UE	User Equipment
UL-AoA	Uplink Angle of Arrival
UL-RSCP	Uplink Reference Signal Carrier Phase
UL-RTOA	Uplink Relative Time of Arrival
UL-SRS	Uplink Sounding Reference Signal
UL-TDOA	Uplink Time Difference of Arrival
URA	User Range Accuracy
WAAS	Wide Area Augmentation System
WGS-84	World Geodetic System 1984
WLAN	Wireless Local Area Network
Z-AoA	Zenith Angles of Arrival
[bookmark: _Toc12632589][bookmark: _Toc29305283][bookmark: _Toc37338088][bookmark: _Toc46488929][bookmark: _Toc52567282][bookmark: _Toc139051903]4	Main concepts and requirements
[bookmark: _Toc12632590][bookmark: _Toc29305284][bookmark: _Toc37338089][bookmark: _Toc46488930][bookmark: _Toc52567283][bookmark: _Toc139051904]4.1	Assumptions and Generalities
The stage 1 description of LCS at the service level is provided in TS 22.071 [3]; the stage 2 LCS functional description, including the LCS system architecture and message flows, is provided in TS 23.501 [2], TS 23.502 [26] and TS 23.273 [35]; the stage 2 including the architectural enhancements and procedures to support ranging based services and sidelink positioning in the 5G System is provided in TS 23.586 [46] and TS 23.273 [35].
Positioning functionality provides a means to determine the geographic position and/or velocity of the UE based on measuring radio signals. The position information may be requested by and reported to a client (e.g., an application) associated with the UE, or by a client within or attached to the core network. The position information shall be reported in standard formats, such as those for cell-based or geographical co-ordinates, together with the estimated errors (uncertainty) of the position and velocity of the UE and, if available, the positioning method (or the list of the methods) used to obtain the position estimate.
Restrictions on the geographic shape encoded within the 'position information' parameter may exist for certain LCS client types. The 5GS, including NG-RAN, shall comply with any shape restrictions defined in 5GS and, in a particular country, with any shape restrictions defined for a specific LCS client type in relevant national standards. For example, in the US, national standard J-STD-036-C-2 restricts the geographic shape for an emergency services LCS client to minimally either an "ellipsoid point" or an "ellipsoid point with uncertainty circle" as defined in TS 23.032 [4].
It shall be possible for the majority of the UEs within a network to use the LCS feature without compromising the radio transmission or signalling capabilities of the NG-RAN.
The uncertainty of the position measurement shall be network-implementation-dependent, at the choice of the network operator. The uncertainty may vary between networks as well as from one area within a network to another. The uncertainty may be hundreds of metres in some areas and only a few metres in others. In the event that a particular position measurement is provided through a UE-assisted process, the uncertainty may also depend on the capabilities of the UE. In some jurisdictions, there is a regulatory requirement for location service accuracy that is part of an emergency service. Further details of the accuracy requirements can be found in TS 22.071 [3].
The uncertainty of the position information is dependent on the method used, the position of the UE within the coverage area and the activity of the UE. Several design options of the NG-RAN system (e.g., size of cell, adaptive antenna technique, pathloss estimation, timing accuracy, ng-eNB and gNB surveys) shall allow the network operator to choose a suitable and cost-effective UE positioning method for their market.
There are many different possible uses for the positioning information. The positioning functions may be used internally by the 5GS, by value-added network services, by the UE itself or through the network, and by "third party" services. The feature may also be used by an emergency service (which may be mandated or "value-added"), but the location service is not exclusively for emergencies.
Design of the NG-RAN positioning capability as documented in this specification includes position methods, protocols and procedures that are either adapted from capabilities already supported for E-UTRAN, UTRAN and GERAN, or created separately from first principles. In contrast to GERAN and UTRAN but similarly to E-UTRAN, the NG-RAN positioning capabilities are intended to be forward compatible to other access types and other position methods, in an effort to reduce the amount of additional positioning support needed in the future. This goal also extends to user plane location solutions such as OMA SUPL ([15], [16]), for which NG-RAN positioning capabilities are intended to be compatible where appropriate.
As a basis for the operation of UE Positioning in NG-RAN, the following assumptions apply:
-	both TDD and FDD will be supported;
-	the provision of the UE Positioning function in NG-RAN and 5GC is optional through support of the specified method(s) in the ng-eNB, gNB and the LMF;
-	UE Positioning is applicable to any target UE, whether or not the UE supports LCS, but with restrictions on the use of certain positioning methods depending on UE capability (e.g. as defined within the LPP protocol);
-	the positioning information may be used for internal system operations to improve system performance;
-	the UE Positioning architecture and functions shall include the option to accommodate several techniques of measurement and processing to ensure evolution to follow changing service requirements and to take advantage of advancing technology;
-	the UE Positioning architecture and functions include the option of using sidelink measurements to obtain absolute position, relative position, or ranging information.
[bookmark: _Toc12632591][bookmark: _Toc29305285][bookmark: _Toc37338090][bookmark: _Toc46488931][bookmark: _Toc52567284][bookmark: _Toc139051905]4.2	Role of UE Positioning Methods
The NG-RAN may utilise one or more positioning methods in order to determine the position of an UE.
Positioning the UE involves two main steps:
-	signal measurements; and
-	position estimate and optional velocity computation based on the measurements.
The signal measurements may be made by the UE or by the serving ng-eNB or gNB. The basic signals measured for terrestrial position methods are typically the LTE or NR radio transmissions; however, other methods may make use of other transmissions such as general radio navigation signals including those from Global Navigation Satellites Systems (GNSSs).
The positioning function should not be limited to a single method or measurement. That is, it should be capable of utilising other standard methods and measurements, as such methods and measurements are available and appropriate, to meet the required service needs of the location service client. This additional information could consist of readily available E-UTRAN or NG-RAN measurements.
The position estimate computation may be made by the UE or by the LMF.
UE positioning methods using sidelink may be used to obtain absolute position, relative position, or ranging information when the UE is inside or outside NG-RAN coverage.
[bookmark: _Toc12632592][bookmark: _Toc29305286][bookmark: _Toc37338091][bookmark: _Toc46488932][bookmark: _Toc52567285][bookmark: _Toc139051906]4.3	Standard UE Positioning Methods
[bookmark: _Toc12632593][bookmark: _Toc29305287][bookmark: _Toc37338092][bookmark: _Toc46488933][bookmark: _Toc52567286][bookmark: _Toc139051907]4.3.1	Introduction
The standard positioning methods supported for NG-RAN access are:
-	network-assisted GNSS methods;
-	observed time difference of arrival (OTDOA) positioning based on LTE signals;
-	enhanced cell ID methods based on LTE signals;
-	WLAN positioning;
-	Bluetooth positioning;
-	terrestrial beacon system (TBS) positioning;
-	sensor based methods:
-	barometric Pressure Sensor;
-	motion sensor.
-	NR enhanced cell ID methods (NR E-CID) based on NR signals;
-	Multi-Round Trip Time Positioning (Multi-RTT based on NR signals);
-	Downlink Angle-of-Departure (DL-AoD) based on NR signals;
-	Downlink Time Difference of Arrival (DL-TDOA) based on NR signals;
-	Uplink Time Difference of Arrival (UL-TDOA) based on NR signals;
-	Uplink Angle-of-Arrival (UL-AoA), including A-AoA and Z-AoA based on NR signals;
-	SL positioning and Ranging based on sidelink signals, incl.:
-	Sidelink Round Trip Time Positioning (SL-RTT);
-	Sidelink Angle-of-Arrival (SL-AoA);
-	Sidelink Time Difference of Arrival (SL-TDOA);
-	Sidelink Time of Arrival (SL-TOA).
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.
Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported.
These positioning methods (except SL positioning and ranging methods) may be supported in UE-based, UE-assisted/LMF-based, and NG-RAN node assisted versions. Table 4.3.1-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.
Table 4.3.1-1: Supported versions of UE positioning methods
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL Note 8

	A-GNSS
	Yes
	Yes
	No
	Yes

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes

	E-CID Note 4, Note 7 
	No
	Yes
	Yes
	Yes for E-UTRA

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	DL-TDOA
	Yes
	Yes
	No
	Yes

	DL-AoD
	Yes
	Yes
	No
	Yes

	Multi-RTT
	No
	Yes
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes
	Yes (DL NR E-CID)

	UL-TDOA
	No
	No
	Yes
	Yes

	UL-AoA
	No
	No
	Yes
	Yes

	NOTE 1:	This includes TBS positioning based on PRS signals.
NOTE 2:	In this version of the specification only OTDOA based on LTE signals is supported.
NOTE 3:	Void
NOTE 4:	This includes Cell-ID for NR method when UE is served by gNB.
NOTE 5:	In this version of the specification only for TBS positioning based on MBS signals.
NOTE 6:	Void
NOTE 7:	Enhanced Cell ID based on LTE signals.
NOTE 8:	This shows whether the positioning method is supported by SUPL ULP [16].



Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding clauses.
The SL positioning and ranging methods may be supported in SL-Target UE-based or SL-Target UE-assisted/server-based mode, where "server" may be a SL Server UE or LMF. Table 4.3.1-2 indicates which of these versions are supported in this version of the specification for the SL positioning and ranging methods.
Table 4.3.1-2: Supported versions of SL positioning and ranging methods.
	Method
	SL-Target UE-based
	SL-Target UE-assisted, server-based

	SL-RTTNOTE 1
	Yes
	Yes

	SL-AoANOTE 2
	Yes
	Yes

	SL-TDOA
	Yes
	Yes

	SL-TOA
	Yes
	Yes

	NOTE 1: 	The SL-RTT method may also be used for ranging between UEs.
NOTE 2: 	The SL-AoA method may also be used to obtain direction between UEs.
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[bookmark: _Toc37338102][bookmark: _Toc46488943][bookmark: _Toc52567296][bookmark: _Toc139051917][bookmark: _Toc12632602][bookmark: _Toc29305296]4.3.11	Multi-RTT positioning
The Multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP and/or DL-RSCP) of downlink signals received from multiple TRPs, measured by the UE and the measured gNB Rx-Tx time difference measurements (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP and/or UL-RSCP) at multiple TRPs of uplink signals transmitted from UE.
The UE measures the UE Rx-Tx time difference measurements (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP and/or DL-RSCP of the received signals) using assistance data received from the positioning server, and the TRPs measure the gNB Rx-Tx time difference measurements (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP and/or UL-RSCP of the received signals) using assistance data received from the positioning server. The measurements are used to determine the RTT at the positioning server which are used to estimate the location of the UE.
The operation of the Multi-RTT positioning method is described in clause 8.10.
[bookmark: _Toc37338103][bookmark: _Toc46488944][bookmark: _Toc52567297][bookmark: _Toc139051918]4.3.12	DL-AoD positioning
The DL-AoD positioning method makes use of the measured DL-PRS-RSRP (and optionally DL-PRS-RSRPP) of downlink signals received from multiple TPs, at the UE. The UE measures the DL-PRS-RSRP (and optionally DL-PRS-RSRPP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.
The operation of the DL-AoD positioning method is described in clause 8.11.
[bookmark: _Toc37338104][bookmark: _Toc46488945][bookmark: _Toc52567298][bookmark: _Toc139051919]4.3.13	DL-TDOA positioning
The DL-TDOA positioning method makes use of the DL RSTD (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP and/or DL-RSCPD) of downlink signals received from multiple TPs, at the UE. The UE measures the DL RSTD (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP and/or DL-RSCPD) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.
The operation of the DL-TDOA positioning method is described in clause 8.12.
[bookmark: _Toc37338105][bookmark: _Toc46488946][bookmark: _Toc52567299][bookmark: _Toc139051920]4.3.14	UL-TDOA positioning
The UL-TDOA positioning method makes use of the UL-RTOA (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP and/or UL-RSCP) at multiple RPs of uplink signals transmitted from UE. The RPs measure the UL-RTOA (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP and/or UL-RSCP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to estimate the location of the UE.
The operation of the UL-TDOA positioning method is described in clause 8.13.
[bookmark: _Toc37338106][bookmark: _Toc46488947][bookmark: _Toc52567300][bookmark: _Toc139051921]4.3.15	UL-AoA
The UL-AoA positioning method makes use of the measured azimuth angle of arrival (A-AoA) and/or zenith angle of arrival (Z-AoA) at multiple RPs of uplink signals transmitted from the UE. The RPs measure A-AoA and Z-AoA (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to estimate the location of the UE.
The operation of the UL-AoA positioning method is described in clause 8.14.
4.3.16	SL Positioning and Ranging
4.3.16.1	Sidelink Round Trip Time Positioning (SL-RTT)
The SL-RTT positioning method makes use of SL Rx-Tx time difference measurements (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) of sidelink signals received at the target UE from one or more peer UEs (e.g., anchor UEs) and the SL Rx-Tx time difference measurements (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) performed at the one or more peer UEs (e.g., anchor UEs) of sidelink signals transmitted by the target UE. The SL Rx-Tx time difference measurements performed by a pair of UEs allows determining the distance/range between the pair of UEs. Distance/range measurements between a target UE and multiple peer UEs can be used to determine the location of the target UE relative to the locations of the peer UEs (e.g., anchor UEs). 
The operation of the SL-RTT positioning method is described in clause 8.15.2.
4.3.16.2	Sidelink Angle-of-Arrival (SL-AoA)
The SL-AoA positioning method makes use of  SL angle of arrival measurements (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) of sidelink signals received at the target UE from one or more peer UEs (e.g., anchor UEs) or SL angle of arrival measurements (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) performed at one or more peer UEs (e.g., anchor UE) of sidelink signals transmitted by a target UE. The SL angle of arrival measurements performed by a UE of sidelink signals transmitted by a peer UE determines the azimuth and vertical angle (i.e., the direction) between the pair of UEs relative to a reference direction (e.g., geographical North). Direction measurements between a target UE and multiple peer UEs can be used to determine the location of the target UE relative to the locations of the peer UEs (e.g., anchor UEs). 
The operation of the SL-AoA positioning method is described in clause 8.15.3.
4.3.16.3	Sidelink Time Difference of Arrival (SL-TDOA)
The SL-TDOA positioning method makes use of SL-RSTD (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) of sidelink signals received at the target UE from two or more peer UEs (e.g., anchor UEs). The target UE measures the SL-RSTD (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) of the received sidelink signals transmitted by two or more peer UEs. SL-RSTD measurements between a target UE and multiple peer UEs can be used to determine the location of the target UE relative to the locations of the peer UEs (e.g., anchor UEs). 
The operation of the SL-TDOA positioning method is described in clause 8.15.4.
4.3.16.4	Sidelink Time of Arrival (SL-TOA)
The SL-TOA positioning method makes use of SL-RTOA (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) of sidelink signals transmitted by a target UE and received by multiple per UEs (e.g., anchor UEs). The peer UEs measure the SL-RTOA (and optionally SL-PRS-RSRP and/or SL-PRS-RSRPP) of the sidelink signals transmitted by the target UE. SL-RTOA measurements performed at multiple peer UEs can be used to determine the location of the target UE relative to the locations of the peer UEs (e.g., anchor UEs).
The operation of the SL-TOA positioning method is described in clause 8.15.5.
[bookmark: _Toc37338107][bookmark: _Toc46488948][bookmark: _Toc52567301][bookmark: _Toc139051922]5	NG-RAN UE Positioning Architecture
[bookmark: _Toc12632603][bookmark: _Toc29305297][bookmark: _Toc37338108][bookmark: _Toc46488949][bookmark: _Toc52567302][bookmark: _Toc139051923]5.1	Architecture
Figure 5.1-1 shows the architecture in 5GS applicable to positioning of a UE with NR or E-UTRA access. The positioning architecture also supports the NR PC5 interface as illustrated in Figure 5.1-1. Sidelink positioning can be supported when the UE is inside NG-RAN coverage (UE A and UE B in Figure 5.1-1) and when the UE is outside NG-RAN coverage (UE C and UE D in Figure 5.1-1).
NOTE: Sidelink positioning for UEs in partial coverage is not supported in this Release of the specification.
The AMF receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC or UE) 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 TS 23.502 [26] and TS 23.273 [35]. 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. In the case of a location service requested by an entity other than the AMF (e.g., a GMLC or UE), the AMF returns the location service result to this entity.
An NG-RAN node may control several TRPs/TPs, such as remote radio heads, or DL-PRS-only TPs for support of PRS-based TBS.
An LMF may have a proprietary signalling 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 signalling interaction between an LMF and E-SMLC are outside the scope of this specification.
An LMF may have a proprietary signalling 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 [15][16]. Details of the signalling interaction between an LMF and SLP are outside the scope of this specification.



Figure 5.1-1: UE Positioning Overall Architecture applicable to NG-RAN
NOTE 1:	Void
NOTE 2:	Void
[bookmark: _Toc12632604][bookmark: _Toc29305298][bookmark: _Toc37338109]NOTE 3:	Void
[bookmark: _Toc46488950]In case of split gNB architecture, a gNB-DU may include TRP functionality where the TRP functionality may support functions for a TP, RP or both TP and RP. A gNB-DU which includes TRP functionality does not need to offer cell services.
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[bookmark: _Toc12632608][bookmark: _Toc29305302][bookmark: _Toc37338115][bookmark: _Toc46488956][bookmark: _Toc52567309][bookmark: _Toc139051930]5.4	Functional Description of Elements Related to UE Positioning in NG-RAN
[bookmark: _Toc12632609][bookmark: _Toc29305303][bookmark: _Toc37338116][bookmark: _Toc46488957][bookmark: _Toc52567310][bookmark: _Toc139051931]5.4.1	User Equipment (UE)
The UE may make measurements of downlink signals from NG-RAN, sidelink signals from other UEs, and other sources such as E-UTRAN, different GNSS and TBS systems, WLAN access points, Bluetooth beacons, UE barometric pressure and motion 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.
[bookmark: _Toc12632610][bookmark: _Toc29305304][bookmark: _Toc37338117][bookmark: _Toc46488958][bookmark: _Toc52567311][bookmark: _Toc139051932]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.
[bookmark: _Toc12632611][bookmark: _Toc29305305]To support NR RAT-Dependent positioning, the gNB may make measurements of radio signals for a target UE, and provide measurement results for position estimation. A gNB may serve several TRPs, including for example remote radio heads, and UL-SRS only RPs and DL-PRS-only TPs.
A gNB may broadcast assistance data information, received from an LMF, in positioning System Information messages.
[bookmark: _Toc37338118][bookmark: _Toc46488959][bookmark: _Toc52567312][bookmark: _Toc139051933]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.
[bookmark: _Toc12632612][bookmark: _Toc29305306]An ng-eNB may broadcast assistance data information, received from an LMF, in positioning System Information messages.
[bookmark: _Toc37338119][bookmark: _Toc46488960][bookmark: _Toc52567313][bookmark: _Toc139051934]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-RAN and downlink measurements made by the UE that were provided to an NG-RAN 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.
The LMF may interact with multiple NG-RAN nodes to provide assistance data information for broadcasting. The assistance data information for broadcast may optionally be segmented and/or ciphered by the LMF. The LMF may also interact with AMFs to provide ciphering key data information to the AMF as described in greater detail in TS 23.273 [35].
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.
The LMF may interact with the AMF to provide (updated) UE Positioning Capability to AMF and to receive stored UE Positioning Capability from AMF as described in TS 23.273 [35].
[bookmark: _Toc139051935]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, DL-RSCPD, DL-RSCP, 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, UL-RSCP, 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.
PRU measurements may also be provided to the target device in the assistance data as described in sub-clause 8.12. 
From a location server perspective, the PRU functionality is realized by a UE with known location.
[bookmark: _Toc12632613][bookmark: _Toc29305307][bookmark: _Toc37338120][bookmark: _Toc46488961][bookmark: _Toc52567314][bookmark: _Toc139051936]6	Signalling protocols and interfaces
[bookmark: _Toc12632614][bookmark: _Toc29305308][bookmark: _Toc37338121][bookmark: _Toc46488962][bookmark: _Toc52567315][bookmark: _Toc139051937]6.1	Network interfaces supporting positioning operations
[bookmark: _Toc12632615][bookmark: _Toc29305309][bookmark: _Toc37338122][bookmark: _Toc46488963][bookmark: _Toc52567316][bookmark: _Toc139051938]6.1.1	General LCS control plane architecture
The general LCS control plane architecture in the 5GS applicable to a target UE with NG-RAN access is defined in TS 23.501 [2] and TS 23.273 [35]. The general architecture to support ranging based services and sidelink positioning in the 5GS is provided in TS 23.586 [46].
[bookmark: _Toc12632616][bookmark: _Toc29305310][bookmark: _Toc37338123][bookmark: _Toc46488964][bookmark: _Toc52567317][bookmark: _Toc139051939]6.1.2	NR-Uu interface
The NR-Uu interface, connecting the UE to the gNB over the air, is used as one of several transport links for the NR positioning protocol(s) for a target UE with NR access to NG-RAN.
[bookmark: _Toc12632617][bookmark: _Toc29305311][bookmark: _Toc37338124][bookmark: _Toc46488965][bookmark: _Toc52567318][bookmark: _Toc139051940]6.1.3	LTE-Uu interface
The LTE-Uu interface, connecting the UE to the ng-eNB over the air, is used as one of several transport links for the LTE positioning protocol(s) for a target UE with LTE access to NG-RAN.
[bookmark: _Toc12632618][bookmark: _Toc29305312][bookmark: _Toc37338125][bookmark: _Toc46488966][bookmark: _Toc52567319][bookmark: _Toc139051941]6.1.4	NG-C interface
The NG-C interface between the gNB and the AMF and between the ng-eNB and the AMF is transparent to all UE-positioning-related procedures. It is involved in these procedures only as a transport link for the NR positioning protocol(s).
For gNB related positioning procedures, the NG-C interface transparently transports both positioning requests from the LMF to the gNB and positioning results from the gNB to the LMF.
For ng-eNB related positioning procedures, the NG-C interface transparently transports both positioning requests from the LMF to the ng-eNB and positioning results from the ng-eNB to the LMF.
[bookmark: _Toc12632619][bookmark: _Toc29305313]For delivery of broadcast assistance data information, the NG-C interface transparently transports both the assistance data information from the LMF to the NG-RAN node for broadcasting and the feedback information on assistance information broadcasting from the NG-RAN node to the LMF. The NG-C interface is also used by an AMF to transparently transport ciphering keys via NG-RAN node to UEs using a NAS message. The ciphering keys are used to decipher broadcast assistance data information, if the broadcast assistance data information is ciphered.
[bookmark: _Toc37338126][bookmark: _Toc46488967][bookmark: _Toc52567320][bookmark: _Toc139051942]6.1.5	NL1 interface
The NL1 interface, between the LMF and the AMF, is transparent to all UE related, gNB related and ng-eNB related positioning procedures. It is used only as a transport link for the LTE Positioning Protocols LPP, SLPP and NR Positioning Protocol A NRPPa.
[bookmark: _Toc37338127][bookmark: _Toc46488968][bookmark: _Toc52567321][bookmark: _Toc139051943][bookmark: _Toc12632620][bookmark: _Toc29305314]6.1.6	F1 interface
In case of split gNB architecture, the F1 interface is used to support the exchange of positioning information between the gNB-DU and the gNB-CU; it is also used transparently as a transport link for the LPP and SLPP.
6.1.7	NR PC5 interface
The NR PC5 interface is used as transport link for the SL positioning protocol SLPP.
[bookmark: _Toc37338128][bookmark: _Toc46488969][bookmark: _Toc52567322][bookmark: _Toc139051944]6.2	UE-terminated protocols
[bookmark: _Toc12632621][bookmark: _Toc29305315][bookmark: _Toc37338129][bookmark: _Toc46488970][bookmark: _Toc52567323][bookmark: _Toc139051945]6.2.1	LTE Positioning Protocol (LPP)
The LTE Positioning Protocol (LPP) is terminated between a target device (the UE in the control-plane case or SET in the user-plane case) and a positioning server (the LMF in the control-plane case or SLP in the user-plane case). It may use either the control- or user-plane protocols as underlying transport. In this specification, only control plane use of LPP is defined. User plane support of LPP is defined in [15] and [16].
LPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., NGAP over the NG-C interface, NAS/RRC over the LTE-Uu and NR-Uu interfaces). The LPP protocol is intended to enable positioning for NR and LTE using a multiplicity of different position methods, while isolating the details of any particular positioning method and the specifics of the underlying transport from one another.
The protocol operates on a transaction basis between a target device and a server, with each transaction taking place as an independent procedure. More than one such procedure may be in progress at any given moment. An LPP procedure may involve a request/response pairing of messages or one or more "unsolicited" messages. Each procedure has a single objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of a target device according to some QoS and use of one or more positioning methods). Multiple procedures, in series and/or in parallel, can be used to achieve more complex objectives (e.g., positioning of a target device in association with transfer of assistance data and exchange of LPP related capabilities). Multiple procedures also enable more than one positioning attempt to be ongoing at the same time (e.g., to obtain a coarse location estimate with low delay while a more accurate location estimate is being obtained with higher delay).
An LPP session is defined between a positioning server and the target device, the details of its relation with transactions are described in clause 4.1.2 of TS 36.355 [19].
For the 3GPP 5GS Control Plane solution defined in TS 23.501 [2], TS 23.502 [26] and TS 23.273 [35], the UE is the target device and the LMF is the server. For SUPL 2.0 support, the SUPL Enabled Terminal (SET) is the target device and the SUPL Location Platform (SLP) is the server. The operations controlled through LPP are described further in clause 7.1.
[bookmark: _Toc12632622][bookmark: _Toc29305316]LPP defined data structures for assistance data information are reused for supporting RRC broadcast of assistance data information which are embedded in positioning SIBs. This enables broadcast assistance data using the same data structures which are used for point to point location.
[bookmark: _Toc37338130][bookmark: _Toc46488971][bookmark: _Toc52567324][bookmark: _Toc139051946]6.2.2	Radio Resource Control (RRC) for NR
The RRC protocol for NR is terminated between the gNB and the UE. It provides transport for LPP and SLPP messages over the NR-Uu interface.
[bookmark: _Toc12632623][bookmark: _Toc29305317]In addition to providing transport for LPP and SLPP messages over the NR-Uu interface, it supports transfer of measurements that may be used for positioning purposes through the existing measurement systems specified in TS 38.331 [14].
The RRC protocol for NR also supports broadcasting of assistance data via positioning System Information messages.
[bookmark: _Toc37338131]The RRC protocol for NR is also used to configure UEs with a sounding reference signal (SRS) for SRS transmission in RRC_CONNECTED and RRC_INACTIVE to support NG-RAN measurements for NR positioning, provide pre-configured measurement gap configuration(s) and pre-configured PRS processing window for DL-PRS measurement and report the UE TxTEG (Tx Timing Error Group) for UL-TDOA.
The RRC protocol for NR also supports SL-PRS Resource Allocation via system information or dedicated signalling or pre-configuration. 
[bookmark: _Toc46488972][bookmark: _Toc52567325][bookmark: _Toc139051947]6.2.3	Radio Resource Control (RRC) for LTE
The RRC protocol for LTE is terminated between the ng-eNB and the UE. In addition to providing transport for LPP messages over the LTE-Uu interface, it supports transfer of measurements that may be used for positioning purposes through the existing measurement systems specified in TS 36.331 [13].
[bookmark: _Toc12632624][bookmark: _Toc29305318]The RRC protocol for LTE also supports broadcasting of assistance data via positioning System Information messages.
[bookmark: _Toc46488973][bookmark: _Toc52567326][bookmark: _Toc139051948][bookmark: _Toc37338132]6.2.4	Medium Access Control (MAC) for NR
The MAC protocol for NR supports activation and deactivation of configured semi-persistent SRS resource sets as specified in TS 38.321 [39] to support NG-RAN measurements for NR positioning.
[bookmark: _Toc46488974][bookmark: _Toc52567327]The MAC protocol for NR also supports request of positioning measurement gap activation and deactivation from a UE, and activation and deactivation of pre-configured measurement gap from the NG-RAN as specified in TS 38.321 [39].
The MAC protocol for NR can also be used to activate and deactivate of PRS Processing Window as specified in TS 38.321 [39].
The MAC protocol for NR also supports services and functions for SL-PRS transmission and reception as specified in TS 38.321 [39]. 
6.2.5	Sidelink Positioning Protocol (SLPP)
The Sidelink Positioning Protocol (SLPP) is exchanged over PC5-U reference point between UEs (e.g., target UE, anchor UE, server UE) to manage the ranging/sidelink positioning sessions among a group of UEs. 
SLPP is also exchanged between a target UE and a LMF to support sidelink positioning. In this case, the SLPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., NGAP over the NG-C interface, NAS/RRC over the NR-Uu interface).
The SLPP protocol is intended to enable sidelink positioning and ranging using a multiplicity of different position methods, while isolating the details of any particular positioning method and the specifics of the underlying transport from one another.
The protocol operates on a transaction basis between UEs and between a UE and an LMF, with each transaction taking place as an independent procedure. More than one such procedure may be in progress at any given moment. A SLPP procedure may involve a request/response pairing of messages or one or more "unsolicited" messages. Each procedure has a single objective (e.g., transfer of assistance data, exchange of SLPP related capabilities, or positioning/ranging of a target device according to some QoS and use of one or more SL positioning methods). Multiple procedures, in series and/or in parallel, can be used to achieve more complex objectives (e.g., positioning of a target device in association with transfer of assistance data and exchange of SLPP related capabilities). 
An SLPP Session is used between UEs or between a UE and an LMF to fulfil a ranging/sidelink positioning service request. A SLPP Session comprises one or more SLPP transactions. A UE may simultaneously participate in multiple SLPP sessions. For UE-only scenarios, a SLPP Session ID is used to identify all SLPP transactions belonging to an SLPP session which enables UEs to uniquely distinguish SLPP messages for one session from SLPP messages for other sessions.
NOTE 1:	For LMF involved cases, the SLPP Session ID is assigned by the SL Target UE and used for SLPP messages exchanged between the group of UEs.
NOTE 2:	For LMF involved cases, the SLPP Session ID is optionally included in SLPP messages transferred between SL Target UE and LMF.

[bookmark: _Toc139051949]
[bookmark: _Toc12632627][bookmark: _Toc29305321][bookmark: _Toc37338135][bookmark: _Toc46488977][bookmark: _Toc52567330][bookmark: _Toc139051952]6.4	Signalling between an LMF and UE
[bookmark: _Toc130939320]6.4.1	Protocol Layering
[bookmark: _Hlk136834502]Figure 6.4.1-1 shows the protocol layering used to support transfer of LPP messages between an LMF and UE. The LPP PDU is carried in NAS PDU between the AMF and the UE.


Figure 6.4.1-1: Protocol Layering for LMF to UE LPP Signalling
Figure 6.4.1-2 shows the protocol layering used to support transfer of SLPP messages between an LMF and UE. The SLPP PDU is carried in NAS PDU between the AMF and the UE.


Figure 6.4.1-2: Protocol Layering for LMF to UE SLPP Signalling
[bookmark: _Toc130939321]6.4.2	LPP PDU Transfer
Figure 6.4.2-1 shows the transfer of an LPP PDU between an LMF and UE, in the network- and UE-triggered cases. These two cases may occur separately or as parts of a single more complex operation.



Figure 6.4.2-1: LPP PDU transfer between LMF and UE (network- and UE-triggered cases)
1.	Steps 1 to 4 may occur before, after, or at the same time as steps 5 to 8. Steps 1 to 4 and steps 5 to 8 may also be repeated. Steps 1 to 4 are triggered when the LMF needs to send an LPP message to the UE as part of some LPP positioning activity. The LMF then invokes the Namf_Communication _N1N2MessageTransfer service operation towards the AMF to request the transfer of a LPP PDU to the UE. The service operation includes the LPP PDU together with the LCS Correlation ID in the N1 Message Container as defined in TS 29.518 [28].
2.	If the UE is in CM-IDLE state (e.g. if the NG connection was previously released due to data and signalling inactivity), the AMF initiates a network triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the UE and assign a serving NG-RAN node.
3.	The AMF includes the LPP PDU in the payload container of a DL NAS Transport message, and a Routing Identifier identifying the LMF in the Additional Information of the DL NAS Transport message defined in TS 24.501 [29]. The AMF then sends the DL NAS Transport message to the serving NG-RAN Node in an NGAP Downlink NAS Transport message defined in TS 38.413 [30]. The AMF need not retain state information for this transfer; it can treat any response in step 7 as a separate non-associated transfer.
4.	The NG-RAN Node forwards the DL NAS Transport message to the UE in an RRC DL Information Transfer message.
5.	Steps 5 to 8 are triggered when the UE needs to send an LPP PDU to the LMF as part of some LPP positioning activity. If the UE is in CM-IDLE state, the UE instigates a UE triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the AMF and assign a serving NG-RAN node.
6.	The UE includes the LPP PDU in the payload container of an UL NAS Transport message, and the Routing Identifier, which has been received in step 4, in the Additional Information of the UL NAS Transport message defined in TS 24.501 [29]. The UE then sends the UL NAS Transport message to the serving NG-RAN node in an RRC UL Information Transfer message.
7.	The NG-RAN node forwards the UL NAS Transport Message to the AMF in an NGAP Uplink NAS Transport message.
8.	The AMF invokes the Namf_Communication_N1MessageNotify service operation towards the LMF indicated by the Routing Identifier received in step 7. The service operation includes the LPP PDU received in step 7 together with the LCS Correlation ID in the N1 Message Container as defined in TS 29.518 [28].
6.4.3	SLPP PDU Transfer
Figure 6.4.3-1 shows the transfer of an SLPP PDU between an LMF and UE, in the network- and UE-triggered cases. These two cases may occur separately or as parts of a single more complex operation.



Figure 6.4.3-1: SLPP PDU transfer between LMF and UE (network- and UE-triggered cases)
1.	Steps 1 to 4 may occur before, after, or at the same time as steps 5 to 8. Steps 1 to 4 and steps 5 to 8 may also be repeated. Steps 1 to 4 are triggered when the LMF needs to send an SLPP message to the UE as part of some SLPP positioning activity. The LMF then invokes the Namf_Communication _N1N2MessageTransfer service operation towards the AMF to request the transfer of a SLPP PDU to the UE. The service operation includes the SLPP PDU together with the LCS Correlation ID in the N1 Message Container as defined in TS 29.518 [28].
2.	If the UE is in CM-IDLE state (e.g. if the NG connection was previously released due to data and signalling inactivity), the AMF initiates a network triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the UE and assign a serving NG-RAN node.
3.	The AMF includes the SLPP PDU in the payload container of a DL NAS Transport message, and a Routing Identifier identifying the LMF in the Additional Information of the DL NAS Transport message defined in TS 24.501 [29]. The AMF then sends the DL NAS Transport message to the serving NG-RAN Node in an NGAP Downlink NAS Transport message defined in TS 38.413 [30]. The AMF need not retain state information for this transfer; it can treat any response in step 7 as a separate non-associated transfer.
4.	The NG-RAN Node forwards the DL NAS Transport message to the UE in an RRC DL Information Transfer message.
5.	Steps 5 to 8 are triggered when the UE needs to send an SLPP PDU to the LMF as part of some SLPP positioning activity. If the UE is in CM-IDLE state, the UE instigates a UE triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the AMF and assign a serving NG-RAN node.
6.	The UE includes the SLPP PDU in the payload container of an UL NAS Transport message, and the Routing Identifier, which has been received in step 4, in the Additional Information of the UL NAS Transport message defined in TS 24.501 [29]. The UE then sends the UL NAS Transport message to the serving NG-RAN node in an RRC UL Information Transfer message.
7.	The NG-RAN node forwards the UL NAS Transport Message to the AMF in an NGAP Uplink NAS Transport message.
8.	The AMF invokes the Namf_Communication_N1MessageNotify service operation towards the LMF indicated by the Routing Identifier received in step 7. The service operation includes the SLPP PDU received in step 7 together with the LCS Correlation ID in the N1 Message Container as defined in TS 29.518 [28].
[bookmark: _Toc12632630][bookmark: _Toc29305324][bookmark: _Toc37338138][bookmark: _Toc46488980][bookmark: _Toc52567333][bookmark: _Toc139051955]
[bookmark: _Toc12632634][bookmark: _Toc29305328][bookmark: _Toc37338143][bookmark: _Toc46488985][bookmark: _Toc52567338][bookmark: _Toc139051960]6.6	Void
6.7	Signalling between UEs
[bookmark: _Toc12632628][bookmark: _Toc29305322][bookmark: _Toc37338136][bookmark: _Toc46488978][bookmark: _Toc52567331]6.7.1	Protocol Layering
Figure 6.7.1-1 shows the protocol layering used to support transfer of SLPP messages between UEs. The SLPP PDU is carried using "Non-IP" PDCP SDU type for V2X capable UEs as defined in clause 6.1.1 of TS 23.287 [48], and "Unstructured" PDCP SDU type for 5G ProSe capable UEs as defined in clause 6.1.2.2 of TS 23.304 [49].


Figure 6.7.1-1: Protocol Layering for UE-to-UE Signalling
NOTE:	As specified in TS 23.586 [46], for a UE that is both, V2X and 5G ProSe capable, SLPP is transported either via the V2X or ProSe protocol layering (i.e. no V2X and ProSe cross-communication is supported).
[bookmark: _Toc12632629][bookmark: _Toc29305323][bookmark: _Toc37338137][bookmark: _Toc46488979][bookmark: _Toc52567332]6.7.2	SLPP PDU Transfer
Figure 6.7.2-1 shows the general transfer of an SLPP PDU between UEs.
NOTE:	In this version of the specification, SLPP PDU transfer between UEs is supported only via established unicast links.


Figure 6.7.2-1: SLPP PDU transfer between UEs
1. The TX UE determines to send an SLPP message to the RX UE as part of some SLPP positioning activity (e.g., to instigate a SLPP procedure or in response to a previously received SLPP message). The SLPP layer in the TX UE determines the SLPP PDU and the application layer ID for the peer UE. 
2.	The TX UE establishes a unicast link with the peer UE using the application layer ID received from step 1, if not already established, as specified in TS 23.287 [48] for V2X capable UEs and TS 23.304 [49] for ProSe capable UEs.
3.	The TX UE determines the transport configurations for the SLPP PDU.
For V2X capable UEs, policies and parameters defined in TS 23.287 [48] clause 5.1.2.1 are used to determine the corresponding transport configurations for the SLPP PDU.
For ProSe capable UEs, policies and parameters defined in TS 23.304  [49] clause 5.1.3.1 are used to determine the corresponding transport configurations for the SLPP PDU.
4.	The SLPP PDU is transmitted via the established unicast link according to the procedures for V2X communication over PC5 reference point defined in TS 23.287 [48] or according to the procedures for 5G ProSe direct communication defined in TS 23.304 [49]. 
[bookmark: _Toc12632635][bookmark: _Toc29305329][bookmark: _Toc37338144][bookmark: _Toc46488986][bookmark: _Toc52567339][bookmark: _Toc139051961]
[bookmark: _Toc130939344][bookmark: _Toc12632653][bookmark: _Toc29305347][bookmark: _Toc37338162][bookmark: _Toc46489005][bookmark: _Toc52567358][bookmark: _Toc139051982]7.3	Service Layer Support using combined LPP and NRPPa Procedures
[bookmark: _Toc130939345]7.3.1	General
As described in TS 23.502 [26] and TS 23.273 [35], UE-positioning-related services can be instigated from the 5GC for an NI-LR or MT‑LR location service, or from the UE in case of an MO-LR location service. The complete sequence of operations in the 5GC is defined in TS 23.502 [26] and TS 23.273 [35]. This clause defines the overall sequences of operations that occur in the LMF, NG-RAN and UE as a result of the 5GC operations.
[bookmark: _Toc130939346]7.3.2	NI-LR and MT-LR Service Support
Figure 7.3.2-1 shows the sequence of operations for an NI-LR or MT-LR location service, starting at the point where the AMF initiates the service in the LMF.


Figure 7.3.2-1: UE Positioning Operations to support an MT-LR or NI-LR
1.	The AMF sends a location request to the LMF for a target UE and may include associated QoS, the scheduled location time and the UE LPP positioning capabilities when available, as described in TS 23.273 [35].
2.	The LMF may obtain location related information from the UE and/or from the serving NG-RAN Node. In the former case, the LMF instigates one or more LPP procedures to transfer UE positioning capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate one or more LPP procedures after the first LPP message is received from the LMF (e.g., to request assistance data from the LMF). If a scheduled location time is provided in step 1, the LMF may schedule location measurements by the UE to occur at or near to the scheduled location time. The LPP procedures to transfer UE LPP positioning capabilities may be skipped if the LMF already obtained the UE positioning capabilities from the AMF in step 1.
3.	If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 3 is not necessarily serialised with step 2; if the LMF and NG-RAN Node have the information to determine what procedures need to take place for the location service, step 3 could precede or overlap with step 2. If a scheduled location time is provided in step 1, the LMF may schedule location measurements by the NG-RAN to occur at or near to the scheduled location time.
4.	The LMF returns a location response to the AMF with any location estimate obtained as a result of steps 2 and 3. The LMF may also return the LPP UE capabilities as described in TS 23.273 [35].
NOTE:	The LMF may send a location request to the UE at step 2 containing the scheduled location time sometime before the scheduled location time to allow the UE to enter CM Connected state shortly before the scheduled location time.
[bookmark: _Toc130939347]7.3.3	MO-LR Service Support
Figure 7.3.3-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to a third party).


Figure 7.3.3-1: UE Positioning Operations to support an MO-LR
1.	The UE sends an MO-LR location service request message included in a UL NAS TRANSPORT message as specified in TS 24.501 [29] to the AMF. The MO-LR location service request message may carry an LPP PDU to instigate one or more LPP procedures to transfer capabilities, request assistance data, and/or transfer location information and the scheduled location time, as described in TS 23.273 [35].
2.	The AMF invokes the Nlmf Determine Location Request service operation towards the LMF as specified in TS 29.572 [33] and includes any LPP PDU, the scheduled location time received in step 1 and the UE LPP positioning capabilities when available.
3.	The LMF may obtain location related information from the UE and/or from the serving NG-RAN node. In the former case or if an immediate response is needed to any LPP procedure instigated by the UE in step 1 (e.g., a request for assistance data), the LMF instigates one or more LPP procedures to transfer UE positioning capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate further LPP procedures after the first LPP message is received from the LMF (e.g., to request assistance data or to request further assistance data). If a scheduled location time is provided in step 2, the LMF may schedule location measurements by the UE to occur at or near to the scheduled location time. The LPP procedures to transfer UE positioning capabilities may be skipped if the LMF already obtained the UE positioning capabilities from the AMF in step 2.
4.	If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 4 may also precede step 3 or occur in parallel with it. If a scheduled location time is provided in step 1, the LMF may schedule location measurements by the NG-RAN to occur at or near to the scheduled location time.
5.	The LMF invokes the Nlmf Determine Location Response service operation towards the AMF as specified in TS 29.572 [33] which includes any location estimate obtained as a result of steps 3 and 4. The LMF may also return the LPP UE capabilities as described in TS 23.273 [35].
6.	If the UE requested location transfer to a third party the AMF transfers the location received from the LMF in step 5 to the third party as defined in TS 23.273 [35].
7.	The AMF sends an MO-LR location service response message included in a DL NAS TRANSPORT message as specified in TS 24.501 [29].
[bookmark: _Toc130939348]7.3.4	Deferred MT-LR Event Reporting Support
Figure 7.3.4-1 shows the sequence of operations for a Deferred MT-LR Event Reporting starting at the point where the UE reports an event to the LMF.


Figure 7.3.4-1: UE Positioning Operations to support a Deferred MT-LR
1.	The UE sends a supplementary services event report message to the LMF as described in TS 24.571 [41] which is transferred via the serving AMF and is delivered to the LMF using an Namf_Communication_N1MessageNotify service operation. The event report may indicate the type of event being reported and may include an embedded positioning message which includes any location measurements or location estimate, protection level and achievable target integrity risk.
2.	If LMF determines no positioning procedure is needed, steps 3 and 4 are skipped.
3.	The LMF may utilize any location information received in step 1. The LMF may also retrieve location related information from the UE and/or from the serving NG-RAN Node. In the former case, the LMF instigates one or more LPP procedures to provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate one or more LPP procedures after the first LPP message is received from the LMF (e.g., to request assistance data from the LMF).
4.	If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 4 is not necessarily serialised with step 3; if the LMF and NG-RAN Node have the information to determine what procedures need to take place for the location service, step 4 could precede or overlap with step 3.
5.	The LMF invokes an Nlmf_Location_EventNotify service operation towards the GMLC with an indication of the type of event being reported and any location estimate obtained as a result of steps 3 and 4.
7.3A	Service Layer Support for Sidelink Positioning
[bookmark: _Toc115388005]7.3A.1	General
As described in TS 23.273 [35], UE-positioning-related services can be instigated from the 5GC for an SL-MT‑LR location service to obtain ranging/sidelink positioning location results for a group of UEs, or from the UE in case of an SL-MO-LR location service to obtain sidelink positioning/ranging location results using one or more other UEs with the assistance of an LMF. The complete sequence of operations in the 5GC is defined in TS 23.273 [35]. This clause defines the overall sequences of operations that occur in the LMF and UE.
[bookmark: _Toc115388006]7.3A.2	SL-MT-LR Service Support
Figure 7.3A.2-1 shows the sequence of operations for an SL-MT-LR location service, starting at the point where the AMF initiates the service in the LMF.


Figure 7.3A.2-1: UE Positioning Operations to support an SL-MT-LR.
1.	The AMF serving UE1 sends a location request to the LMF including information on the required location results of the n UEs (e.g., absolute location, relative location or ranges and directions between pairs of UE(s)), the required LCS QoS and the Application layer IDs of the UEs when available, as described in TS 23.273 [35].
2.	The LMF sends an SL-MT-LR request to UE1 (via serving AMF) including the types of required location results (e.g., absolute location, relative locations or distances and/or directions) and the Application layer IDs of the other UEs 2 to n.
3.	UE1 attempts to discover the other UEs 2 to n using their Application layer IDs if not already discovered, as described in TS 23.273 [35].
4.	UE1 obtains the sidelink positioning capabilities of the discovered UEs using the SLPP capability transfer procedures specified in sub-clause 7.11.2.1.
5.	UE1 returns a SL-MT-LR Response to the LMF (via serving AMF) indicating which of the UEs 2 to n have been discovered and the sidelink positioning capabilities of the discovered UEs, if obtained.
6a.	The LMF may request the sidelink positioning capabilities of the UEs 1 to n from UE1 if not already received at step 5 using the Supplementary RSPP Capability Transfer procedure. The  Supplementary RSPP Capability Transfer messages include embedded SLPP Capability Transfer messages for UEs 1 to n together with their Application Layer IDs. UE1 may instigate the procedure for step 6b and returns the obtained capabilities of the UEs to the LMF using the Supplementary RSPP Capability Transfer procedure which includes embedded SLPP Capability Transfer messages for UEs 1 to n together with their Application Layer IDs.
6b.	UE1 may instigate the SLPP Capability Transfer procedure specified in sub-clause 7.11.2.1 with UEs 2 to n to obtain the sidelink positioning capabilities for UEs 2 to n, if not already obtained (e.g., at step 4).
7a.	UE1 may send a request for specific sidelink assistance data to the LMF using the Supplementary RSPP Assistance Data Transfer procedure. The  Supplementary RSPP Assistance Data Transfer messages include embedded SLPP Request Assistance Data messages for UEs 1 to n together with their Application Layer IDs. The LMF determines the sidelink assistance data, possibly taking the received UE capabilities from step 4 or 6a into account and provides the assistance data to UE1 using the Supplementary RSPP Assistance Data Transfer procedure which includes embedded SLPP Assistance Data Transfer messages for UEs 1 to n together with their Application Layer IDs.
7b.	UE1 may instigate the SLPP Assistance Data Transfer procedure specified in sub-clause 7.11.2.2 with UEs 2 to n to provide the received assistance data from step 7a to the UEs 2 to n. The assistance data may assist UEs 1 to n to obtain sidelink location measurements and/or may assist UE1 to calculate sidelink positioning/ranging location results.
8a.	The LMF sends a request for sidelink location information to UE1 using the Supplementary RSPP Location Information Transfer procedure. The  Supplementary RSPP Location Information Transfer messages include embedded SLPP Location Information Transfer messages for UEs 1 to n together with their Application Layer IDs. The request may include an indication whether location calculation should be performed by the UEs (Target UE-based), or whether location measurements should be provided for location calculation at the LMF (Target UE-assisted). UE1 may instigate the procedure for step 8b and provides the sidelink location measurements or location estimates to the LMF using the Supplementary RSPP Location Information Transfer procedure which includes embedded SLPP Location Information Transfer messages for UEs 1 to n together with their Application Layer IDs.
8b.	UE1 instigates the SLPP Location Information Transfer procedure specified in sub-clause 7.11.2.3 among UEs 1 to n in which UE1 to n obtain sidelink location measurements and UEs 2 to n transfer their sidelink location measurements to UE1. 
NOTE 1:	Steps 6a, 7a, 8a and 6b, 7b, 8b could be performed in any order and may also overlap.
NOTE 2:	Steps 6b, 7b, and 8b are not necessarily serialised with steps 6a, 7a, and 8a, respectively. 
9.	The LMF returns a location response to the AMF with any sidelink positioning/ranging location results obtained as a result of steps 6 to 8. 
[bookmark: _Toc115388007]7.3A.3	SL-MT-LR Service Support for periodic, triggered Location Events
Figure 7.3A.3-1 shows the sequence of operations for an SL-MT-LR location service for periodic and triggered location events, starting at the point where the AMF initiates the service in the LMF.


Figure 7.3A.3-1: UE Positioning Operations to support an SL-MT-LR for periodic, triggered Location Events.
1.	The AMF serving UE1 sends a location request to the LMF to request periodic or triggered sidelink positioning/ranging location results of the n UEs (e.g., absolute locations, relative location or ranges and directions between pairs of UE(s)). The request includes information on the time interval between successive location reports, the total number of reports, and/or the details of the trigger event (e.g., change of location or ranges), the SUPI of UE1, the required LCS QoS and the Application layer IDs of the UEs when available, as described in TS 23.273 [35].
2.	The LMF sends a Periodic-Triggered SL-MT-LR request to UE1 (via serving AMF) including the information of the periodic or triggered event, the types of required location results (e.g., absolute location, relative locations or distances and/or directions) and the Application layer IDs of the other UEs 2 to n.
3.	UE1 attempts to discover the other UEs 2 to n using their Application layer IDs if not already discovered, as described in TS 23.273 [35].
4.	UE1 obtains the sidelink positioning capabilities of the discovered UEs using the SLPP capability transfer procedures specified in sub-clause 7.11.2.1.
5.	UE1 returns a Periodic-Triggered SL-MT-LR Response to the LMF (via serving AMF) indicating which of the UEs 2 to n have been discovered, whether the UEs 1 to n accept the periodic or triggered location request, and the sidelink positioning capabilities of the discovered UEs, if obtained.
6a.	The LMF may instigate one or more SLPP procedures with UE1 to transfer sidelink positioning capabilities for UEs 1 to n, to transfer SLPP assistance data to UE1, and to transfer sidelink location information for UEs 1 to n (e.g., sidelink ranging and/or location measurements or location estimates obtained at step 6b), as described in steps 6 – 8 in Figure 7.3A.2-1. 
The UE1 may also instigate one or more SLPP procedures with the LMF after the first SLPP message has been received from the LMF (e.g., to request sidelink assistance data from the LMF).
6b.	UE1 may instigate one or more SLPP procedures among UEs 1 to n to transfer sidelink positioning capabilities, provide sidelink assistance data to the UEs 2 to n, and/or obtain sidelink location information for UEs 1 to n (e.g., sidelink ranging and/or location measurements or location estimates) as described in steps 6 – 8 in Figure 7.3A.2-1. If UE1 received a SLPP request for sidelink location information at Step 6a, UE1 sends a SLPP response to the LMF and includes the location results obtained at Step 6b.
NOTE:	As described in Figure 7.3A.2-1, the SLPP Transactions between LMF and UE1 may be carried in a Supplementary RSPP message container.
7.	The LMF returns a location response to the AMF indicating that the SL-MT-LR for periodic, triggered Location Events has been successfully initiated and with any initial sidelink positioning/ranging location results obtained as a result of steps 6. 
8.	The UEs 1 to n may periodically perform sidelink positioning/ranging in order to support steps 9 and 10. The UE may perform steps 6b, 7b, and 8b in Figure 7.3A.2-1.
9.	The UE monitors for occurrence of the trigger or periodic event requested at step 2.
10.	UE1 sends an event report message to the LMF (via serving AMF) indicating the type of event being reported and may include sidelink location results obtained at step 8.
11.	The LMF (via serving AMF) returns an event report acknowledgement to UE1. 
12.	If sidelink location results are needed for event reporting and not received at step 10, the LMF may instigate one or more SLPP procedures with UE1 as described in step 6a/6b.
13.	The LMF returns the event report and any sidelink location results to the LCS Client or AF.
14.	The UEs 1 to n continue to periodically perform sidelink positioning/ranging as in step 8.
15.	The UE1 continues to monitor for further periodic or trigger events as in step 9 and instigates steps 10-12 each time a periodic or trigger event is detected.
7.3A.4	SL-MO-LR Service Support
Figure 7.3A.4-1 shows the sequence of operations for an SL-MO-LR service instigated by UE1 to obtain sidelink positioning/ranging location results using one or more other UEs with the assistance of an LMF.


Figure 7.3A.4-1: UE Positioning Operations to support an SL-MO-LR
1.	Based on a trigger of service request (e.g., received from the application layer in UE1) UE1 discovers the other UEs 2 to n, as described in TS 23.273 [35].
2.	UE1 may obtain the sidelink positioning capabilities of the discovered UEs using the SLPP capability transfer procedures specified in sub-clause 7.11.2.1.
3.	UE1 sends an SL-MO-LR Request to the LMF via the serving AMF, including the Application layer IDs of the other UEs 2 to n together with an indication on any sidelink assistance data needed, position calculation assistance from the LMF needed, and/or whether location results should be transferred to an LCS client or AF. For position calculation assistance from the LMF, the SL-MO-LR Request may include information on the type of sidelink positioning/ranging location results (e.g., absolute location, relative location or distances and directions between pairs of UEs) and desired QoS.
4a.	The LMF may request the sidelink positioning capabilities of the UEs 1 to n from UE1 if not already received at step 3 using the Supplementary RSPP Capability Transfer procedure. The  Supplementary RSPP Capability Transfer messages include embedded SLPP Capability Transfer messages for UEs 1 to n together with their Application Layer IDs. UE1 may instigate the procedure for step 4b and returns the obtained capabilities of the UEs to the LMF using the Supplementary RSPP Capability Transfer procedure which includes embedded SLPP Capability Transfer messages for UEs 1 to n together with their Application Layer IDs.
4b.	UE1 may instigate the SLPP Capability Transfer procedure specified in sub-clause 7.11.2.1 with UEs 2 to n to obtain the sidelink positioning capabilities for UEs 2 to n, if not already obtained (e.g., at step 2).
5a.	UE1 may send a request for specific sidelink assistance data to the LMF, if the request was not already included at step 3 using the Supplementary RSPP Assistance Data Transfer procedure. The  Supplementary RSPP Assistance Data Transfer messages include embedded SLPP Request Assistance Data messages for UEs 1 to n together with their Application Layer IDs. The LMF determines the sidelink assistance data, possibly taking the received UE capabilities from step 2 or 4a into account and provides the assistance data to UE1 using the Supplementary RSPP Assistance Data Transfer procedure which includes embedded SLPP Assistance Data Transfer messages for UEs 1 to n together with their Application Layer IDs.
5b.	UE1 may instigate the SLPP Assistance Data Transfer procedure specified in sub-clause 7.11.2.2 with UEs 2 to n to provide the received assistance data from step 5a to the UEs 2 to n. The assistance data may assist UEs 1 to n to obtain sidelink location measurements and/or may assist UE1 to calculate sidelink positioning/ranging location results.
6a.	If UE1 requested position calculation assistance from the LMF or location transfer to an LCS client or AF at step 3, the LMF sends a request for sidelink location information to UE1 using the Supplementary RSPP Location Information Transfer procedure. The  Supplementary RSPP Location Information Transfer messages include embedded SLPP Location Information Transfer messages for UEs 1 to n together with their Application Layer IDs. The request may also include an indication whether location calculation should be performed by the UEs (SL Target UE-based), or whether location measurements should be provided for location calculation at the LMF (SL Target UE-assisted). UE1 may instigate the procedure for step 6b and provides the sidelink location measurements or location estimates to the LMF using the Supplementary RSPP Location Information Transfer procedure which includes embedded SLPP Location Information Transfer messages for UEs 1 to n together with their Application Layer IDs.
6b.	UE1 instigates the SLPP Location Information Transfer procedure specified in sub-clause 7.11.2.3 among UEs 1 to n in which UE1 to n obtain sidelink location measurements and UEs 2 to n transfer their sidelink location measurements to UE1. 
NOTE 1:	Steps 4a, 5a, 6a and 4b, 5b, 6b could be performed in any order and may also overlap.
NOTE 2:	Steps 4b, 5b, and 6b are not necessarily serialised with steps 4a, 5a, and 6a, respectively. 
7.	The LMF sends a SL-MO-LR Response to the AMF which forwards the SL-MO-LR Response to UE1. If UE1 requested position calculation assistance at step 3, the SL-MO-LR Response includes the calculated UE locations obtained from step 6.
8.	If requested at step 3, the AMF provides the location results to the AF/LCS Client.

[bookmark: _Toc139051991][bookmark: _Toc12632658][bookmark: _Toc29305352][bookmark: _Toc37338170][bookmark: _Toc46489013][bookmark: _Toc52567366]7.6	Procedures for On-Demand PRS transmission
[bookmark: _Toc139051992]7.6.1	General
On-Demand PRS transmission procedure allows the LMF to control and decide whether PRS is transmitted or not and to change the characteristics of an ongoing PRS transmission. The on-demand PRS transmission procedure can be initiated either by the UE or LMF. The actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
[bookmark: _Toc139051993]7.6.2	On-Demand PRS transmission procedures
Figure 7.6.2-1 shows the general positioning procedure for On-Demand PRS transmission.


Figure 7.6.2-1: On-Demand PRS transmission procedure
0.	The LMF may receive information on the possible On-Demand PRS configurations that the gNB can support during the TRP Information Exchange procedure.
1.	In case of UE-initiated On-Demand PRS, the LMF may configure the UE with pre-defined PRS configurations via LPP Provide Assistance Data message or via posSI.
2a.	In case of UE-initiated On-Demand PRS, the UE sends an On-Demand PRS request to the LMF via LPP Request Assistance Data message. The On-Demand PRS request can be a request for a pre-defined PRS configuration indicated with pre-defined PRS configuration ID or explicit parameter for PRS configuration and may be a request for PRS transmission or change to the PRS transmission characteristics for positioning measurements.
NOTE 1:	The LPP Request Assistance Data message for On-Demand PRS may also be sent in an MO-LR location service request message.
NOTE 2:	If the NW has provided the pre-defined On-Demand PRS configurations to the UE, the UE is allowed to request On-Demand PRS parameters based on pre-defined PRS configuration ID (index-based request) or explicit parameter requests that is within the scope of the received pre-defined On-Demand PRS configurations. Otherwise, the UE may blindly request On-Demand PRS parameters via an explicit request within the scope of the allowed parameter list, as specified in TS37.355 [42].
2b.	In case of LMF-initiated On-Demand PRS, the LMF and the UE may exchange LPP messages e.g., to obtain UE measurements or the DL-PRS positioning capabilities of the UE, etc.
3.	The LMF determines the need for PRS transmission or change to the transmission characteristics of an ongoing PRS transmission.
[bookmark: _Hlk97051320]4.	The LMF requests the serving and non-serving gNBs/TRPs for new PRS transmission or PRS transmission with changes to the PRS configuration via NRPPa PRS CONFIGURATION REQUEST message.
5.	The gNBs/TRPs provide the successfully configured or updated PRS transmission in the NRPPa PRS CONFIGURATION RESPONSE message accordingly.
6.	LMF may provide the PRS configuration used for PRS transmission or error cause via LPP Provide Assistance Data message to the UE.
NOTE 3:	If the LPP Request Assistance Data for On-Demand DL-PRS at Step 2a was sent in an MO-LR location service request message, the LMF provides a MO-LR response as described in clause 7.3.3.
NOTE 4:	It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving UE-initiated On-Demand PRS request.
NOTE 5:	It is up to Network (TRP) implementation on the steps to follow (accept/reject/ignore) on receiving LMF-initiated On-Demand PRS requests.
NOTE 6:	The UE may utilize the UE-initiated on-demand DL-PRS procedure to request a DL-PRS configuration which aligns with any configured (e)DRX, e.g., by setting the explicit parameter for the DL-PRS configuration accordingly.
NOTE 7:	The on-demand DL-PRS procedure may also be used to request a DL-PRS configuration which supports bandwidth aggregation across DL-PRS positioning frequency layers.
[bookmark: _Toc139051994]
[bookmark: _Toc139052000]7.9	Positioning in RRC_INACTIVE state
Positioning may be performed when a UE is in RRC_INACTIVE state. Any uplink LCS or LPP message can be transported in RRC_INACTIVE state. If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP, RRC Release message (e.g. to configure SRS for UL positioning, if it is supported) and SP Positioning SRS Activation/Deactivation MAC CE to the UE without the need of state transition.
Periodic and Semi-persistent UL-SRS transmission for positioning can be supported in RRC_INACTIVE. The UL-SRS for positioning configuration in RRC_INACTIVE state may be associated with an SRS Validity Area. The SRS Validity Area contains a list of cells in which the SRS for positioning configuration in RRC_INACTIVE state is valid. When configured with an SRS configuration for positioning along with SRS Validity Area, if the UE reselects to another cell within the SRS Validity Area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission as specified in TS 38.321 [39] and TS 38.331 [14]. When the UE reselects out of the SRS for positioning Validity Area during SRS transmission, the UE may send an "RRC Resume Request" message to the network for SRS configuration request. 
NOTE:	Aperiodic UL-SRS transmission for positioning is not supported in RRC_INACTIVE.
The SRS for positioning configuration in RRC_INACTIVE state may be pre-configured in the target device. The target device may send an "RRC Resume Request" message to the network when a configured periodic or triggered location event has been detected to request activation of the pre-configured SRS for positioning. For preconfigured multiple SRS configurations, the UE is configured with only one SRS for positioning configuration for each validity area.
7.10	Positioning in RRC_IDLE state
Positioning measurements may be performed when a UE is in RRC_IDLE state and reported when in RRC_CONNECTED state (see also clause 6.4.2). 
A UE may utilize the positioning assistance data received via broadcast (see clause 7.5) or the positioning assistance data received while in RRC_CONNECTED state when performing positioning measurements in RRC_IDLE state.
7.11	General SLPP procedures for UE Positioning and Ranging
7.11.1	SLPP procedures
Positioning and Ranging procedures using NR sidelink are modelled as transactions of the SLPP protocol using the procedures defined in this specification. A procedure consists of a single operation of one of the following types:
-	Exchange of positioning capabilities;
-	Transfer of assistance data;
-	Transfer of location information (positioning measurements, ranging measurements, and/or position estimate);
-	Error handling;
-	Abort.
Parallel transactions are permitted (i.e. a new SLPP transaction may be initiated, while another one is outstanding).
7.11.2	SLPP positioning and ranging procedures
7.11.2.1	SLPP capability transfer
Capabilities in an SLPP context refer to the ability to support different position methods defined for SLPP (e.g., SL-RTT, SL-TDOA, etc.), different aspects of a particular position method (e.g. different types of measurements or assistance data) and common features not specific to only one position method.
The exchange of capabilities between different endpoints may be initiated by a request or sent as "unsolicited" information. If a request is used, an endpoint A sends an SLPP Request Capabilities message to an endpoint B with a request for capability information. The endpoint B sends an SLPP Provide Capabilities message.


Figure 7.11.2.1-1: SLPP Capability Transfer Procedure
1.	Endpoint A may send a request for the SLPP related capabilities to endpoint B.
2.	Endpoint B transfers its SLPP-related capabilities to endpoint A. The capabilities may refer to particular position methods or may be common to multiple position methods.
The SLPP Capability Indication procedure is used for unsolicited capability transfer.


Figure 7.11.2.1-2: SLPP Capability Indication Procedure
7.11.2.2	SLPP assistance data transfer
Assistance data may comprise SL-PRS information (e.g., SL-PRS Sequence ID) or position calculation information (e.g., SL Anchor UE location information) and may be transferred either by request or unsolicited. If a request is used, an endpoint A sends an SLPP Request Assistance Data message to an endpoint B and may indicate the assistance data needed. The endpoint B then responds with an SLPP Provide Assistance Data message.


Figure 7.11.2.2‑1: SLPP Assistance Data Transfer procedure
1.	Endpoint A may send a request to endpoint B for assistance data and may indicate the particular assistance data needed.
2.	Endpoint B transfers assistance data to endpoint A. The transferred assistance data should match any assistance data requested in step 1.
3.	Optionally, endpoint B may transfer additional assistance data to endpoint A in one or more additional SLPP messages.
SLPP Assistance Data Delivery procedure is used for unsolicited assistance data transfer.


Figure 7.11.2.2‑2: SLPP Assistance Data Delivery procedure
7.11.2.3	SLPP location information transfer
The term "location information" applies both to an actual position estimate and to values used in computing position (e.g., SL-PRS measurements). It can be delivered either in response to a request or unsolicited.


Figure 7.11.2.3‑1: SLPP Location Information Transfer procedure
1.	Endpoint A may send a request for location information to endpoint B and may indicate the type of location information needed and associated QoS.
2.	In response to step 1, the endpoint B transfers location information to endpoint A. The location information transferred should match the location information requested in step 1.
3.	Optionally (e.g., if requested in step 1), endpoint B in step 2 may transfer additional location information to endpoint A in one or more additional SLPP messages.
SLPP Location Information Delivery procedure is used for unsolicited location information transfer.


Figure 7.11.2.3‑2: SLPP Location Information Delivery procedure
[bookmark: _Toc12401771][bookmark: _Toc37259632][bookmark: _Toc46484226][bookmark: _Toc139033128][bookmark: _Toc12401769][bookmark: _Toc37259630][bookmark: _Toc46484224][bookmark: _Toc139033126]7.11.2.4	Error handling
The procedure is used to notify the sending endpoint by the receiving endpoint that the receiving SLPP message is erroneous or unexpected. 


Figure 7.11.2.4-1: SLPP Error handling
1.	Endpoint A sends a SLPP message to the other endpoint B.
2.	If the endpoint B detects that the receiving SLPP message is erroneous or unexpected, endpoint B transfers error indication information to the other endpoint A.
7.11.2.5	Abort
The procedure is used to notify the other endpoint by one endpoint to abort an ongoing SLPP procedure between the two endpoints.


Figure 7.11.2.5-1: SLPP Abort
1.	A SLPP procedure is ongoing between the endpoints.
2.	If endpoint B determines that the procedure must be aborted, endpoint B sends an SLPP Abort message to the other endpoint A carrying the transaction ID for the procedure.
[bookmark: _Toc12401770][bookmark: _Toc37259631][bookmark: _Toc46484225][bookmark: _Toc139033127]7.11.2.6	Sequence of Procedures
SLPP procedures are not required to occur in any fixed order, in order to provide greater flexibility in positioning. Despite the flexibility allowed by SLPP, it is expected that procedures will normally occur in the following order:
1.	Capability Transfer;
2.	Assistance Data Transfer;
3.	Location Information Transfer (measurements and/or location estimate).
7.12	General UE-only sidelink positioning and ranging procedure
Figure 7.12-1 shows the sequence of operation for sidelink positioning and ranging in the UE only mode of operation as further defined in TS 23.586 [46].


Figure 7.12-1: Procedure for sidelink positioning and ranging (UE-only operation)
1.	UE1 (e.g., target UE) may receive a Ranging/SL Positioning Service Request from a client UE or from its own application layer as defined in TS 23.586 [46].
2.	UE1 discovers UEs 2 to n, as described in TS 23.586 [46], if not already discovered.
3.	UE1 may obtain the sidelink positioning capabilities from UEs 2 to n using the SLPP Capability Transfer procedure described in clause 7.11.2.1.
4.	If UE1 does not support SL Server UE functionality or decides to select a different SL Server UE, a SL Server UE may be discovered (if not already discovered at step 2) and selected as described in TS 23.586 [46]. 
5.	If step 4 was performed, UE1 may send a Supplementary RSPP SL Positioning/Ranging Service Request message to the SL Server UE including the Application layer IDs of UEs 1 to n together with an indication of location results requested (e.g., absolute location, relative location or distances and directions) and desired QoS.
6.	If step 4 was performed, the SL Server UE may request the SL positioning and ranging capabilities of UE1 using the SLPP Capability Transfer procedure described in clause 7.11.2.1.
7.	If step 4 was performed, the SL Server UE may request the SL positioning and ranging capabilities of UEs 2 to n using the Supplementary RSPP Capability Transfer Procedure. The Supplementary RSPP Capability Transfer messages may include embedded SLPP Capability Transfer messages for UEs 2 to n together with their Application Layer IDs. If step 3 did not occur, UE1 obtains the sidelink positioning capabilities from UEs 2 to n using the SLPP Capability Transfer procedure described in clause 7.11.2.1 at this step.
8.	If step 4 was performed, the SL Server UE may provide assistance data for UE1 using the SLPP Assistance Data Transfer procedure described in clause 7.11.2.2.
9.	If step 4 was performed, the SL Server UE may provide assistance data for UEs 2 to n using the Supplementary RSPP Assistance Data Transfer Procedure. The Supplementary RSPP Assistance Data Transfer messages may include embedded SLPP Assistance Data Transfer messages for UEs 2 to n together with their Application Layer IDs. 
10.	UE1 may provide assistance data to UEs 2 to n using the SLPP Assistance Data Transfer procedure described in clause 7.11.2.2. If step 9 was performed, the SLPP Provide Assistance Data message includes the assistance data received from the SL Server UE at step 9.
11.	If step 4 was performed, the SL Server UE may send a SLPP Request Location Information message to UE1 as described in clause 7.11.2.3 if the ranging/positioning result determination is performed by the SL Server UE. 
12.	If step 4 was performed, the SL Server UE may request location information for UEs 2 to n using the Supplementary RSPP Location Information Transfer Procedure if the ranging/positioning result determination is performed by the SL Server UE. The Supplementary RSPP Location Information Transfer messages may include embedded SLPP Request Location Information messages for UEs 2 to n together with their Application Layer IDs.
13.	UE1 may send a request for sidelink location information to UEs 2 to n using the SLPP Location Information Transfer procedure described in clause 7.11.2.3. If step 12 was performed, the SLPP Location Information Request message includes the information received from the SL Server UE at step 12.
14.	If step 11 was performed, UE1 sends a SLPP Provide Location Information message containing the sidelink location information obtained by UE1 to the SL Server UE as described in clause 7.11.2.3.
15.	If step 12 was performed, UE1 provides the sidelink location information from UEs 2 to n to the SL Server UE using the Supplementary RSPP Location Information Transfer procedure. The Supplementary RSPP Location Information Transfer messages may include embedded SLPP Provide Location Information messages for UEs 2 to n together with their Application Layer IDs.
16.	If steps 11 or 12 (and 14 or 15) were performed, the SL Server UE performs the ranging/SL positioning results calculation.
17.	If step 5 was performed, the SL Server UE sends a SL Positioning/Ranging Service Response to UE1 including the results requested in step 5.
18.	The ranging/positioning result is delivered to the requestor from step 1.
7.13	Positioning Integrity
7.13.1	General
Positioning Integrity is supported for the following positioning methods:
-	GNSS positioning methods as specified in clause 8.1;
-	Multi-RTT positioning as specified in clause 8.10;
-	DL-AoD positioning as specified in clause 8.11;
-	DL-TDOA positioning as specified in clause 8.12;
-	UL-TDOA positioning as specified in clause 8.13;
- 	UL-AoA positioning as specified in clause 8.14.
NOTE:	The local errors/threats associated with the UE and TRP measurements are implementation dependent. For UE-based mode, local UE errors/threats may be addressed by the UE when determining protection levels. 
For UE-assisted mode and network-based positioning, an LMF may address the UE and TRP local errors from UE and/or TRP measurement results. A specific method for determining local UE and TRP errors/threats is not specified as this is implementation defined.
7.13.2	Integrity Principle of Operation
For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation            (Equation 7.13.2-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-1, Table 8.11.2.1.1-1, and Table 8.12.2.1.1-1 which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
The integrity risk probability is decomposed into a constant Residual Risk component provided in the assistance data as well as a variable IRallocation component that corresponds to the contribution from the Bound according to the Bound formula in Equation 7.13.2-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the network should ensure that Equation 7.13.2-1 holds for all possible choices of IRallocation. The Residual Risk and IRallocation components may be mapped to fault and fault-free cases respectively, but the implementation is free to choose any other decomposition of the integrity risk probability into these two components.
For GNSS Integrity in SSR, the validity time of the integrity bounds is set as equal to twice the SSR Update Interval for the given SSR Assistance Data message, i.e. the time period between the SSR Epoch Time and the SSR Epoch Time plus twice the SSR Update Interval in the GPS time scale.
Equation 7.13.2-1 holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.
Equation 7.13.2-1 holds at any epochs for which Assistance Data is provided. Providing Assistance Data without the Integrity Service Alert IE or GNSS Real Time Integrity IEs (in the case of GNSS) is interpreted as a DNU=FALSE condition. For any bound that is still valid (within its validity time), the network ensures that the Integrity Service Alert and/or GNSS Real Time Integrity IEs (in the case of GNSS) are also included in the provided Assistance Data if needed to satisfy the condition in Equation 7.13.2-1. It is up to the implementation how to handle epochs for which integrity results are desired but there are no DNU flag(s) available, e.g. the Time To Alert (TTA) may be set such that there is a "grace period" to receive the next set of DNU flags.
Only those satellites and TRPs for which the integrity assistance data are provided are monitored by the network and can be used for integrity related applications.
Where:
Error: Error is the difference between the true value of a parameter (e.g. ionosphere, troposphere etc. in the case of GNSS, or ARP location, RTD, etc. in the case of NR positioning), and its value as estimated and provided in the corresponding assistance data as per Table 8.1.2.1b-1, Table 8.11.2.1.1-1, and Table 8.12.2.1.1-1.
Bound: In the case of GNSS, Integrity Bounds provide the statistical distribution of the residual errors associated with the GNSS positioning corrections (e.g. RTK, SSR etc). In the case of GNSS, integrity bounds are used to statistically bound the residual errors after the positioning corrections have been applied. 
In the case of NR positioning, Integrity Bounds provide the statistical distribution of the errors. 
The bound is computed according to the Bound formula defined in Equation 7.13.2-2. The bound formula describes a bounding model including a mean and standard deviation (e.g. paired over-bounding Gaussian). The bound may be scaled by multiplying the standard deviation by a K factor corresponding to an IRallocation, for any desired IRallocation within the permitted range.
The bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev																	(Equation 7.13.2-2)
  K = normInv(IRallocation / 2)
  irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 8.1.2.1b-1, Table 8.11.2.1.1-1, and Table 	8.12.2.1.1-1.
	stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1, Table 8.11.2.1.1-1, and Table 	8.12.2.1.1-1.

Time-to-Alert (TTA): The maximum allowable elapsed time from when the Error exceeds the Bound until a DNU flag must be issued.
Target Integrity Risk (TIR): The probability per unit of time that the Error exceeds the Bound without issuing a DNU flag within the TTA.
DNU: The DNU flag(s) corresponding to a particular error as per Table 8.1.2.1b-1, Table 8.11.2.1.1-1, and Table 8.12.2.1.1-1. Where multiple DNU flags are specified, the DNU condition in Equation 7.13.2-1 is present when any of the flags are true (logical OR of the flags).
Residual Risk: The residual risk is the component of the integrity risk provided in the assistance data as per Table 8.1.2.1b-1, Table 8.11.2.1.1-1, and Table 8.12.2.1.1-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component in any way that satisfies Equation 7.13.2-1.
The Residual Risk is the Probability of Onset which is defined per unit of time and represents the probability that the feared event begins. Each Residual Risk is accompanied by a Mean Duration which represents the expected mean duration of the corresponding feared event and is used to convert the Probability of Onset to a probability that the feared event is present at any given time, i.e.
P(Feared Event is Present) = Mean Duration * Probability of Onset of Feared Event		(Equation 7.13.2-3)
irMinimum, irMaximum: Minimum and maximum allowable values of IRallocation that may be chosen by the client. Provided as service parameters from the Network according to Integrity Service Parameters.
Correlation Times: The minimum time interval beyond which two sets of assistance data parameters for a given error can be considered to be independent from one another.
[bookmark: _Toc139052001]
8.1.1a	Void
[bookmark: _Hlk93842271][bookmark: _Hlk93840853][bookmark: _Toc12632661][bookmark: _Toc29305355][bookmark: _Toc37338173][bookmark: _Toc46489016][bookmark: _Toc52567369]8.1.1a	Integrity Principle of Operation
For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation               (Equation 8.1.1a-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
The integrity risk probability is decomposed into a constant Residual Risk component provided in the assistance data as well as a variable IRallocation component that corresponds to the contribution from the Bound according to the Bound formula in Equation 8.1.1a-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the network should ensure that Equation 8.1.1a-1 holds for all possible choices of IRallocation. The Residual Risk and IRallocation components may be mapped to fault and fault-free cases respectively, but the implementation is free to choose any other decomposition of the integrity risk probability into these two components.
[bookmark: _Hlk96502874]The validity time of the integrity bounds is set as equal to twice the SSR Update Interval for the given SSR Assistance Data message, i.e. the time period between the SSR Epoch Time and the SSR Epoch Time plus twice the SSR Update Interval in the GPS time scale.
Equation 8.1.1a-1 holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.
Equation 8.1.1a-1 holds at any epochs for which Assistance Data is provided. Providing Assistance Data without the Integrity Service Alert IE or Real Time Integrity IEs is interpreted as a DNU=FALSE condition. For any bound that is still valid (within its validity time), the network ensures that the Integrity Service Alert and/or Real Time Integrity IEs are also included in the provided Assistance Data if needed to satisfy the condition in Equation 8.1.1a-1. It is up to the implementation how to handle epochs for which integrity results are desired but there are no DNU flag(s) available, e.g. the Time To Alert (TTA) may be set such that there is a "grace period" to receive the next set of DNU flags.
Only those satellites for which the GNSS integrity assistance data are provided are monitored by the network and can be used for integrity related applications.
Where:
Error: Error is the difference between the true value of a GNSS parameter (e.g. ionosphere, troposphere etc.), and its value as estimated and provided in the corresponding assistance data as per Table 8.1.2.1b-1
Bound: Integrity Bounds provide the statistical distribution of the residual errors associated with the GNSS positioning corrections (e.g. RTK, SSR etc). Integrity bounds are used to statistically bound the residual errors after the positioning corrections have been applied. The bound is computed according to the Bound formula defined in Equation 8.1.1a-2. The bound formula describes a bounding model including a mean and standard deviation (e.g. paired over-bounding Gaussian). The bound may be scaled by multiplying the standard deviation by a K factor corresponding to an IRallocation, for any desired IRallocation within the permitted range.
Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev																	(Equation 8.1.1a-2)
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 8.1.2.1b-1
	stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1

Time-to-Alert (TTA): The maximum allowable elapsed time from when the Error exceeds the Bound until a DNU flag must be issued.
Target Integrity Risk (TIR): The probability per unit of time that the Error exceeds the Bound without issuing a DNU flag within the TTA.
DNU: The DNU flag(s) corresponding to a particular error as per Table 8.1.2.1b-1. Where multiple DNU flags are specified, the DNU condition in Equation 8.1.1a-1 is present when any of the flags are true (logical OR of the flags).
Residual Risk: The residual risk is the component of the integrity risk provided in the assistance data as per Table 8.1.2.1b-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component in any way that satisfies Equation 8.1.1a-1.
The Residual Risk is the Probability of Onset which is defined per unit of time and represents the probability that the feared event begins. Each Residual Risk is accompanied by a Mean Duration which represents the expected mean duration of the corresponding feared event and is used to convert the Probability of Onset to a probability that the feared event is present at any given time, i.e.
P(Feared Event is Present) = Mean Duration * Probability of Onset of Feared Event		(Equation 8.1.1a-3)
irMinimum, irMaximum: Minimum and maximum allowable values of IRallocation that may be chosen by the client. Provided as service parameters from the Network according to Integrity Service Parameters.
Correlation Times: The minimum time interval beyond which two sets of GNSS assistance data parameters for a given error can be considered to be independent from one another.
[bookmark: _Toc139052004]
[bookmark: _Toc139052037][bookmark: _Hlk90645121][bookmark: _Hlk93841362]8.1.2.1b	Mapping of integrity parameters
Table 8.1.2.1b-1 shows the mapping between the integrity fields and the SSR assistance data according to the Integrity Principle of Operation (Clause 8.1.1a7.13.2). The corresponding field descriptions for each of the field names listed in Table 8.1.2.1b-1 are specified under Clause 6.5.2.2 of TS 37.355 [42].
Table 8.1.2.1b-1: Mapping of Integrity Parameters
	Error
	GNSS Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks
	Integrity Correlation Times

	Orbit
	SSR Orbit Corrections
	Real-Time Integrity
(see Clause 8.1.2.1.8)
	Mean Orbit Error
Mean Orbit Rate Error
(Calculated according to Equation 8.1.2.1.21-1)
	Standard Deviation Orbit Error
Standard Deviation Orbit Rate Error
(Calculated according to Equation 8.1.2.1.21-1)
	Probability of Onset of Constellation Fault

Probability of Onset of Satellite Fault

Mean Constellation Fault Duration

Mean Satellite Fault Duration
	Orbit Range Error Correlation Time

Orbit Range Rate Error Correlation Time

	Clock
	SSR Clock Corrections
	
	Mean Clock Error
Mean Clock Rate Error
	Standard Deviation Clock Error
Standard Deviation Clock Rate Error
	
	Clock Range Error Correlation Time

Clock Range Rate Error Correlation Time

	Code Bias
	SSR Code Bias
	
	Mean Code Bias Error

Mean Code Bias Rate Error
	Standard Deviation Code Bias Error

Standard Deviation Code Bias Rate Error
	
	

	Phase Bias
	SSR Phase Bias
	
	Mean Phase Bias Error

Mean Phase Bias Rate Error
	Standard Deviation Phase Bias Error

Standard Deviation Phase Bias Rate Error
	
	

	Ionosphere
	SSR STEC Correction
	Ionosphere DNU
	Mean Ionospherre Error

Mean Ionospherre Rate Error
	Standard Deviation Ionosphere Error

Standard Deviation Ionosphere Rate Error
	Probability of Onset of Ionosphere Fault

Mean Ionosphere Fault Duration
	Ionosphere Range Error Correlation Time
Ionosphere Range Rate Error Correlation Time

	Troposphere Vertical Hydro Static Delay
	SSR Gridded Corrections
	Troposphere DNU

	Mean Troposphere Vertical Hydro Static Delay Error

Mean Troposphere Vertical Hydro Static Delay Rate Error
	Standard Deviation Troposphere Vertical Hydro Static Delay Error

Standard Deviation Troposphere Vertical Hydro Static Delay Rate Error
	Probability of Onset of Troposphere Fault

Mean Troposphere Fault Duration
	Troposphere Range Error Correlation Time

Troposphere Range Rate Error Correlation Time

	TroposphereVertical WetDelay
	
	
	Mean Troposphere Vertical Wet Delay Error

Mean Troposphere Vertical Wet Delay Rate Error
	Standard Deviation Troposphere Vertical Wet Delay Error

Standard Deviation Troposphere Vertical Wet Delay Rate Error
	
	



[bookmark: _Toc12632687][bookmark: _Toc29305381][bookmark: _Toc37338204][bookmark: _Toc46489047][bookmark: _Toc52567400][bookmark: _Toc139052038]
[bookmark: _Toc37338343][bookmark: _Toc46489186][bookmark: _Toc52567544][bookmark: _Toc139052183]8.10	Multi-RTT positioning
[bookmark: _Toc37338344][bookmark: _Toc46489187][bookmark: _Toc52567545][bookmark: _Toc139052184]8.10.1	General
In the Multi-RTT positioning method, the UE position is estimated based on measurements performed at both, UE and TRPs. The measurements performed at the UE and TRPs are UE/gNB Rx-Tx time difference measurements (and optionally DL-PRS-RSRP, DL-PRS-RSRPP, UL-SRS-RSRP, and/or UL-SRS-RSRPP, and/or DL-RSCP/UL-RSCP) of DL-PRS and UL-SRS, which are used by an LMF to determine the RTTs.
The UE may require measurement gaps to perform the Multi-RTT measurements from NR TRPs. The UE may request measurement gaps from a gNB using the procedure described in clause 7.4.1.1. The UE may also request to activate pre-configured measurement gaps as described in clause 7.7.2.
[bookmark: _Toc37338345][bookmark: _Toc46489188][bookmark: _Toc52567546][bookmark: _Toc139052185]8.10.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and UE/gNB.
[bookmark: _Toc37338346][bookmark: _Toc46489189][bookmark: _Toc52567547][bookmark: _Toc139052186]8.10.2.1	Information that may be transferred from the LMF to UE
The information that may be transferred from the LMF to the UE are listed in Table 8.10.2.1-1.
Table 8.10.2.1-1: Assistance data that may be transferred from LMF to the UE
	Information 

	Physical cell IDs (PCIs), global cell IDs (GCIs), and PRS IDs, ARFCNs of candidate NR TRPs for measurement

	Timing relative to the serving (reference) TRP of candidate NR TRPs

	DL-PRS configuration of candidate NR TRPs

	Indication of which DL-PRS Resource Sets across DL-PRS positioning frequency layers are linked for DL-PRS bandwidth aggregation

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	PRS-only TP indication

	On-Demand DL-PRS-Configurations, possibly together with information on which configurations are available for DL-PRS bandwidth aggregation

	Validity Area of the Assistance Data



[bookmark: _Toc37338347][bookmark: _Toc46489190][bookmark: _Toc52567548][bookmark: _Toc139052187]8.10.2.2	Information that may be transferred from the UE to LMF
The information that may be signalled from UE to the LMF is listed in Table 8.10.2.2-1. The individual UE measurements are defined in TS 38.215 [37].
Table 8.10.2.2-1: Measurement results that may be transferred from UE to the LMF
	Information

	PCI, GCI, and PRS ID, ARFCN, PRS resource ID, PRS resource set ID for each measurement

	DL-PRS-RSRP measurement

	UE Rx-Tx time difference measurement

	DL-RSCP measurementNOTE1, NOTE2

	Time stamp of the measurement

	Quality for each measurement

	TA offset used by UE

	UE Rx TEG IDs, UE Tx TEG IDs, and UE RxTx TEG IDs associated with UE Rx-Tx time difference measurements 

	LOS/NLOS information for UE measurements 

	DL-PRS-RSRPP measurement

	The association of UE Tx TEG ID and SRS

	Indication that DL-PRS bandwidth aggregation has been used for UE Rx-Tx time difference measurement

	Indication that the reported measurements are based on receiving single or multiple hops of DL-PRS

	NOTE 1: 	The DL-RSCP measurement may be reported along with the UE Rx-Tx time difference measurement.
NOTE 2: 	The DL-RSCP is measured from a single DL PRS positioning frequency layer.



[bookmark: _Toc37338348][bookmark: _Toc46489191][bookmark: _Toc52567549][bookmark: _Toc139052188]8.10.2.3	Information that may be transferred from the gNB to LMF
The assistance data that may be transferred from gNB to the LMF is listed in Table 8.10.2.3-1.
[bookmark: _Hlk23431780]Table 8.10.2.3-1: Assistance data that may be transferred from gNB to the LMF
	Information 

	PCI, GCI, ARFCN and TRP IDs of the TRPs served by the gNB

	Timing information of TRPs served by the gNB

	DL-PRS configuration of the TRPs served by the gNB

	Indication of which DL-PRS Resource Sets across DL-PRS positioning frequency layers are linked for DL-PRS bandwidth aggregation

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Spatial direction information of the DL-PRS Resources of the TRPs served by the gNB

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type

	On-demand DL-PRS information, possibly together with information on which configurations are available for DL-PRS bandwidth aggregation

	TRP Tx TEG association information



The configuration data for a target UE that may be transferred from the serving gNB to the LMF is listed in Table 8.10.2.3-2.
Table 8.10.2.3-2: UL information/UE configuration data that may be transferred from serving gNB to the LMF
	UE configuration data

	UE SRS configuration

	SFN initialization time for the SRS configuration

	SRS Transmission Status



The measurement results that may be signalled from gNBs to the LMF is listed in Table 8.10.2.3-3.
Table 8.10.2.3-3: Measurement results that may be transferred from gNBs to the LMF
	Measurement results

	NCGI and TRP ID of the measurement

	gNB Rx-Tx time difference measurement

	UL-SRS-RSRP

	UL-SRS-RSRPP

	UL-RSCP measurement

	UL Angle of Arrival (azimuth and/or elevation) NOTE 1

	Multiple UL Angle of Arrival (azimuth and/or elevation) NOTE 1

	SRS Resource Type

	Time stamp of the measurement

	Quality for each measurement

	[bookmark: _Hlk23885320]Beam Information of the measurement

	LoS/NLoS information for each measurement

	ARP ID of the measurement

	NOTE 1:	When used with UL-AoA for hybrid positioning.



[bookmark: _Toc37338349][bookmark: _Toc46489192][bookmark: _Toc52567550][bookmark: _Toc139052189]8.10.2.4	Information that may be transferred from the LMF to gNBs
The requested UL-SRS transmission characteristics information that may be signalled from the LMF to the gNB is listed in Table 8.10.2.4-1.
Table 8.10.2.4-1: Requested UL-SRS transmission characteristics information that may be transferred from LMF to gNB.
	Information 

	Number Of Transmissions/duration for which the UL-SRS is requested

	Bandwidth

	Resource type (periodic, semi-persistent, aperiodic)

	Number of requested SRS resource sets and SRS resources per set

	Pathloss reference:
	- PCI, SSB Index
	- DL-PRS ID, DL-PRS Resource Set ID, DL-PRS Resource ID

	Spatial relation info
	- PCI, SSB Index
	- DL-PRS ID, DL-PRS Resource Set ID, DL-PRS Resource ID
	- NZP CSI-RS Resource ID
	- SRS Resource ID
	- Positioning SRS Resource ID

	Periodicity of the SRS for each SRS resource set

	SSB Information

	Carrier frequency of SRS transmission bandwidth



The TRP measurement request information that may be signalled from the LMF to the gNBs is listed in Table 8.10.2.4-2.
Table 8.10.2.4-2: TRP Measurement request information that may be transferred from LMF to gNBs.
	Information 

	TRP ID, and NCGI of the TRP to receive UL-SRS

	UE-SRS configuration

	UL timing information together with timing uncertainty, for reception of SRS by candidate TRPs

	Report characteristics for the measurements

	Measurement Quantities

	Measurement periodicity

	Measurement beam information request

	Search window information

	Expected UL AoA/ZoA and uncertainty range

	Number of TRP Rx TEGs

	Number of TRP RxTx TEGs

	Response time

	Measurement characteristics request indicator

	Measurement time occasions for a measurement instance



[bookmark: _Toc37338350]The Positioning Activation/Deactivation request information that may be signalled from the LMF to the gNB is listed in Table 8.10.2.4-3.
Table 8.10.2.4-3: Requested positioning activation/deactivation information that may be transferred from LMF to gNB.
	Information 

	SP UL-SRS:
	- Activation or Deactivation request
	- Positioning SRS Resource Set ID which is to be activated/deactivated
	- Spatial relation for Resource IDi
	- Activation Time

	Aperiodic UL-SRS
	- Aperiodic SRS Resource Trigger List
	- Activation Time

	UL-SRS:
	- Release all



[bookmark: _Toc46489193][bookmark: _Toc52567551][bookmark: _Toc139052190]8.10.3	Multi-RTT Positioning Procedures
The procedures described in this clause support Multi-RTT positioning measurements obtained by the UE and TRPs/gNB.
[bookmark: _Toc37338351][bookmark: _Toc46489194][bookmark: _Toc52567552][bookmark: _Toc139052191]8.10.3.1	Procedures between LMF and UE
[bookmark: _Hlk29908660][bookmark: _Toc37338352][bookmark: _Toc46489195][bookmark: _Toc52567553][bookmark: _Toc139052192]8.10.3.1.1	Capability Transfer Procedure
The Capability Transfer procedure for Multi-RTT positioning is described in clause 7.1.2.1.
[bookmark: _Toc37338353][bookmark: _Toc46489196][bookmark: _Toc52567554][bookmark: _Toc139052193]8.10.3.1.2	Assistance Data Transfer Procedure
[bookmark: _Toc37338354][bookmark: _Toc46489197][bookmark: _Toc52567555][bookmark: _Toc139052194]8.10.3.1.2.1	Assistance Data Transfer between LMF and UE
The purpose of this procedure is to enable the LMF to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the LMF (e.g., as part of a positioning procedure). The LMF may provide the pre-configured DL-PRS assistance data (with associated validity criteria) to the UE (before or during an ongoing LPP positioning session), to be utilized for potential positioning measurements at a future time. Pre-configured DL-PRS assistance data may consist of multiple instances, where each instance is applicable to a different area within the network. One or more assistance data instances may be provided. Each instance is provided in one LPP Assistance Data messages.
If a UE receives assistance data for a TRP for which it has already stored assistance data, it overwrites the stored assistance data, whereas if a UE receives assistance data for a TRP for which it has not stored assistance data, it stores the assistance data for the TRP and maintains the already stored assistance data for other TRPs. The TRPs are uniquely identified using a combination of PRS-ID and Cell-ID. The number TRPs for which the UE can store Assistance Data is a UE capability and is indicated by the number of areas a UE can support.
[bookmark: _Toc37338355][bookmark: _Toc46489198][bookmark: _Toc52567556][bookmark: _Toc139052195]8.10.3.1.2.1.1	LMF initiated Assistance Data Delivery
Figure 8.10.3.1.2.1.1-1 shows the Assistance Data Delivery operations for the Multi-RTT positioning method when the procedure is initiated by the LMF.


Figure 8.10.3.1.2.1.1-1: LMF-initiated Assistance Data Delivery Procedure
(1)	The LMF determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the Multi-RTT positioning assistance data defined in Table 8.10.2.1-1.
[bookmark: _Toc37338356][bookmark: _Toc46489199][bookmark: _Toc52567557][bookmark: _Toc139052196]8.10.3.1.2.1.2	UE initiated Assistance Data Transfer
Figure 8.10.3.1.2.1.2-1 shows the Assistance Data Transfer operations for the Multi-RTT positioning method when the procedure is initiated by the UE.


Figure 8.10.3.1.2.1.2-1: UE-initiated Assistance Data Transfer Procedure
(1)	The UE determines that certain Multi-RTT positioning assistance data are desired (e.g., as part of a positioning procedure when the LMF provided assistance data are not sufficient for the UE to fulfil the request) and sends an LPP Request Assistance Data message to the LMF. This request includes an indication of which specific Multi-RTT assistance data are requested. Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the LMF provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving NG-RAN node and possibly neighbour NG-RAN nodes, as well as NR E-CID measurements.
(2)	The LMF provides the requested assistance in an LPP Provide Assistance Data message, if available at the LMF. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the LMF. If none of the UE requested assistance data in step (1) can be provided by the LMF, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
[bookmark: _Toc37338357][bookmark: _Toc46489200][bookmark: _Toc52567558][bookmark: _Toc139052197]8.10.3.1.3	Location Information Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from the UE, or to enable the UE to provide location measurements to the LMF for position calculation.
[bookmark: _Toc37338358][bookmark: _Toc46489201][bookmark: _Toc52567559][bookmark: _Toc139052198]8.10.3.1.3.1	LMF-initiated Location Information Transfer Procedure
Figure 8.10.3.1.3.1-1 shows the Location Information Transfer operations for the Multi-RTT positioning method when the procedure is initiated by the LMF.


Figure 8.10.3.1.3.1-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends an LPP Request Location Information message to the UE. This request includes indication of Multi-RTT measurements requested, including any needed measurement configuration information, and required response time. 
The LPP Request Location Information message may include one or more time windows during which the target device (which may be a UE or a PRU) is requested to perform the Multi-RTT measurements on indicated DL-PRS Resource Sets.
The LPP Request Location Information message may include a request to perform joint UE Rx-Tx time difference measurement(s) across two or three DL-PRS positioning frequency layers.
The LPP Request Location Information message may include a request to perform the Multi-RTT measurements using receiver frequency hopping for a DL PRS resource within a configured measurement gap.
(2)	The UE obtains Multi-RTT measurements as requested in step 1. The UE then sends an LPP Provide Location Information message to the LMF, before the Response Time provided in step (1) elapsed, and includes the obtained Multi-RTT measurements. If the UE is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.
[bookmark: _Toc37338359][bookmark: _Toc46489202][bookmark: _Toc52567560][bookmark: _Toc139052199]8.10.3.1.3.2	UE-initiated Location Information Delivery procedure
Figure 8.10.3.1.3.2-1 shows the Location Information Delivery procedure operations for the Multi-RTT positioning method when the procedure is initiated by the UE.


Figure 8.10.3.1.3.2-1: UE-initiated Location Information Delivery Procedure.
(1)	The UE sends an LPP Provide Location Information message to the LMF. The Provide Location Information message may include any UE Multi-RTT measurements already available at the UE.
[bookmark: _Toc37338360][bookmark: _Toc46489203][bookmark: _Toc52567561][bookmark: _Toc139052200]8.10.3.2	Procedures between LMF and gNB
[bookmark: _Hlk32311233][bookmark: _Toc37338361][bookmark: _Toc46489204][bookmark: _Toc52567562][bookmark: _Toc139052201]8.10.3.2.1	Assistance Data Delivery between LMF and gNB
The purpose of these procedures is to enable the gNB to provide assistance data described in Table 8.10.2.3-1 to the LMF, for subsequent delivery to the UE using the procedures of clause 8.10.3.1.2.1 or for use in the calculation of positioning estimates at the LMF or enable the LMF to request UL-SRS configuration information from the serving gNB of a target UE.
Figure 8.10.3.2.1-1 shows the TRP Information Exchange operation from the gNB to the LMF for the Multi-RTT positioning method.


Figure 8.10.3.2.1-1: LMF-initiated TRP Information Exchange Procedure
(1)	The LMF determines that certain TRP configuration information is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa TRP INFORMATION REQUEST message to the gNB. This request includes an indication of which specific TRP configuration information is requested.
(2)	The gNB provides the requested TRP information in an NRPPa TRP INFORMATION RESPONSE message, if available at the gNB. If the gNB is not able to provide any information, it returns an TRP INFORMATION FAILURE message indicating the cause of the failure.
Figure 8.10.3.2.1-2 shows the UL information Delivery operation from the serving gNB to the LMF.


Figure 8.10.3.2.1-2: LMF-initiated UL Information Request Procedure
(1)	The LMF sends a NRPPa message POSITIONING INFORMATION REQUEST to the serving gNB of the target UE to request UE SRS configuration information. If the message includes the Requested UL-SRS Transmission Characteristics as listed in Table 8.10.2.4-1, the gNB should take this information into account when configuring UL-SRS transmissions for the UE.
(2)	The serving gNB determines the UE SRS configuration to be allocated for the UE and sends NRPPa message POSITIONING INFORMATION RESPONSE to the LMF that includes the UE SRS configuration defined in Table 8.10.2.3-2. If the serving gNB is not able to provide the requested information, it returns a failure message indicating the cause of the failure.
(3)	If a change has occurred in the UE SRS configuration during the UE SRS time duration requested at step 1, the gNB sends a POSITIONING INFORMATION UPDATE message to the LMF. This message contains, in the case of a change in UE SRS configuration parameters, the UE SRS configuration information for all cells with UE SRS configured, or an update in SRS transmission status.
[bookmark: _Toc37338362][bookmark: _Toc46489205][bookmark: _Toc52567563][bookmark: _Toc139052202]8.10.3.2.2	Location Information Transfer/Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from a gNB for position calculation of the UE and also provide necessary assistance data to the gNB.
Figure 8.10.3.2.2-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.10.3.2.2-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends a NRPPa message to the selected gNB to request Multi-RTT measurement information. The message includes any information required for the gNB to perform the measurements as defined in Table 8.10.2.4-2.
(2)	If the report characteristics in step 1 is set to "on demand", the gNB obtains the requested Multi-RTT measurements and returns them in a Measurement Response message to the LMF. The Measurement Response message includes the obtained Multi-RTT measurements as defined in Table 8.10.2.3-3.
If the report characteristics in step 1 is set to "periodic", the gNB replies with a Measurement Response message without including any measurements in the message. The gNB then periodically initiates the Measurement Report procedure in step 3 for the Multi-RTT measurements, with the requested reporting periodicity.

If the gNB is not able to accept the Measurement Request message in step 1, the gNB returns a failure message indicating the cause of the failure.
(3)	The gNB periodically provides the Multi-RTT measurements as defined in Table 8.10.2.3-3. to the LMF if that was requested at step 1.
(4)	At any time after step 2, the LMF may send a Measurement Update message to the gNB providing updated information required for the gNB to perform the Multi-RTT measurements as defined in Table 8.10.2.4-2. Upon receiving the message, the gNB overwrites the previously received measurement configuration information.
(5)	If the previously requested Multi-RTT measurements can no longer be reported, the gNB notifies the LMF by sending a Measurement Failure Indication message.
(6)	When the LMF wants to abort an ongoing Multi-RTT measurement it sends a Measurement Abort message to the gNB.
[bookmark: _Toc46489206][bookmark: _Toc52567564][bookmark: _Toc139052203][bookmark: _Toc37338363][bookmark: _Hlk23431113]8.10.3.2.3	Positioning Activation/Deactivation Procedure
The purpose of this procedure is to enable the LMF to request activation and deactivation of UL-SRS transmission of the target UE.
Figure 8.10.3.2.3-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.10.3.2.3-1: Positioning Activation/Deactivation Procedure.
(1)	The LMF sends the NRPPa Positioning Activation Request message to the serving gNB of the target UE to request UL-SRS activation for the target UE. For a semi-persistent UL-SRS, the message includes an indication of an UL-SRS resource set to be activated and may include information that indicates the spatial relation for the semi-persistent UL-SRS resource to be activated, as listed in Table 8.10.2.4-3. For an aperiodic UL-SRS, the message may include aperiodic SRS Resource trigger list to indicate the UL-SRS resource to be activated.
(2)	For semi-persistent UL-SRS, the serving gNB may then activate the configured semi-persistent UL-SRS resource sets by sending the SP Positioning SRS Activation/Deactivation MAC CE command as specified in TS 38.321 [39]. For aperiodic UL-SRS, the serving gNB may then activate the configured aperiodic UL-SRS resource sets by sending the DCI as specified in TS 38.212 [40].
If the UL-SRS has been successfully activated as requested in step 1, the gNB sends the NRPPa Positioning Activation Response message to the LMF. The serving gNB may include a system frame number and a slot number in the NRPPa Positioning Activation Response message to the LMF. If the serving gNB is not able to fulfil the request from step 1, it returns the Positioning Activation Failure message indicating the cause of the failure.
(3)	If a previously activated UL-SRS should be deactivated, or the UL-SRS transmission should be released, the LMF sends the NRPPa Positioning Deactivation message to the serving gNB of the target device to request deactivation of UL-SRS resource sets, or release all the UL-SRS resources. This message includes an indication of the UL-SRS resource set to be deactivated, or an indication of releasing all UL-SRS resources.
[bookmark: _Toc46489207][bookmark: _Toc52567565][bookmark: _Toc139052204]8.10.4	Sequence of Procedure for Multi-RTT positioning
[bookmark: _Hlk29907095]Figure 8.10.4-1 shows the messaging between the LMF, the gNBs and the UE to perform LMF-initiated Location Information Transfer Procedure for Multi-RTT.


Figure 8.10.4-1: Multi-RTT positioning procedure
0.	The LMF may use the procedure in Figure 8.10.3.2.1-1 to obtain the TRP information required for Multi-RTT positioning.
1.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure described in clause 8.10.3.1.1.
2.	The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request UL information for the target device as described in Figure 8.10.3.2.1-2.
3.	The serving gNB determines the resources available for UL-SRS and configures the target device with the UL-SRS resource sets at step 3a.
4.	The serving gNB provides the UL-SRS configuration information to the LMF in a NRPPa POSITIONING INFORMATION RESPONSE message.
[bookmark: _Hlk30678308]NOTE:	It is up to implementation on whether SRS configuration is provided earlier than DL-PRS configuration.
5.	In the case of semi-persistent or aperiodic SRS, the LMF may request activation of UE SRS transmission by sending a NRPPa Positioning Activation Request message to the serving gNB of the target device as described in clause 8.10.3.2.3. The gNB then activates the UE SRS transmission and sends a NRPPa Positioning Activation Response message. The target device begins the UL-SRS transmission according to the time domain behavior of UL-SRS resource configuration.
6.	The LMF provides the UL information to the selected gNBs in a NRPPa MEASUREMENT REQUEST message as described in clause 8.10.3.2.2. The message includes all information required to enable the gNBs/TRPs to perform the UL measurements.
7.	The LMF sends a LPP Provide Assistance Data message to the target device as described in clause 8.10.3.1.2.1. The message includes any required assistance data for the target device to perform the necessary DL-PRS measurements.
8.	The LMF sends a LPP Request Location Information message to request Multi-RTT measurements.
9a:	The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 7.
9b:	Each gNB configured at step 6 measures the UE SRS transmissions from the target device.
10.	The target device reports the DL-PRS measurements for Multi-RTT to the LMF in a LPP Provide Location Information message.
11.	Each gNB reports the UE SRS measurements to the LMF in a NRPPa Measurement Response message as described in clause 8.10.3.2.2.
12.	The LMF sends a NRPPa POSITIONING DEACTIVATION message to the serving gNB as described in clause 8.10.3.2.3.
13.	The LMF determines the RTTs from the UE and gNB Rx-Tx time difference measurements for each gNB for which corresponding UL and DL measurements were provided at steps 10 and 11 and calculates the position of the target device.
[bookmark: _Toc37338364][bookmark: _Toc46489208][bookmark: _Toc52567566][bookmark: _Toc139052205]8.11	DL-AoD positioning
[bookmark: _Toc37338365][bookmark: _Toc46489209][bookmark: _Toc52567567][bookmark: _Toc139052206]8.11.1	General
In the DL-AoD positioning method, the UE position is estimated based on DL-PRS-RSRP and/or DL-PRS-RSRPP measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the spatial information of the downlink radio signals and geographical coordinates of the TRPs.
The UE while connected to a gNB may require measurement gaps to perform the DL-AoD measurements from NR TRPs. The UE may request measurement gaps from a gNB using the procedure described in clause 7.4.1.1. The UE may also request to activate pre-configured measurement gaps as described in clause 7.7.2.
The specific positioning techniques used to estimate the UE's location from this information are beyond the scope of this specification.
[bookmark: _Toc37338366][bookmark: _Toc46489210][bookmark: _Toc52567568][bookmark: _Toc139052207]8.11.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and UE/gNB.
[bookmark: _Toc37338367][bookmark: _Toc46489211][bookmark: _Toc52567569][bookmark: _Toc139052208]8.11.2.1	Information that may be transferred from the LMF to UE
The information that may be transferred from the LMF to the UE are listed in table 8.11.2.1-1.
Table 8.11.2.1-1: Assistance data that may be transferred from LMF to the UE
	Information 
	UE-assisted
	UE-based

	Physical cell IDs (PCIs), global cell IDs (GCIs), ARFCN, and PRS IDs of candidate NR TRPs for measurement
	Yes
	Yes

	Timing relative to the serving (reference) TRP of candidate NR TRPs
	Yes
	Yes

	DL-PRS configuration of candidate NR TRPs
	Yes
	Yes

	SSB information of the TRPs (the time/frequency occupancy of SSBs)
	Yes
	Yes

	Spatial direction information (e.g. azimuth, elevation etc.) of the DL-PRS Resources of the TRPs served by the gNB
	Yes
	Yes

	Geographical coordinates of the TRPs served by the gNB (include a transmission reference location for each DL-PRS Resource ID, reference location for the transmitting antenna of the reference TRP, relative locations for transmitting antennas of other TRPs)
	No
	Yes

	PRS-only TP indication
	Yes
	Yes

	TRP beam/antenna information (including azimuth angle, zenith angle and relative power between PRS resources per angle per TRP)
	No
	Yes 

	LOS/NLOS indicators
	No
	Yes

	On-Demand DL-PRS-Configurations
	Yes
	Yes

	Expected Angle Assistance information
	Yes
	Yes

	PRS priority list 
	Yes
	Yes

	Validity Area of the Assistance Data
	Yes
	Yes

	Data facilitating the integrity results determination of the calculated location
	No
	Yes



[bookmark: _Toc103272374]8.11.2.1.1	Mapping of integrity parameters
Table 8.11.2.1.1-1 shows the mapping between the integrity fields and the assistance data according to the Integrity Principle of Operation (Clause 7.13.2). The corresponding field descriptions for each of the field names listed in Table 8.11.2.1.1-1 are specified in TS 37.355 [42].
Table 8.11.2.1.1-1: Mapping of Integrity Parameters
	Error
	NR Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks
	Integrity Correlation Times

	TRP location
	NR-TRP-LocationInfo
	TRP DNU
	Mean TRP/ARP location error
	Standard deviation TRP/ARP location error
	Probability of Onset of TRP fault

Mean TRP fault duration
	TRP/ARP location error correlation time

	Boresight Direction of DL-PRS Resource
	NR-DL-PRS-BeamInfo
	DL-PRS Boresight Direction DNU
	Mean Azimuth/ Elevation Error of DL-PRS Resource boresight direction
	Standard deviation Azimuth/Elevation Error of DL-PRS Resource boresight direction
	
	Beam Boresight Direction Angle Error Correlation Time

	Beam information of DL-PRS
	NR-TRP-BeamAntennaInfo
	DL-PRS Beam Information DNU
	Mean Beam Power Error per direction
	Standard deviation Beam Power Error per direction
	
	Beam Power Error Correlation Time



[bookmark: _Toc37338368][bookmark: _Toc46489212][bookmark: _Toc52567570][bookmark: _Toc139052209][bookmark: _Hlk23434083]8.11.2.2	Information that may be transferred from the UE to LMF
The information that may be signalled from UE to the LMF is listed in Table 8.11.2.2-1. The individual UE measurements are defined in TS 38.215 [37].
Table 8.11.2.2-1: Measurement results that may be transferred from UE to the LMF
	Information 
	UE‑assisted 
	UE‑based 

	Latitude/Longitude/Altitude, together with uncertainty shape
	No
	Yes

	PCI, GCI, ARFCN, PRS resource ID, PRS resource set ID and PRS ID for each measurement
	Yes
	No

	DL-PRS-RSRP measurement
	Yes
	No

	Time stamp of the measurements
	Yes
	No

	Time stamp of location estimate
	No
	Yes

	DL-PRS receive beam index
	Yes
	No

	DL-PRS-RSRPP measurements
	Yes
	No

	LOS/NLOS information for UE measurements
	Yes
	No

	Protection Level, optionally together with achievable Target Integrity Risk
	No
	Yes



[bookmark: _Toc37338369][bookmark: _Toc46489213][bookmark: _Toc52567571][bookmark: _Toc139052210]8.11.2.3	Information that may be transferred from the gNB to LMF
[bookmark: _Hlk29911368]The assistance data that may be transferred from gNB to the LMF is listed in Table 8.11.2.3-1.
Table 8.11.2.3-1: Assistance data that may be transferred from gNB to the LMF
	Information 

	PCI, GCI, ARFCN, and TRP IDs of the TRPs served by the gNB

	Timing information of TRPs served by the gNB

	DL-PRS configuration of the TRPs served by the gNB

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Spatial direction information of the DL-PRS Resources of the TRPs served by the gNB

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type

	On-demand DL-PRS information

	TRP beam antenna information



[bookmark: _Toc37338370][bookmark: _Toc46489214][bookmark: _Toc52567572][bookmark: _Toc139052211]8.11.3	DL-AoD Positioning Procedures
The procedures described in this clause support UE-assisted and UE-based DL-AOD.
[bookmark: _Toc37338371][bookmark: _Toc46489215][bookmark: _Toc52567573][bookmark: _Toc139052212]8.11.3.1	Procedures between LMF and UE
[bookmark: _Toc37338372][bookmark: _Toc46489216][bookmark: _Toc52567574][bookmark: _Toc139052213]8.11.3.1.1	Capability Transfer Procedure
The Capability Transfer procedure for DL-AoD positioning is described in clause 7.1.2.1.
[bookmark: _Toc37338373][bookmark: _Toc46489217][bookmark: _Toc52567575][bookmark: _Toc139052214]8.11.3.1.2	Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the LMF (e.g., as part of a positioning procedure). The LMF may provide the pre-configured DL-PRS assistance data (with associated validity criteria) to the UE (before or during an ongoing LPP positioning session), to be utilized for potential positioning measurements at a future time. Pre-configured DL-PRS assistance data may consist of multiple instances, where each instance is applicable to a different area within the network. One or more assistance data instances may be provided. Each instance is provided in one LPP Assistance Data messages.
If a UE receives assistance data for a TRP for which it has already stored assistance data, it overwrites the stored assistance data, whereas if a UE receives assistance data for a TRP for which it has not stored assistance data, it stores the assistance data for the TRP and maintains the already stored assistance data for other TRPs. The TRPs are uniquely identified using a combination of PRS-ID and Cell-ID. The number TRPs for which the UE can store Assistance Data is a UE capability and is indicated by the number of areas a UE can support.
[bookmark: _Toc37338374][bookmark: _Toc46489218][bookmark: _Toc52567576][bookmark: _Toc139052215]8.11.3.1.2.1	LMF initiated Assistance Data Delivery
Figure 8.11.3.1.2.1-1 shows the Assistance Data Delivery operations for the DL-AoD positioning method when the procedure is initiated by the LMF.


Figure 8.11.3.1.2.1-1: LMF-initiated Assistance Data Delivery Procedure
(1)	The LMF determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the DL-AoD positioning assistance data defined in Table 8.11.2.1-1.
[bookmark: _Toc37338375][bookmark: _Toc46489219][bookmark: _Toc52567577][bookmark: _Toc139052216]8.11.3.1.2.2	UE initiated Assistance Data Transfer
Figure 8.11.3.1.2.2-1 shows the Assistance Data Transfer operations for the DL-AoD positioning method when the procedure is initiated by the UE.


Figure 8.11.3.1.2.2-1: UE-initiated Assistance Data Transfer Procedure
(1)	The UE determines that certain DL-AoD positioning assistance data are desired (e.g., as part of a positioning procedure when the LMF provided assistance data are not sufficient for the UE to fulfil the request) and sends an LPP Request Assistance Data message to the LMF. This request includes an indication of which specific DL-AoD assistance data are requested. Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the LMF provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving NG-RAN node and possibly neighbour NG-RAN nodes, as well as NR E-CID measurements.
(2)	The LMF provides the requested assistance in an LPP Provide Assistance Data message, if available at the LMF. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the LMF. If none of the UE requested assistance data in step (1) can be provided by the LMF, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
[bookmark: _Toc37338376][bookmark: _Toc46489220][bookmark: _Toc52567578][bookmark: _Toc139052217]8.11.3.1.3	Location Information Transfer Procedure
The purpose of this procedure is to enable the LMF to request location estimate from the UE, or to enable the UE to provide location measurements to the LMF for position calculation.
[bookmark: _Toc37338377][bookmark: _Toc46489221][bookmark: _Toc52567579][bookmark: _Toc139052218]8.11.3.1.3.1	LMF-initiated Location Information Transfer Procedure
Figure 8.11.3.1.3.1-1 shows the Location Information Transfer operations for the DL-AoD positioning method when the procedure is initiated by the LMF.


Figure 8.11.3.1.3.1-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends an LPP Request Location Information message to the UE. This request includes positioning instructions such as the positioning mode (UE-assisted, UE-based, UE-based preferred but UE-assisted allowed, UE-assisted preferred, but UE-based allowed),  indication of DL-AoD measurements requested if any, including any needed measurement configuration information, and required response time, and possibly integrity requirements.
The LPP Request Location Information message may include one or more time windows during which the target device (which may be a UE or a PRU) is requested to perform the DL-AoD measurements on indicated DL-PRS Resource Sets.
The LPP Request Location Information message may include a request to perform the DL-AoD measurements using receiver frequency hopping for a DL PRS resource within a configured measurement gap.
(2)	The UE obtains DL-AoD measurements as requested in step 1 and possibly calculates its own location. The UE may also determine the integrity results of the calculated location. The UE then sends an LPP Provide Location Information message to the LMF, before the Response Time provided in step (1) elapsed, and includes the obtained DL-AoD measurements or calculated location. If the UE is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.
[bookmark: _Toc37338378][bookmark: _Toc46489222][bookmark: _Toc52567580][bookmark: _Toc139052219]8.11.3.1.3.2	UE-initiated Location Information Delivery procedure
Figure 8.11.3.1.3.2-1 shows the Location Information Delivery procedure operations for the DL-AoD positioning method when the procedure is initiated by the UE.


Figure 8.11.3.1.3.2-1: UE-initiated Location Information Delivery Procedure.
(1)	The UE sends an LPP Provide Location Information message to the LMF. The Provide Location Information message may include any UE DL-AoD measurements already available at the UE.
[bookmark: _Toc37338379][bookmark: _Toc46489223][bookmark: _Toc52567581][bookmark: _Toc139052220]8.11.3.2	Procedures between LMF and gNB
[bookmark: _Toc37338380][bookmark: _Toc46489224][bookmark: _Toc52567582][bookmark: _Toc139052221]8.11.3.2.1	Assistance Data Delivery procedure
The purpose of this procedure is to enable the gNB to provide assistance data described in Table 8.11.2.3-1 to the LMF, for subsequent delivery to the UE using the procedures of clause 8.11.3.1.2 or for use in the calculation of positioning estimates at the LMF.
[bookmark: _Toc37338381][bookmark: _Toc46489225][bookmark: _Toc52567583][bookmark: _Toc139052222]8.11.3.2.1.1	LMF-initiated assistance data delivery to the LMF
Figure 8.11.3.2.1.1-1 shows the TRP Information Exchange operation from the gNB to the LMF for the DL-AoD positioning method.


Figure 8.11.3.2.1.1-1: LMF-initiated TRP Information Exchange Procedure
(1)	The LMF determines that certain TRP configuration information is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa TRP INFORMATION REQUEST message to the gNB. This request includes an indication of which specific TRP configuration information is requested.
(2)	The gNB provides the requested TRP information in an NRPPa TRP INFORMATION RESPONSE message, if available at the gNB. If the gNB is not able to provide any information, it returns an TRP INFORMATION FAILURE message indicating the cause of the failure.
[bookmark: _Toc37338382][bookmark: _Toc46489226][bookmark: _Toc52567584][bookmark: _Toc139052223]8.12	DL-TDOA positioning
[bookmark: _Toc37338383][bookmark: _Toc46489227][bookmark: _Toc52567585][bookmark: _Toc139052224]8.12.1	General
In the DL-TDOA positioning method, the UE position is estimated based on DL RSTD (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP and/or DL-RSCPD) measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the geographical coordinates of the TRPs and their relative downlink timing.
The UE while connected to a gNB may require measurement gaps to perform the DL-TDOA measurements from NR TRPs. The UE may request measurement gaps from a gNB using the procedure described in clause 7.4.1.1. The UE may also request to activate pre-configured measurement gaps as described in clause 7.7.2.
The specific positioning techniques used to estimate the UE's location from this information are beyond the scope of this specification.
[bookmark: _Toc37338384][bookmark: _Toc46489228][bookmark: _Toc52567586][bookmark: _Toc139052225]8.12.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and UE/gNB.
[bookmark: _Toc37338385][bookmark: _Toc46489229][bookmark: _Toc52567587][bookmark: _Toc139052226]8.12.2.1	Information that may be transferred from the LMF to UE
The information that may be transferred from the LMF to the UE are listed in table 8.12.2.1-1.
Table 8.12.2.1-1: Assistance data that may be transferred from LMF to the UE
	[bookmark: _Hlk29911279]Information 
	UE‑assisted 
	UE‑based 

	Physical cell IDs (PCIs), global cell IDs (GCIs), ARFCN, and PRS IDs of candidate NR TRPs for measurement
	Yes
	Yes

	Timing relative to the serving (reference) TRP of candidate NR TRPs
	Yes
	Yes

	DL-PRS configuration of candidate NR TRPs
	Yes
	Yes

	Indication of which DL-PRS Resource Sets across DL-PRS positioning frequency layers are linked for DL-PRS bandwidth aggregation
	Yes
	Yes

	SSB information of the TRPs (the time/frequency occupancy of SSBs)
	Yes
	Yes

	Spatial direction information (e.g. azimuth, elevation etc.) of the DL-PRS Resources of the TRPs served by the gNB
	No
	Yes

	Geographical coordinates of the TRPs served by the gNB (include a transmission reference location for each DL-PRS Resource ID, reference location for the transmitting antenna of the reference TRP, relative locations for transmitting antennas of other TRPs)
	No
	Yes

	Fine Timing relative to the serving (reference) TRP of candidate NR TRPs
	No
	Yes

	PRS-only TP indication
	Yes
	Yes

	The association information of DL-PRS resources with TRP Tx TEG ID
	No
	Yes

	LOS/NLOS indicators
	No
	Yes

	On-Demand DL-PRS-Configurations, possibly together with information on which configurations are available for DL-PRS bandwidth aggregation
	Yes
	Yes

	Validity Area of the Assistance Data
	Yes
	Yes

	PRU measurements together with the location information of the PRU
	No
	Yes

	Data facilitating the integrity results determination of the calculated location
	No
	Yes



8.12.2.1.1	Mapping of integrity parameters
Table 8.12.2.1.1-1 shows the mapping between the integrity fields and the assistance data according to the Integrity Principle of Operation (Clause 7.13.2). The corresponding field descriptions for each of the field names listed in Table 8.12.2.1.1-1 are specified in TS 37.355 [42].
Table 8.12.2.1.1-1: Mapping of Integrity Parameters
	Error
	NR Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks
	Integrity Correlation Times

	TRP location
	NR-TRP-LocationInfo
	TRP DNU
	Mean TRP/ARP location error
	Standard deviation TRP/ARP location error
	Probability of Onset of TRP fault

Mean TRP fault duration
	TRP/ARP location error correlation time

	Inter-TRP synchronization
	NR-RTD-Info
	RTD DNU
	Mean RTD error
	Standard deviation RTD error
	
	RTD error correlation time



[bookmark: _Toc37338386][bookmark: _Toc46489230][bookmark: _Toc52567588][bookmark: _Toc139052227]8.12.2.2	Information that may be transferred from the UE to LMF
The information that may be signalled from UE to the LMF is listed in Table 8.12.2.2-1. The individual UE measurements are defined in TS 38.215 [37].
Table 8.12.2.2-1: Measurement results that may be transferred from UE to the LMF
	Information 
	UE‑assisted 
	UE‑based 

	Latitude/Longitude/Altitude, together with uncertainty shape
	No
	Yes

	PCI, GCI, ARFCN, PRS resource ID, PRS resource set ID and PRS ID for each measurement
	Yes
	No

	DL RSTD measurement
	Yes
	No

	DL-PRS-RSRP measurement
	Yes
	No

	DL-RSCPD measurementNOTE 1, NOTE 2
	Yes
	No

	Time stamp of the measurements
	Yes
	No

	Time stamp of location estimate
	No
	Yes

	Quality for each measurement
	Yes
	No

	UE Rx TEG IDs for DL RSTD measurements
	Yes
	No

	DL-PRS-RSRPP measurement
	Yes
	No

	LOS/NLOS information for UE measurements
	Yes
	No

	Indication that DL-PRS bandwidth aggregation has been used for DL RSTD measurement
	Yes
	No

	Indication that the reported measurements are based on receiving single or multiple hops of DL-PRS.
	Yes
	No

	Protection Level, optionally together with achievable Target Integrity Risk
	No
	Yes

	NOTE 1: 	The DL-RSCPD measurement may be reported along with the DL RSTD measurement.
NOTE 2: 	The DL-RSCPD is measured from a single DL PRS positioning frequency layer.



[bookmark: _Toc37338387][bookmark: _Toc46489231][bookmark: _Toc52567589][bookmark: _Toc139052228]8.12.2.3	Information that may be transferred from the gNB to LMF
The assistance data that may be transferred from gNB to the LMF is listed in Table 8.12.2.3-1.
Table 8.12.2.3-1: Assistance data that may be transferred from gNB to the LMF
	 Information 

	PCI, GCI, ARFCN, and TRP IDs of the TRPs served by the gNB

	Timing information of TRPs served by the gNB

	DL-PRS configuration of the TRPs served by the gNB

	Indication of which DL-PRS Resource Sets across DL-PRS positioning frequency layers are linked for DL-PRS bandwidth aggregation

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Spatial direction information of the DL-PRS Resources of the TRPs served by the gNB

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type

	On-demand DL-PRS information, possibly together with information on which configurations are available for DL-PRS bandwidth aggregation

	TRP Tx TEG association information



[bookmark: _Toc37338388][bookmark: _Toc46489232][bookmark: _Toc52567590][bookmark: _Toc139052229]8.12.3	DL-TDOA Positioning Procedures
The procedures described in this clause support UE-assisted and UE-based DL-TDOA.
[bookmark: _Toc37338389][bookmark: _Toc46489233][bookmark: _Toc52567591][bookmark: _Toc139052230]8.12.3.1	Procedures between LMF and UE
[bookmark: _Toc37338390][bookmark: _Toc46489234][bookmark: _Toc52567592][bookmark: _Toc139052231]8.12.3.1.1	Capability Transfer Procedure
The Capability Transfer procedure for DL-TDOA positioning is described in clause 7.1.2.1.
[bookmark: _Toc37338391][bookmark: _Toc46489235][bookmark: _Toc52567593][bookmark: _Toc139052232]8.12.3.1.2	Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the LMF (e.g., as part of a positioning procedure). The LMF may provide the pre-configured DL-PRS assistance data (with associated validity criteria) to the UE (before or during an ongoing LPP positioning session), to be utilized for potential positioning measurements at a future time. Pre-configured DL-PRS assistance data may consist of multiple instances, where each instance is applicable to a different area within the network. One or more assistance data instances may be provided. Each instance is provided in one LPP Assistance Data messages.
If a UE receives assistance data for a TRP for which it has already stored assistance data, it overwrites the stored assistance data, whereas if a UE receives assistance data for a TRP for which it has not stored assistance data, it stores the assistance data for the TRP and maintains the already stored assistance data for other TRPs. The TRPs are uniquely identified using a combination of PRS-ID and Cell-ID. The number TRPs for which the UE can store Assistance Data is a UE capability and is indicated by the number of areas a UE can support.
[bookmark: _Toc37338392][bookmark: _Toc46489236][bookmark: _Toc52567594][bookmark: _Toc139052233]8.12.3.1.2.1	LMF initiated Assistance Data Delivery
Figure 8.12.3.1.2.1-1 shows the Assistance Data Delivery operations for the DL-TDOA positioning method when the procedure is initiated by the LMF.


Figure 8.12.3.1.2.1-1: LMF-initiated Assistance Data Delivery Procedure
(1)	The LMF determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the DL-TDOA positioning assistance data defined in Table 8.12.2.1-1.
[bookmark: _Toc12632696][bookmark: _Toc29305390][bookmark: _Toc37338213][bookmark: _Toc46489056][bookmark: _Toc52567409][bookmark: _Toc146666464]8.12.3.1.2.1a	LMF initiated Periodic Assistance Data Delivery
The Periodic Assistance Data Delivery procedure allows the server to provide unsolicited periodic assistance data to the target and is shown in Figure 8.12.3.1.2.1a-1.
NOTE:	In this version of the specification, periodic assistance data delivery is supported for PRU measurement information only (see clause 5.4.5 and Table 8.12.2.1-1).


Figure 8.12.3.1.2.1a-1: LPP Periodic Assistance data delivery procedure
(1) The LMF determines that assistance data needs to be provided to the UE and sends an LPP Provide Assistance Data message to the UE. This message includes information to identify the type of periodic assistance data and a duration for ending the assistance data delivery. The message indicates the end of the control transaction.
(2) When the first periodic message is available, the LMF sends an unsolicited LPP Provide Assistance Data message to the UE containing the periodic assistance data announced in step (1).
(3)	The LMF may continue to send further LPP Provide Assistance Data messages to the target containing the periodic assistance data announced in step (1) when each additional periodicity condition occurs. When the duration for ending the periodic assistance data transfer occurs, the last LPP Provide Assistance Data message transferred indicates the end of transaction. Additionally, the session can be ended on request by the UE or by the LMF with the help of an Abort message.
[bookmark: _Toc37338393][bookmark: _Toc46489237][bookmark: _Toc52567595][bookmark: _Toc139052234]8.12.3.1.2.2	UE initiated Assistance Data Transfer
Figure 8.12.3.1.2.2-1 shows the Assistance Data Transfer operations for the DL-TDOA positioning method when the procedure is initiated by the UE.


Figure 8.12.3.1.2.2-1: UE-initiated Assistance Data Transfer Procedure
(1)	The UE determines that certain DL-TDOA positioning assistance data are desired (e.g., as part of a positioning procedure when the LMF provided assistance data are not sufficient for the UE to fulfil the request) and sends an LPP Request Assistance Data message to the LMF. This request includes an indication of which specific DL-TDOA assistance data are requested. Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the LMF provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving NG-RAN node and possibly neighbour NG-RAN nodes, as well as NR E-CID measurements.
(2)	The LMF provides the requested assistance in an LPP Provide Assistance Data message, if available at the LMF. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the LMF. If none of the UE requested assistance data in step (1) can be provided by the LMF, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
[bookmark: _Toc12632698][bookmark: _Toc29305392][bookmark: _Toc37338215][bookmark: _Toc46489058][bookmark: _Toc52567411][bookmark: _Toc146666466]8.12.3.1.2.2a	UE initiated Periodic Assistance Data Transfer
Figure 8.12.3.1.2.2a-1 shows the Periodic Assistance Data Transfer operations when the procedure is initiated by the UE.
NOTE:	In this version of the specification, periodic assistance data delivery is supported for PRU measurement information only (see clause 5.4.5 and Table 8.12.2.1-1).


Figure 8.12.3.1.2.2a-1: UE-initiated Periodic Assistance Data Transfer Procedure
(1)	The UE determines that periodic assistance data are desired and sends a LPP Request Assistance Data message to the LMF. This request includes an indication of which specific assistance data are requested together with additional information such as desired periodicity for sending the assistance data and a duration for ending the periodic assistance data delivery session.
(2)	The LMF responds with a LPP Provide Assistance Data message to the UE. If the UE request can be supported, the message contains information which may confirm or redefine the type of assistance data or periodicity parameters requested at step (1). This response indicates the end of the control transaction.
(3)	When available, the LMF provides the requested assistance data in a LPP Provide Assistance Data message to the UE. If any of the requested assistance data in step (1) or redefined in step (2) are not provided the UE assumes that the requested assistance data are not supported, or currently not available at the LMF.
(4)	The LMF may transmit one or more additional LPP Provide Assistance Data messages to the UE containing further periodic assistance data confirmed or redefined in step (2). When the duration for ending the periodic assistance data transfer occur, the last LPP Provide Assistance Data message transferred indicates the end of the transaction. Additionally, the periodic assistance data delivery session can be ended on request by the UE or by the LMF with the help of an Abort message.
[bookmark: _Toc37338394][bookmark: _Toc46489238][bookmark: _Toc52567596][bookmark: _Toc139052235]8.12.3.1.3	Location Information Transfer Procedure
The purpose of this procedure is to enable the LMF to request location estimate from the UE, or to enable the UE to provide location measurements to the LMF for position calculation.
[bookmark: _Toc37338395][bookmark: _Toc46489239][bookmark: _Toc52567597][bookmark: _Toc139052236]8.12.3.1.3.1	LMF-initiated Location Information Transfer Procedure
Figure 8.12.3.1.3.1-1 shows the Location Information Transfer operations for the DL-TDOA positioning method when the procedure is initiated by the LMF.


Figure 8.12.3.1.3.1-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends an LPP Request Location Information message to the UE. This request includes positioning instructions such as the positioning mode (UE-assisted, UE-based, UE-based preferred but UE-assisted allowed, UE-assisted preferred, but UE-based allowed),  indication of DL-TDOA measurements requested if any, including any needed measurement configuration information, and required response time, and possibly integrity requirements. 
The LPP Request Location Information message may include one or more time windows during which the target device (which may be a UE or a PRU) is requested to perform the DL-TDOA measurements on indicated DL-PRS Resource Sets.
The LPP Request Location Information message may include a request to perform joint DL-RSTD measurements across two or three DL-PRS positioning frequency layers.
The LPP Request Location Information message may include a request to perform the DL-TDOA measurements using receiver frequency hopping for a DL PRS resource within a configured measurement gap.
(2)	The UE obtains DL-TDOA measurements as requested in step 1 and possibly calculates its own location. The UE may also determine the integrity results of the calculated location. The UE then sends an LPP Provide Location Information message to the LMF, before the Response Time provided in step (1) elapsed, and includes the obtained DL-TDOA measurements or calculated location. If the UE is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.
[bookmark: _Toc37338396][bookmark: _Toc46489240][bookmark: _Toc52567598][bookmark: _Toc139052237]8.12.3.1.3.2	UE-initiated Location Information Delivery procedure
Figure 8.12.3.1.3.2-1 shows the Location Information Delivery procedure operations for the DL-TDOA positioning method when the procedure is initiated by the UE.


Figure 8.12.3.1.3.2-1: UE-initiated Location Information Delivery Procedure.
(1)	The UE sends an LPP Provide Location Information message to the LMF. The Provide Location Information message may include any UE DL-TDOA measurements and, optionally, the DL-PRS-RSRP measurements already available at the UE.
[bookmark: _Toc37338397][bookmark: _Toc46489241][bookmark: _Toc52567599][bookmark: _Toc139052238]8.12.3.2	Procedures between LMF and gNB
[bookmark: _Toc37338398][bookmark: _Toc46489242][bookmark: _Toc52567600][bookmark: _Toc139052239]8.12.3.2.1	Assistance Data Delivery procedure
The purpose of this procedure is to enable the gNB to provide assistance data to the LMF, for subsequent delivery to the UE using the procedures of clause 8.12.3.1.2 or for use in the calculation of positioning estimates at the LMF.
[bookmark: _Toc37338399][bookmark: _Toc46489243][bookmark: _Toc52567601][bookmark: _Toc139052240]8.12.3.2.1.1	LMF-initiated assistance data delivery to the LMF
Figure 8.12.3.2.1.1-1 shows the TRP Information Exchange operation from the gNB to the LMF for the DL-TDOA positioning method.


[bookmark: _Hlk45813559]Figure 8.12.3.2.1.1-1: LMF-initiated TRP Information Exchange Procedure
(1)	The LMF determines that certain TRP configuration information is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa TRP INFORMATION REQUEST message to the gNB. This request includes an indication of which specific TRP configuration information is requested.
(2)	The gNB provides the requested TRP information in an NRPPa TRP INFORMATION RESPONSE message, if available at the gNB. If the gNB is not able to provide any information, it returns an TRP INFORMATION FAILURE message indicating the cause of the failure.
[bookmark: _Toc37338400][bookmark: _Toc46489244][bookmark: _Toc52567602][bookmark: _Toc139052241]8.13	UL-TDOA positioning
[bookmark: _Toc37338401][bookmark: _Toc46489245][bookmark: _Toc52567603][bookmark: _Toc139052242]8.13.1	General
In the UL-TDOA positioning method, the UE position is estimated based on UL-RTOA (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP and/or UL-RSCP) measurements taken at different TRPs of uplink radio signals from UE, along with other configuration information.
The specifics of any UL-TDOA positioning methods or techniques used to estimate the UE's location from these measurements are beyond the scope of this specification.
In order to obtain uplink measurements, the TRPs need to know the characteristics of the SRS signal transmitted by the UE for the time period required to perform uplink measurement. These characteristics should be static over the periodic transmission of SRS during the uplink measurements. Hence, the LMF will indicate to the serving gNB the need to direct the UE to transmit SRS signals for uplink positioning. It is up to the serving gNB to make the final decision on resources to be assigned and to communicate this SRS configuration information back to the LMF so that LMF can forward the SRS configuration to the TRPs. The gNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the LMF.
[bookmark: _Toc37338402][bookmark: _Toc46489246][bookmark: _Toc52567604][bookmark: _Toc139052243]8.13.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and gNB/TRPs.
[bookmark: _Toc46489247][bookmark: _Toc52567605][bookmark: _Toc139052244][bookmark: _Toc12401883][bookmark: _Toc37338403]8.13.2.0	Assistance Data that may be transferred from the gNB to the LMF
The assistance data that may be transferred from the gNB to the LMF is listed in Table 8.13.2.0-1.
Table 8.13.2.0-1: Assistance data that may be transferred from gNB to the LMF
	Information

	PCI, GCI, and TRP IDs of the TRPs served by the gNB

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type



[bookmark: _Toc46489248][bookmark: _Toc52567606][bookmark: _Toc139052245]8.13.2.1	Configuration Data that may be transferred from the gNB to the LMF
The configuration data for a target UE that may be transferred from the serving gNB to the LMF is listed in Table 8.13.2.1-1.
Table 8.13.2.1-1: UE configuration data that may be transferred from serving gNB to the LMF
	[bookmark: _Hlk32316091]UE configuration data

	UE SRS configuration 

	[bookmark: _Toc12401885]Timing information of the TRP, which configured the UE SRS transmission

	The association information of SRS resources with UE Tx TEG ID

	SRS Transmission Status



[bookmark: _Toc37338404][bookmark: _Toc46489249][bookmark: _Toc52567607][bookmark: _Toc139052246]8.13.2.2	Location Information that may be transferred from the gNBs to LMF
The information that may be transferred from gNBs to the LMF include measurement results listed in Table 8.13.2.2-1. The individual measurements are defined in TS 38.215 [37].
Table 8.13.2.2-1: Measurement results that may be transferred from gNBs to the LMF
	Measurement results

	NCGI and TRP ID of the measurement

	UL-RTOA

	UL-SRS-RSRP

	UL-SRS-RSRPP

	UL-RSCP measurement

	UL Angle of Arrival (azimuth and/or elevation) NOTE 1

	Multiple UL Angle of Arrival (azimuth and/or elevation) NOTE 1

	SRS Resource Type

	Time stamp of the measurement

	Quality for each measurement

	Beam Information for each measurement

	LoS/NLoS information for each measurement

	ARP ID of the measurement

	NOTE 1:	When used with UL-AoA for hybrid positioning.



[bookmark: _Toc37338405][bookmark: _Toc46489250][bookmark: _Toc52567608][bookmark: _Toc139052247]8.13.2.3	Information that may be transferred from the LMF to gNBs
The requested UL-SRS transmission characteristics information that may be signalled from the LMF to the gNB is listed in Table 8.13.2.3-1.
Table 8.13.2.3-1: Requested UL-SRS transmission characteristics information that may be transferred from LMF to gNB.
	Information 

	Number Of Transmissions/duration for which the UL-SRS is requested

	Bandwidth

	Resource type (periodic, semi-persistent, aperiodic)

	Pathloss reference:
	- PCI, SSB Index, SSB configuration (time/frequency occupancy of SSBs)
	- DL-PRS ID, DL-PRS Resource Set ID, DL-PRS Resource ID

	Spatial relation info
	- PCI, SSB Index, SSB configuration (time/frequency occupancy of SSBs)
	- DL-PRS ID, DL-PRS Resource Set ID, DL-PRS Resource ID
	- NZP CSI-RS Resource ID
	- SRS Resource ID
	- Positioning SRS Resource ID

	SSB Information

	Periodicity of the SRS for each SRS resource set

	Carrier frequency of SRS transmission bandwidth



The TRP measurement request information that may be signalled from the LMF to the gNB is listed in table 8.13.2.3-2.
Table 8.13.2.3-2: TRP Measurement request information that may be transferred from LMF to gNB.
	Information 

	TRP ID, cell ID of the TRP to receive UL-SRS

	UE-SRS configuration

	UL timing information together with timing uncertainty, for reception of SRS by candidate TRPs

	Report characteristics for the measurements

	Measurement Quantities

	Measurement periodicity

	Measurement beam information request

	Search window information

	Expected UL AoA/ZoA and uncertainty range

	Number of TRP Rx TEGs

	Response time

	Measurement characteristics request indicator

	Measurement time occasions for a measurement instance



The Positioning Activation/Deactivation request information that may be signalled from the LMF to the gNB is listed in Table 8.13.2.3-3.
Table 8.13.2.3-3: Requested positioning activation/deactivation information that may be transferred from LMF to gNB.
	Information 

	SP UL-SRS:
	- Activation or Deactivation request
	- Positioning SRS Resource Set ID which is to be activated/deactivated
	- Spatial relation for Resource IDi
	- Activation Time

	Aperiodic UL-SRS:
	- Aperiodic SRS Resource Trigger List
	- Activation time

	UL-SRS:
	- Release all



[bookmark: _Toc37338406][bookmark: _Toc46489251][bookmark: _Toc52567609][bookmark: _Toc139052248]8.13.3	UL-TDOA Positioning Procedures
The procedures described in this clause support UL-TDOA positioning measurements obtained by the gNB and provided to the LMF using NRPPa.
[bookmark: _Toc37338407][bookmark: _Toc46489252][bookmark: _Toc52567610][bookmark: _Toc139052249]8.13.3.1	Capability Transfer Procedure
The Capability Transfer procedure for UL-TDOA positioning is described in clause 7.1.2.1.
[bookmark: _Toc37338408][bookmark: _Toc46489253][bookmark: _Toc52567611][bookmark: _Toc139052250]8.13.3.2	Assistance Data Transfer Procedure
[bookmark: _Toc37338409][bookmark: _Toc46489254][bookmark: _Toc52567612][bookmark: _Toc139052251]8.13.3.2.1	Assistance Data Delivery between LMF and gNB
The purpose of these procedures is to enable the gNB to provide assistance data described in Table 8.13.2.0-1 to the LMF, for subsequent delivery to the gNB using the procedures of clause 8.13.3.3 or for use in the calculation of positioning estimates at the LMF or enable the LMF to request UL-SRS configuration information from the serving gNB of a target UE.
Figure 8.13.3.2.1-1 shows the UL information Delivery operation from the serving gNB to the LMF.


Figure 8.13.3.2.1-1: LMF-initiated UL Information Request Procedure
(1)	The LMF sends a NRPPa message POSITIONING INFORMATION REQUEST to the serving gNB of the target UE to request UE SRS configuration information. If the message includes the Requested UL-SRS Transmission Characteristics as listed in Table 8.13.2.3-1, the gNB should take this information into account when configuring UL-SRS transmissions for the UE.
(2)	The serving gNB determines the UE SRS configuration to be allocated for the UE and sends NRPPa message POSITIONING INFORMATION RESPONSE to the LMF that includes the UE SRS configuration defined in Table 8.13.2.1-1. If the serving gNB is not able to provide the requested information, it returns a failure message indicating the cause of the failure.
(3)	If a change has occurred in the UE SRS configuration during the UE SRS time duration requested at step 1, the gNB sends a POSITIONING INFORMATION UPDATE message to the LMF. This message contains, in the case of a change in UE SRS configuration parameters, the UE SRS configuration information for all cells with UE SRS configured, or an update in SRS transmission status.
[bookmark: _Hlk45814023][bookmark: _Toc37338410]Figure 8.13.3.2.1-2 shows the TRP Information Exchange operation from the gNB to the LMF for the UL-TDOA positioning method.


Figure 8.13.3.2.1-2: LMF-initiated TRP Information Exchange Procedure
(1)	The LMF determines that certain TRP configuration information is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa TRP INFORMATION REQUEST message to the gNB. This request includes an indication of which specific TRP configuration information is requested.
(2)	The gNB provides the requested TRP information in an NRPPa TRP INFORMATION RESPONSE message, if available at the gNB. If the gNB is not able to provide any information, it returns an TRP INFORMATION FAILURE message indicating the cause of the failure.
[bookmark: _Toc46489255][bookmark: _Toc52567613][bookmark: _Toc139052252]8.13.3.3	Location Information Transfer/Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from a gNB for position calculation of the UE and also provide necessary assistance data to the gNB.
Figure 8.13.3.3-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.13.3.3-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends a NRPPa message to the selected gNB to request UL-TDOA measurement information. The message includes any information required for the gNB to perform the measurements as defined in Table 8.13.2.3-2.
(2)	If the report characteristics in step 1 is set to "on demand", the gNB obtains the requested UL-TDOA measurements and returns them in a Measurement Response message to the LMF. The Measurement Response message includes the obtained UL-TDOA measurements as defined in Table 8.13.2.2-1.
If the report characteristics in step 1 is set to "periodic", the gNB replies with a Measurement Response message without including any measurements in the message. The gNB then periodically initiates the Measurement Report procedure in step 3 for the UL-TDOA measurements, with the requested reporting periodicity.

If the gNB is not able to accept the Measurement Request message in step 1, the gNB returns a failure message indicating the cause of the failure.
(3)	The gNB periodically provides the UL-TDOA measurements as defined in Table 8.13.2.2-1 to the LMF if that was requested at step 1.
(4)	At any time after step 2, the LMF may send a Measurement Update message to the gNB providing updated information required for the gNB to perform the UL-TDOA measurements as defined in Table 8.13.2.3-2. Upon receiving the message, the gNB overwrites the previously received measurement configuration information.
(5)	If the previously requested UL-TDOA measurements can no longer be reported, the gNB notifies the LMF by sending a Measurement Failure Indication message.
(6)	When the LMF wants to abort an ongoing UL-TDOA measurement it sends a Measurement Abort message to the gNB.
[bookmark: _Toc46489256][bookmark: _Toc52567614][bookmark: _Toc139052253][bookmark: _Toc37338411]8.13.3.3a	Positioning Activation/Deactivation Procedure
The purpose of this procedure is to enable the LMF to request activation and deactivation of UL-SRS transmission of the target UE.
Figure 8.13.3.3a-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.13.3.3a-1: Positioning Activation/Deactivation Procedure.
(1)	The LMF sends the NRPPa Positioning Activation Request message to the serving gNB of the target UE to request UL-SRS activation for the target UE. For a semi-persistent UL-SRS, the message includes an indication of an UL-SRS resource set to be activated and may include information that indicates the spatial relation for the semi-persistent UL-SRS resource to be activated, as listed in Table 8.13.2.3-3. For an aperiodic UL-SRS, the message may include aperiodic SRS Resource trigger list to indicate the UL-SRS resource to be activated.
(2)	For semi-persistent UL-SRS, the serving gNB may then activate the configured semi-persistent UL-SRS resource sets by sending the SP Positioning SRS Activation/Deactivation MAC CE command as specified in TS 38.321 [39]. For aperiodic UL-SRS, the serving gNB may then activate the configured aperiodic UL-SRS resource sets by sending the DCI as specified in TS 38.212 [40].
If the UL-SRS has been successfully activated as requested in step 1, the gNB sends the NRPPa Positioning Activation Response message to the LMF. If the serving gNB is not able to fulfil the request from step 1, it returns the Positioning Activation Failure message indicating the cause of the failure. The serving gNB may include a system frame number and a slot number in the NRPPa Positioning Activation Response message to the LMF.
(3)	If a previously activated UL-SRS should be deactivated, or the UL-SRS transmission should be released, the LMF sends the NRPPa Positioning Deactivation message to the serving gNB of the target device to request deactivation of UL-SRS resource sets, or release all the UL-SRS resources. This message includes an indication of the UL-SRS resource set to be deactivated, or an indication of releasing all UL-SRS resources.
[bookmark: _Toc46489257][bookmark: _Toc52567615][bookmark: _Toc139052254]8.13.3.4	Sequence of Procedure for UL-TDOA positioning
Figure 8.13.3.4-1 shows the messaging between the LMF, the gNBs and the UE to perform UL-TDOA procedure.


Figure 8.13.3.4-1: UL-TDOA positioning procedure
0.	The LMF may use the procedure in Figure 8.13.3.2.1-2 to obtain the TRP information required for UL-TDOA positioning.
1.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure as described in clause 8.13.3.1.
2.	The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request UL-SRS configuration information for the target device as described in Figure 8.13.3.2.1-1.
3.	The serving gNB determines the resources available for UL-SRS and configures the target device with the UL-SRS resource sets at step 3a.
4.	The serving gNB provides the UL information to the LMF in a NRPPa POSITIONING INFORMATION RESPONSE message.
5.	In the case of semi-persistent or aperiodic SRS, the LMF may request activation of UE SRS transmission by sending the NRPPa Positioning Activation Request message to the serving gNB of the target device as described in clause 8.13.3.3a. The gNB then activates the UL-SRS transmission and sends the NRPPa Positioning Activation Response message. The target device begins the UL-SRS transmission according to the time domain behavior of UL-SRS resource configuration.
6.	The LMF provides the UL-SRS configuration to the selected gNBs in a NRPPa MEASUREMENT REQUEST message as described in clause 8.13.3.3. The message includes all information required to enable the gNBs/TRPs to perform the UL measurements.
7.	Each gNB configured at step 6 measures the UL-SRS transmissions from the target device.
8.	Each gNB reports the UL-SRS measurements to the LMF in a NRPPa Measurement Response message as described in clause 8.13.3.3.
9.	The LMF sends a NRPPa POSITIONING DEACTIVATION message to the serving gNB as described in clause 8.13.3.3a.
[bookmark: _Toc37338412][bookmark: _Toc46489258][bookmark: _Toc52567616][bookmark: _Toc139052255]8.14	UL-AoA positioning
[bookmark: _Toc37338413][bookmark: _Toc46489259][bookmark: _Toc52567617][bookmark: _Toc139052256]8.14.1	General
In the UL-AoA positioning method, the UE position is estimated based on UL-AoA (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP) of uplink radio signals taken at different TRPs, along with other configuration information.
The specific of any UL-AoA positioning methods or techniques used to estimate the UE's location from these measurements are beyond the scope of this specification.
In order to obtain uplink measurements, the TRPs need to know the characteristics of the SRS signal transmitted by the UE for the time period required to calculate uplink measurement. These characteristics should be static over the periodic transmission of SRS during the uplink measurements. Hence, the LMF will indicate to the serving gNB the need to direct the UE to transmit SRS signals for uplink positioning. It is up to the gNB to make the final decision on resources to be assigned and to communicate this configuration information back to the LMF so that LMF can configure the TRPs. The gNB may decide (e.g., in case no resources are available) to configure no resources for the UE and fail the corresponding NRPPa procedure.
[bookmark: _Toc37338414][bookmark: _Toc46489260][bookmark: _Toc52567618][bookmark: _Toc139052257]8.14.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and gNB/TRPs.
[bookmark: _Toc46489261][bookmark: _Toc52567619][bookmark: _Toc139052258]8.14.2.0	Assistance Data that may be transferred from the gNB to the LMF
The assistance data that may be transferred from the gNB to the LMF is listed in Table 8.14.2.0-1.
Table 8.14.2.0-1: Assistance data that may be transferred from gNB to the LMF
	Information

	PCI, GCI, and TRP IDs of the TRPs served by the gNB

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type



[bookmark: _Toc37338415][bookmark: _Toc46489262][bookmark: _Toc52567620][bookmark: _Toc139052259]8.14.2.1	Configuration Data that may be transferred from the gNB to the LMF
The configuration data for a target UE that may be transferred from the serving gNB to the LMF is listed in Table 8.14.2.1-1.
Table 8.14.2.1-1: UE configuration data that may be transferred from serving gNB to the LMF
	UE configuration data

	UE SRS configuration 

	Timing information of the TRP, which configured the UE SRS transmission

	SRS Transmission Status



[bookmark: _Toc37338416][bookmark: _Toc46489263][bookmark: _Toc52567621][bookmark: _Toc139052260]8.14.2.2	Location Information that may be transferred from the gNBs to LMF
The information that may be transferred from gNBs to the LMF include measurement results are listed in Table 8.14.2.2-1. The individual measurements are defined in TS 38.215 [37].
Table 8.14.2.2-1: Measurement results that may be transferred from gNBs to the LMF
	Measurement results

	NCGI and TRP ID of the measurement

	UL Angle of Arrival (azimuth and/or elevation)

	Multiple UL Angle of Arrival (azimuth and/or elevation)

	SRS Resource Type

	UL-SRS-RSRP

	UL-SRS-RSRPP

	Time stamp of the measurement

	Quality for each measurement

	Beam information for each measurement

	LoS/NLoS information for each measurement

	ARP ID of the measurement



[bookmark: _Toc37338417][bookmark: _Toc46489264][bookmark: _Toc52567622][bookmark: _Toc139052261]8.14.2.3	Information that may be transferred from the LMF to gNB
The requested UL-SRS transmission characteristics information that may be signalled from the LMF to the gNB is listed in Table 8.14.2.3-1.
Table 8.14.2.3-1: Requested UL-SRS transmission characteristics information that may be transferred from LMF to gNB.
	Information 

	Number Of Transmissions/duration for which the UL-SRS is requested

	Bandwidth

	Resource type (periodic, semi-persistent, aperiodic)

	Number of requested SRS resource sets and SRS resources per set

	Pathloss reference:
	- PCI, SSB Index, SSB configuration (time/frequency occupancy of SSBs)
	- DL-PRS ID, DL-PRS Resource Set ID, DL-PRS Resource ID

	Spatial relation info
	- PCI, SSB Index, SSB configuration (time/frequency occupancy of SSBs)
	- DL-PRS ID, DL-PRS Resource Set ID, DL-PRS Resource ID
	- NZP CSI-RS Resource ID
	- SRS Resource ID
	- Positioning SRS Resource ID

	SSB Information

	Periodicity of the SRS for each SRS resource set

	Carrier frequency of SRS transmission bandwidth



The TRP measurement request information that may be signalled from the LMF to the gNB is listed in table 8.14.2.3-2.
Table 8.14.2.3-2: TRP Measurement request information that may be transferred from LMF to gNB.
	Information 

	TRP ID, cell ID of the TRP to receive UL-SRS

	UE-SRS configuration

	UL timing information together with timing uncertainty, for reception of SRS by candidate TRPs

	Report characteristics for the measurements

	Measurement Quantities

	Measurement periodicity

	Measurement beam information request

	Expected UL AoA/ZoA and uncertainty range

	Response time

	Measurement characteristics request indicator

	Measurement time occasions for a measurement instance



The Positioning Activation/Deactivation request information that may be signalled from the LMF to the gNB is listed in Table 8.14.2.3-3.
Table 8.14.2.3-3: Requested positioning activation/deactivation information that may be transferred from LMF to gNB.
	Information

	SP UL-SRS:
	- Activation or Deactivation request
	- Positioning SRS Resource Set ID which is to be activated/deactivated
	- Spatial relation for Resource IDi
	- Activation Time

	Aperiodic UL-SRS:
	- Aperiodic SRS Resource Trigger list
	- Activation time

	UL-SRS:
	- Release all



[bookmark: _Toc37338418][bookmark: _Toc46489265][bookmark: _Toc52567623][bookmark: _Toc139052262]8.14.3	UL-AoA Positioning Procedures
The procedures described in this clause support UL-AoA positioning measurements obtained by the gNB and provided to the LMF using NRPPa.
[bookmark: _Toc37338419][bookmark: _Toc46489266][bookmark: _Toc52567624][bookmark: _Toc139052263]8.14.3.1	Capability Transfer Procedure
The Capability Transfer procedure for UL-AoA positioning is described in clause 7.1.2.1.
[bookmark: _Toc37338420][bookmark: _Toc46489267][bookmark: _Toc52567625][bookmark: _Toc139052264]8.14.3.2	Assistance Data Transfer Procedure
[bookmark: _Toc37338421][bookmark: _Toc46489268][bookmark: _Toc52567626][bookmark: _Toc139052265]8.14.3.2.1	Assistance Data Delivery between LMF and gNB
The purpose of these procedures is to enable the gNB to provide assistance data described in Table 8.14.2.0-1 to the LMF, for subsequent delivery to the gNB using the procedures of clause 8.14.3.3 or for use in the calculation of positioning estimates at the LMF or enable the LMF to request UL-SRS configuration information from the serving gNB of a target UE.
Figure 8.14.3.2.1-1 shows the UL information Delivery operation from the serving gNB to the LMF.


Figure 8.14.3.2.1-1: LMF-initiated UL Information Request Procedure
(1)	The LMF sends a NRPPa message POSITIONING INFORMATION REQUEST to the serving gNB of the target UE to request UE SRS configuration information. If the message includes the Requested UL-SRS Transmission Characteristics as listed in Table 8.14.2.3-1, the gNB should take this information into account when configuring UL-SRS transmissions for the UE.
(2)	The serving gNB determines the UE SRS configuration to be allocated for the UE and sends NRPPa message POSITIONING INFORMATION RESPONSE to the LMF that includes the UE SRS configuration defined in Table 8.14.2.1-1. If the serving gNB is not able to provide the requested information, it returns a failure message indicating the cause of the failure.
(3)	If a change has occurred in the UE SRS configuration during the UE SRS time duration requested at step 1, the gNB sends a POSITIONING INFORMATION UPDATE message to the LMF. This message contains, in the case of a change in UE SRS configuration parameters, the UE SRS configuration information for all cells with UE SRS configured, or an update in SRS transmission status.
[bookmark: _Toc37338422]Figure 8.14.3.2.1-2 shows the TRP Information Exchange operation from the gNB to the LMF for the UL-AoA positioning method.


Figure 8.14.3.2.1-2: LMF-initiated TRP Information Exchange Procedure
(1)	The LMF determines that certain TRP configuration information is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa TRP INFORMATION REQUEST message to the gNB. This request includes an indication of which specific TRP configuration information is requested.
(2)	The gNB provides the requested TRP information in an NRPPa TRP INFORMATION RESPONSE message, if available at the gNB. If the gNB is not able to provide any information, it returns an TRP INFORMATION FAILURE message indicating the cause of the failure.
[bookmark: _Toc46489269][bookmark: _Toc52567627][bookmark: _Toc139052266]8.14.3.3	Location Information Transfer/Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from a gNB for position calculation of the UE and also provide necessary assistance data to the gNB.
Figure 8.14.3.3-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.14.3.3-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends a NRPPa message to the selected gNB to request UL-AoA measurement information. The message includes any information required for the gNB to perform the measurements as defined in Table 8.14.2.3-2.
(2)	If the report characteristics in step 1 is set to "on demand", the gNB obtains the requested UL-AoA measurements and returns them in a Measurement Response message to the LMF. The Measurement Response message includes the obtained UL-AoA measurements as defined in Table 8.14.2.2-1.
If the report characteristics in step 1 is set to "periodic", the gNB replies with a Measurement Response message without including any measurements in the message. The gNB then periodically initiates the Measurement Report procedure in step 3 for the UL-AoA measurements, with the requested reporting periodicity.

If the gNB is not able to accept the Measurement Request message in step 1, the gNB returns a failure message indicating the cause of the failure.
(3)	The gNB periodically provides the UL-AoA measurements as defined in Table 8.14.2.2-1 to the LMF if that was requested at step 1.
(4)	At any time after step 2, the LMF may send a Measurement Update message to the gNB providing updated information required for the gNB to perform the UL-AoA measurements as defined in Table 8.14.2.3-2. Upon receiving the message, the gNB overwrites the previously received measurement configuration information.
(5)	If the previously requested UL-AoA measurements can no longer be reported, the gNB notifies the LMF by sending a Measurement Failure Indication message.
(6)	When the LMF wants to abort an ongoing UL-AoA measurement it sends a Measurement Abort message to the gNB.
[bookmark: _Toc46489270][bookmark: _Toc52567628][bookmark: _Toc139052267][bookmark: _Toc37338423]8.14.3.3a	Positioning Activation/Deactivation Procedure
The purpose of this procedure is to enable the LMF to request activation and deactivation of UL-SRS transmission of the target UE.
Figure 8.14.3.3a-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.14.3.3a-1: Positioning Activation/Deactivation Procedure.
(1)	The LMF sends the NRPPa Positioning Activation Request message to the serving gNB of the target UE to request UL-SRS activation for the target UE. For a semi-persistent UL-SRS, the message includes an indication of an UL-SRS resource set to be activated and may include information that indicates the spatial relation for the semi-persistent UL-SRS resource to be activated, as listed in Table 8.14.2.3-3. For an aperiodic UL-SRS, the message may include aperiodic SRS Resource trigger list to indicate the UL-SRS resource to be activated.
(2)	For semi-persistent UL-SRS, the serving gNB may then activate the configured semi-persistent UL-SRS resource sets by sending the SP Positioning SRS Activation/Deactivation MAC CE command as specified in TS 38.321 [39]. For aperiodic UL-SRS, the serving gNB may then activate the configured aperiodic UL-SRS resource sets by sending the DCI as specified in TS 38.212 [40].
If the UL-SRS has been successfully activated as requested in step 1, the gNB sends the NRPPa Positioning Activation Response message to the LMF. If the serving gNB is not able to fulfil the request from step 1, it returns the Positioning Activation Failure message indicating the cause of the failure. The serving gNB includes a system frame number and a slot number in the NRPPa Positioning Activation Response message to the LMF.
(3)	If a previously activated UL-SRS should be deactivated, or the UL-SRS transmission should be released, the LMF sends the NRPPa Positioning Deactivation message to the serving gNB of the target device to request deactivation of UL-SRS resource sets, or release all the UL-SRS resources. This message includes an indication of the UL-SRS resource set to be deactivated, or an indication of releasing all UL-SRS resources.
[bookmark: _Toc46489271][bookmark: _Toc52567629][bookmark: _Toc139052268]8.14.3.4	Sequence of Procedure for UL-AoA positioning
Figure 8.14.3.4-1 shows the messaging between the LMF, the gNBs and the UE to perform UL-AoA procedure.


Figure 8.14.3.4-1: UL-AoA positioning procedure
0.	The LMF may use the procedure in Figure 8.14.3.2.1-2 to obtain the TRP information required for UL-AoA positioning.
1.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure as described in clause 8.14.3.1.
2.	The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request UL-SRS configuration information for the target device as described in Figure 8.14.3.2.1-1.
3.	The serving gNB determines the resources available for UL-SRS and configures the target device with the UL-SRS resource sets at step 3a.
4.	The serving gNB provides the UL-SRS configuration information to the LMF in a NRPPa POSITIONING INFORMATION RESPONSE message.
5.	In the case of semi-persistent or aperiodic SRS, the LMF may request activation of UE SRS transmission by sending the NRPPa Positioning Activation Request message to the serving gNB of the target device as described in clause 8.14.3.3a. The gNB then activates the UL-SRS transmission and sends the NRPPa Positioning Activation Response message. The target device begins the UL-SRS transmission according to the time domain behavior of UL-SRS resource configuration.
6.	The LMF provides the UL-SRS configuration to the selected gNBs in a NRPPa MEASUREMENT REQUEST message as described in clause 8.14.3.3. The message includes all information required to enable the gNBs/TRPs to perform the UL measurements.
7.	Each gNB configured at step 6 measures the UL-SRS transmissions from the target device.
8.	Each gNB reports the UL-SRS measurements to the LMF in a NRPPa Measurement Response message as described in clause 8.14.3.3.
9.	The LMF sends a NRPPa POSITIONING DEACTIVATION message to the serving gNB as described in clause 8.14.3.3a.
8.15	SL positioning and ranging
8.15.1	SL-PRS transmission and reception
For SL positioning and ranging using SL-RTT, SL-AoA, SL-TDOA, and SL-TOA methods UEs need to transmit and/or receive SL-PRS as specified in TS 38.211 [50] over the NR PC5 interface.
A UE can be configured with one or more sidelink resource pools via system information or dedicated signalling while inside NG-RAN coverage or pre-configuration while outside NG-RAN coverage as specified in TS 38.331 [14].
A sidelink resource pool which can be used for transmission of both, SL-PRS and SL data is referred to as SL-PRS shared resource pool. A sidelink resource pool which can be used for transmission of SL-PRS and cannot be used for transmission of SL data is referred to as SL-PRS dedicated resource pool. 
Two sidelink resource allocation schemes for SL-PRS are supported: scheme 1 and scheme 2. In scheme 1, the SL-PRS resource allocation is provided by the network. In scheme 2, the UE decides the SL-PRS transmission resources in the resource pool(s).
-	Scheme 1 resource allocation is characterized by:
-	The UE needs to be RRC_CONNECTED state in order to transmit SL-PRS;
-	NG-RAN schedules transmission resources.
-	Scheme 2 resource selection is characterized by:
-	The UE can transmit SL-PRS when inside NG-RAN coverage, irrespective of which RRC state the UE is in, and when outside NG-RAN coverage;
-	the UE autonomously selects transmission resources from resource pool(s).
8.15.2	SL-RTT positioning
8.15.2.1	General
The SL-RTT positioning method makes use of SL Rx-Tx time difference measurements performed by a pair of UEs (e.g., target UE and anchor UE). Both UEs measure the Rx-Tx time difference using the SL-PRS transmitted/received by the pair of UEs. The SL Rx-Tx time difference measurements performed by a pair of UEs defines the RTT between the UEs, which can be converted into a range estimate between the pair of UEs.
For SL-RTT, the pair of UEs may transmit and receive SL-PRS once (also referred to as "single-sided RTT") or multiple times (also referred to as "double-sided RTT"). A UE may report multiple SL Rx-Tx time difference measurements for the same SL-PRS transmission and up to 4 different SL-PRS receptions, or report multiple SL Rx-Tx time difference measurements for the same SL-PRS reception and up to 4 different SL-PRS transmissions, or both.
8.15.2.2	SL-RTT positioning procedures
8.15.2.2.1	Capability transfer procedure
The capability transfer procedure for SL-RTT positioning is described in clause 7.11.2.1.
8.15.2.2.2	Assistance Data transfer procedure
Figure 8.15.2.2.2-1 shows the Assistance Data transfer operations for the SL-RTT positioning method.


Figure 8.15.2.2.2-1: Assistance Data transfer procedure.
1.	Endpoint A may determine that certain SL-RTT positioning assistance data are desired and sends an SLPP Request Assistance Data message to Endpoint B. This request includes an indication of which specific SL-RTT assistance data are requested.
2.	If step 1 occurred, Endpoint B provides the requested assistance in an SLPP Provide Assistance Data message to Endpoint A, if available at Endpoint B. The assistance data that may be signalled are listed in Table 8.15.2.2.2-1.  If any of the requested assistance data in step 1 are not provided in step 2, the Endpoint A shall assume that the requested assistance data are not supported, or currently not available at Endpoint B. If none of the requested assistance data in step 1 can be provided by Endpoint B, Endpoint B returns any information that can be provided in an SLPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
If step 1 did not occur, Endpoint B determines that SL-RTT assistance data needs to be provided to Endpoint A (e.g., as part of a positioning procedure) and sends an SLPP Provide Assistance Data message to Endpoint A.
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Server UE or LMF.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Target UE or SL Server UE and Endpoint B may be a SL Anchor UE.
NOTE 3:	Dependent on the scenario, Endpoint A may be a SL-PRS transmitting (Tx) UE and Endpoint B may be a SL-PRS receiving (Rx) UE.
Table 8.15.2.2.2-1: Assistance data that may be transferred between endpoints.
	Information 

	Application Layer ID, identifying a UE as defined in TS 23.287 [48]

	SL-PRS Sequence ID as defined in TS 38.211 [50]

	ARP ID, identifying an SL-PRS Tx ARP associated with a UE

	Anchor UE location coordinates

	SL-PRS Tx ARP location coordinates 



8.15.2.2.3	Location Information transfer procedure
Figure 8.15.2.2.3-1 shows the Location Information transfer operations for the SL-RTT positioning method.


Figure 8.15.2.2.3-1: Location Information transfer procedure.
1.	Endpoint A may send an SLPP Request Location Information message to Endpoint B. This request includes an indication of SL-RTT measurements requested, including any needed measurement configuration information, and possibly a required response time as listed in Table 8.15.2.2.3-1.
2.	If step 1 occurred, Endpoint B obtains the SL-RTT measurements as requested in step 1. Endpoint B then sends an SLPP Provide Location Information message to Endpoint A, before the Response Time (if provided in step 1) elapsed, and includes the obtained SL-RTT measurements as listed in Table 8.15.2.2.3-2. If Endpoint B is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, Endpoint B returns any information that can be provided in an SLPP message of type Provide Location Information which includes a cause indication for the not provided location information.
If step 1 did not occur, Endpoint B may send an SLPP Provide Location Information message to Endpoint A. The SLPP Provide Location Information message may include any SL-RTT results already available at Endpoint B.
3.	Optionally (e.g, if requested at step 1), Endpoint B may provide one or more additional SLPP Provide Location Information messages with SL-RTT measurements to Endpoint A (e.g., according to the periodic reporting criteria if received at step1).
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Anchor UE.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Server UE or LMF and Endpoint B may be a SL Target UE.
Table 8.15.2.2.3-1: Location request information that may be transferred between endpoints.
	Information 

	Requested location information type (location estimate, location measurements, range estimate, range measurements)

	Periodic reporting criteria

	Positioning QoS (desired horizontal/vertical accuracy, desired range accuracy, response time, velocity request)

	Environment information (expected multipath and non line of sight (NLOS) in the current area)

	Scheduled location time

	Requested measurement information:
-	ARP Information Request
-	LOS-NLOS Indicator Request
-	SL-PRS-RSRP Request
-	First Path SL-PRS-RSRPP Request
-	Additional Paths Request
-	Timing Quality Request
-	Multiple SL-PRS Rx-Tx Time Differences Request
-	Associated SL-PRS Tx Time Stamp Request


 
Table 8.15.2.2.3-2: Location result information that may be transferred between endpoints.
	Information
	SL Target UE-assisted
	SL Target UE-based

	Location estimate
	No
	Yes

	Range estimate
	No
	Yes

	Velocity estimate
	No
	Yes

	SL-RTT measurement information:
-	LOS-NLOS Indicator
-	ARP ID
-	SL-PRS Resource ID
-	SL-PRS Rx-Tx Time Difference measurement(s)
-	SL-PRS-RSRP measurement
-	SL-PRS First Path RSRPP measurement
-	Additional paths measurement
-	Time stamp of measurements
-	Timing quality of measurements
-	SL-PRS Tx time information
	Yes
	No


 
8.15.3	SL-AoA positioning
8.15.3.1	General
The SL-AoA positioning method makes use of SL angle of arrival measurements performed by a UE (e.g., target UE or anchor UE). The SL angle of arrival measurements performed by a UE of sidelink signals transmitted by a peer UE determines the azimuth and vertical angle (i.e., the direction) between the pair of UEs relative to a reference direction (e.g., geographical North).
8.15.3.2	SL-AoA positioning procedures
8.15.3.2.1	Capability transfer procedure
The capability transfer procedure for SL-AoA positioning is described in clause 7.11.2.1.
8.15.3.2.2	Assistance Data transfer procedure
Figure 8.15.3.2.2-1 shows the Assistance Data transfer operations for the SL-AoA positioning method.


Figure 8.15.3.2.2-1: Assistance Data transfer procedure.
1.	Endpoint A may determine that certain SL-AoA positioning assistance data are desired and sends an SLPP Request Assistance Data message to Endpoint B. This request includes an indication of which specific SL-AoA assistance data are requested.
2.	If step 1 occurred, Endpoint B provides the requested assistance in an SLPP Provide Assistance Data message to Endpoint A, if available at Endpoint B. The assistance data that may be signalled are listed in Table 8.15.3.2.2-1.  If any of the requested assistance data in step 1 are not provided in step 2, the Endpoint A shall assume that the requested assistance data are not supported, or currently not available at Endpoint B. If none of the requested assistance data in step 1 can be provided by Endpoint B, Endpoint B returns any information that can be provided in an SLPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
If step 1 did not occur, Endpoint B determines that SL-AoA assistance data needs to be provided to Endpoint A (e.g., as part of a positioning procedure) and sends an SLPP Provide Assistance Data message to Endpoint A.
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Server UE or LMF.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Target UE or SL Server UE and Endpoint B may be a SL Anchor UE.
NOTE 3:	Dependent on the scenario, Endpoint A may be a SL-PRS transmitting (Tx) UE and Endpoint B may be a SL-PRS receiving (Rx) UE.
Table 8.15.3.2.2-1: Assistance data that may be transferred between endpoints.
	Information 

	Application Layer ID, identifying a UE as defined in TS 23.287 [48]

	SL-PRS Sequence ID as defined in TS 38.211 [50]

	ARP ID, identifying an SL-PRS Tx ARP associated with a UE

	Anchor UE location coordinates

	SL-PRS Tx ARP location coordinates

	Expected AoA and uncertainty



8.15.3.2.3	Location Information transfer procedure
Figure 8.15.3.2.3-1 shows the Location Information transfer operations for the SL-AoA positioning method.


Figure 8.15.3.2.3-1: Location Information transfer procedure.
1.	Endpoint A may send an SLPP Request Location Information message to Endpoint B. This request includes an indication of SL-AoA measurements requested, including any needed measurement configuration information, and possibly a required response time as listed in Table 8.15.3.2.3-1.
2.	If step 1 occurred, Endpoint B obtains the SL-AoA measurements as requested in step 1. Endpoint B then sends an SLPP Provide Location Information message to Endpoint A, before the Response Time (if provided in step 1) elapsed, and includes the obtained SL-AoA measurements as listed in Table 8.15.3.2.3-2. If Endpoint B is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, Endpoint B returns any information that can be provided in an SLPP message of type Provide Location Information which includes a cause indication for the not provided location information.
If step 1 did not occur, Endpoint B may send an SLPP Provide Location Information message to Endpoint A. The SLPP Provide Location Information message may include any SL-AoA results already available at Endpoint B.
3.	Optionally (e.g, if requested at step 1), Endpoint B may provide one or more additional SLPP Provide Location Information messages with SL-AoA measurements to Endpoint A (e.g., according to the periodic reporting criteria if received at step1).
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Anchor UE.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Server UE or LMF and Endpoint B may be a SL Target UE.
Table 8.15.3.2.3-1: Location request information that may be transferred between endpoints.
	Information 

	Requested location information type (location estimate, location measurements, range estimate, range measurements)

	Periodic reporting criteria

	Positioning QoS (desired horizontal/vertical accuracy, desired direction accuracy, response time, velocity request)

	Environment information (expected multipath and non line of sight (NLOS) in the current area)

	Scheduled location time

	Requested measurement information:
-	LOS-NLOS Indicator Request
-	SL-PRS-RSRP Request
-	First Path SL-PRS-RSRPP Request
-	Additional Paths Request


 
Table 8.15.3.2.3-2: Location result information that may be transferred between endpoints.
	Information
	SL Target UE-assisted
	SL Target UE-based

	Location estimate
	No
	Yes

	Direction estimate
	No
	Yes

	Velocity estimate
	No
	Yes

	SL-AoA measurement information:
-	LOS-NLOS Indicator
-	Angle quality of measurements
-	Additional paths angle measurement
-	Azimuth/elevation measurement
-	Azimuth/elevation LCS to GCS transformation parameter
-	ARP ID
-	SL-PRS Resource ID
-	SL-PRS-RSRP measurement
-	SL-PRS First Path RSRPP measurement
-	Additional paths measurement
-	Time stamp of measurements
	Yes
	No


 
8.15.4	SL-TDOA positioning
8.15.4.1	General
The SL-TDOA positioning method makes use of SL-RSTD measurements of SL-PRS received at the target UE from two or more peer UEs (e.g., anchor UEs). The target UE measures the SL-RSTD of the received SL-PRS transmitted by two or more peer UEs. The Target UE position is estimated based on the SL-RSTD measurements and the knowledge of the geographical coordinates of the peer UEs (e.g., Anchor UEs) and their relative sidelink timing.
8.15.4.2	SL-TDOA positioning procedures
8.15.4.2.1	Capability transfer procedure
The capability transfer procedure for SL-TDOA positioning is described in clause 7.11.2.1.
8.15.4.2.2	Assistance Data transfer procedure
Figure 8.15.4.2.2-1 shows the Assistance Data transfer operations for the SL-TDOA positioning method.


Figure 8.15.4.2.2-1: Assistance Data transfer procedure.
1.	Endpoint A may determine that certain SL-TDOA positioning assistance data are desired and sends an SLPP Request Assistance Data message to Endpoint B. This request includes an indication of which specific SL-TDOA assistance data are requested.
2.	If step 1 occurred, Endpoint B provides the requested assistance in an SLPP Provide Assistance Data message to Endpoint A, if available at Endpoint B. The assistance data that may be signalled are listed in Table 8.15.4.2.2-1.  If any of the requested assistance data in step 1 are not provided in step 2, the Endpoint A shall assume that the requested assistance data are not supported, or currently not available at Endpoint B. If none of the requested assistance data in step 1 can be provided by Endpoint B, Endpoint B returns any information that can be provided in an SLPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
If step 1 did not occur, Endpoint B determines that SL-TDOA assistance data needs to be provided to Endpoint A (e.g., as part of a positioning procedure) and sends an SLPP Provide Assistance Data message to Endpoint A.
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Server UE or LMF.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Target UE or SL Server UE and Endpoint B may be a SL Anchor UE.
NOTE 3:	Dependent on the scenario, Endpoint A may be a SL-PRS transmitting (Tx) UE and Endpoint B may be a SL-PRS receiving (Rx) UE.
Table 8.15.4.2.2-1: Assistance data that may be transferred between endpoints.
	Information 

	Application Layer ID, identifying a UE as defined in TS 23.287 [48]

	SL-PRS Sequence ID as defined in TS 38.211 [50]

	ARP ID, identifying an SL-PRS Tx ARP associated with a UE

	Anchor UE location coordinates

	SL-PRS Tx ARP location coordinates

	Synchronization information between anchor UEs



8.15.4.2.3	Location Information transfer procedure
Figure 8.15.4.2.3-1 shows the Location Information transfer operations for the SL-TDOA positioning method.


Figure 8.15.4.2.3-1: Location Information transfer procedure.
1.	Endpoint A may send an SLPP Request Location Information message to Endpoint B. This request includes an indication of SL-TDOA measurements requested, including any needed measurement configuration information, and possibly a required response time as listed in Table 8.15.4.2.3-1.
2.	If step 1 occurred, Endpoint B obtains the SL-TDOA measurements as requested in step 1. Endpoint B then sends an SLPP Provide Location Information message to Endpoint A, before the Response Time (if provided in step 1) elapsed, and includes the obtained SL-TDOA measurements as listed in Table 8.15.4.2.3-2. If Endpoint B is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, Endpoint B returns any information that can be provided in an SLPP message of type Provide Location Information which includes a cause indication for the not provided location information.
If step 1 did not occur, Endpoint B may send an SLPP Provide Location Information message to Endpoint A. The SLPP Provide Location Information message may include any SL-TDOA results already available at Endpoint B.
3.	Optionally (e.g, if requested at step 1), Endpoint B may provide one or more additional SLPP Provide Location Information messages with SL-TDOA measurements to Endpoint A (e.g., according to the periodic reporting criteria if received at step1).
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Server UE or LMF and Endpoint B may be a SL Target UE.
Table 8.15.4.2.3-1: Location request information that may be transferred between endpoints.
	Information 

	Requested location information type (location estimate, location measurements)

	Periodic reporting criteria

	Positioning QoS (desired horizontal/vertical accuracy, response time, velocity request)

	Environment information (expected multipath and non line of sight (NLOS) in the current area)

	Scheduled location time

	Requested measurement information:
-	ARP Information Request
-	LOS-NLOS Indicator Request
-	SL-PRS-RSRP Request
-	First Path SL-PRS-RSRPP Request
-	Additional Paths Request
-	SL Timing Quality Request


 
Table 8.15.4.2.3-2: Location result information that may be transferred between endpoints.
	Information
	SL Target UE-assisted
	SL Target UE-based

	Location estimate
	No
	Yes

	Velocity estimate
	No
	Yes

	SL-TDOA measurement information:
-	LOS-NLOS Indicator
-	ARP ID
-	SL-PRS Resource ID
-	SL-PRS-RSRP measurement
-	SL-PRS First Path RSRPP measurement
-	SL-RSTD measurement
-	Additional paths measurement
-	Time stamp of measurements
-	Timing quality of measurements
	Yes
	No


 
8.15.5	SL-TOA positioning
8.15.5.1	General
The SL-TOA positioning method makes use of SL-RTOA measurements performed at multiple peer UEs (e.g., anchor UEs). The target UE transmits SL-PRS and the peer UEs (e.g., anchor UEs) measures the SL-RTOA relative to the peer UEs (e.g., anchor UEs) own time base. The Target UE position is estimated based on the SL-RTOA measurements and the knowledge of the geographical coordinates of the peer UEs (e.g., Anchor UEs) and their relative sidelink timing.
8.15.5.2	SL-TOA positioning procedures
8.15.5.2.1	Capability transfer procedure
The capability transfer procedure for SL-TOA positioning is described in clause 7.11.2.1.
8.15.5.2.2	Assistance Data transfer procedure
Figure 8.15.5.2.2-1 shows the Assistance Data transfer operations for the SL-TOA positioning method.


Figure 8.15.5.2.2-1: Assistance Data transfer procedure.
1.	Endpoint A may determine that certain SL-TOA positioning assistance data are desired and sends an SLPP Request Assistance Data message to Endpoint B. This request includes an indication of which specific SL-TOA assistance data are requested.
2.	If step 1 occurred, Endpoint B provides the requested assistance in an SLPP Provide Assistance Data message to Endpoint A, if available at Endpoint B. The assistance data that may be signalled are listed in Table 8.15.5.2.2-1.  If any of the requested assistance data in step 1 are not provided in step 2, the Endpoint A shall assume that the requested assistance data are not supported, or currently not available at Endpoint B. If none of the requested assistance data in step 1 can be provided by Endpoint B, Endpoint B returns any information that can be provided in an SLPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.
If step 1 did not occur, Endpoint B determines that SL-TOA assistance data needs to be provided to Endpoint A (e.g., as part of a positioning procedure) and sends an SLPP Provide Assistance Data message to Endpoint A.
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Server UE or LMF.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Target UE or SL Server UE and Endpoint B may be a SL Anchor UE.
NOTE 3:	Dependent on the scenario, Endpoint A may be a SL-PRS transmitting (Tx) UE and Endpoint B may be a SL-PRS receiving (Rx) UE.
Table 8.15.5.2.2-1: Assistance data that may be transferred between endpoints.
	Information 

	Application Layer ID, identifying a UE as defined in TS 23.287 [48]

	SL-PRS Sequence ID as defined in TS 38.211 [50]

	ARP ID, identifying an SL-PRS Tx ARP associated with a UE

	Anchor UE location coordinates

	SL-PRS Tx ARP location coordinates

	Synchronization information between anchor UEs



8.15.5.2.3	Location Information transfer procedure
Figure 8.15.5.2.3-1 shows the Location Information transfer operations for the SL-TOA positioning method.


Figure 8.15.5.2.3-1: Location Information transfer procedure.
1.	Endpoint A may send an SLPP Request Location Information message to Endpoint B. This request includes an indication of SL-TOA measurements requested, including any needed measurement configuration information, and possibly a required response time as listed in Table 8.15.5.2.3-1.
2.	If step 1 occurred, Endpoint B obtains the SL-TOA measurements as requested in step 1. Endpoint B then sends an SLPP Provide Location Information message to Endpoint A, before the Response Time (if provided in step 1) elapsed, and includes the obtained SL-TOA measurements as listed in Table 8.15.5.2.3-2. If Endpoint B is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, Endpoint B returns any information that can be provided in an SLPP message of type Provide Location Information which includes a cause indication for the not provided location information.
If step 1 did not occur, Endpoint B may send an SLPP Provide Location Information message to Endpoint A. The SLPP Provide Location Information message may include any SL-TOA results already available at Endpoint B.
3.	Optionally (e.g, if requested at step 1), Endpoint B may provide one or more additional SLPP Provide Location Information messages with SL-TOA measurements to Endpoint A (e.g., according to the periodic reporting criteria if received at step1).
NOTE 1:	Dependent on the scenario, Endpoint A may be a SL Server UE or LMF and Endpoint B may be a SL Target UE.
NOTE 2:	Dependent on the scenario, Endpoint A may be a SL Target UE and Endpoint B may be a SL Anchor UE.
Table 8.15.5.2.3-1: Location request information that may be transferred between endpoints.
	Information 

	Requested location information type (location estimate, location measurements)

	Periodic reporting criteria

	Positioning QoS (desired horizontal/vertical accuracy, response time, velocity request)

	Environment information (expected multipath and non line of sight (NLOS) in the current area)

	Scheduled location time

	Requested measurement information:
-	ARP Information Request
-	LOS-NLOS Indicator Request
-	SL-PRS-RSRP Request
-	First Path SL-PRS-RSRPP Request
-	Additional Paths Request
-	SL Timing Quality Request


 
Table 8.15.5.2.3-2: Location result information that may be transferred between endpoints.
	Information
	SL Target UE-assisted
	SL Target UE-based

	Location estimate
	No
	Yes

	Velocity estimate
	No
	Yes

	SL-TDOA measurement information:
-	LOS-NLOS Indicator
-	SL-RTOA measurement
-	ARP ID
-	SL-PRS Resource ID
-	SL-PRS-RSRP measurement
-	SL-PRS First Path RSRPP measurement
-	Additional paths measurement
-	Time stamp of measurements
-	Timing quality of measurements
	Yes
	No
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