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Introduction
In RAN1#98, an LS [1] was sent to RAN2 to inform about agreed reference signals, measurements and also some relation to positioning techniques for which the reference signals and associated measurements are intended to facilitate. The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2. The tables below from the LS provide mappings between reference signals and gNB measurements based on the latest status of the RAN1 discussion. 

	DL/UL Reference Signals 
	gNB Measurements 
	To facilitate support of the following positioning techniques 

	Rel.16 SRS for positioning 
	UL RTOA 
	UL-TDOA 

	Rel.16 SRS for positioning 
	UL SRS-RSRP 
	UL-TDOA, UL-AoA, Multi-RTT 

	Rel.16 SRS for positioning, Rel.16 DL PRS 
	gNB Rx-Tx time difference 
	Multi-RTT 

	Rel.16 SRS for positioning, 
	AoA and ZoA 
	UL-AoA, Multi-RTT 


 

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID




In general, a combination of these reference signals and measurements can be adopted in a hybrid positioning solution. Therefore, it is relevant to define general procedures that can be flexibly used for positioning. In this contribution, we discuss suitable definitions and flexible procedures for NR positioning in relation to the WID objectives [2]:
RAN2 centric objectives
Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
Define extensions of LPP protocol for NR RAT-dependent positioning [RAN2]
[bookmark: _Ref178064866]Positioning Methods
The RAN1 LS makes associations between positioning reference signals, associated measurements and positioning techniques. The current list of supported positioning methods in Release 15 is provided in Table 4.3.1-1 in TS 38.305 [2]:
Table 1: Supported UE positioning methods in NR Release 15.
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes (UE-assisted)

	E-CID Note 3, Note 4 
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	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:	In this version of the specification only E-CID based on LTE signals is supported.
NOTE 4:	This includes Cell-ID for NR method.
NOTE 5:	In this version of the specification only for TBS positioning based on MBS signals. 



OTDOA for NR devices in Rel- 15 is limited to configurations and measurements based on LTE PRS. As seen in the tables from the RAN1 LS, the measurement scope associated to positioning reference signals in NR has been widened, which means that the relation between reference signals, measurements and positioning methods are not as strong in NR as it is in LTE. 
[bookmark: _Toc21032894]	With widened measurement scope for NR positioning reference signals compared to LTE, the relation between positioning reference signals, associated measurements and positioning methods are not as strong in NR compared to LTE
It can therefore be instructive to generalize the NR positioning methods and introduce general procedures to enable flexible positioning that include hybrid positioning based on multiple measurement types. For flexibility reasons, it can be relevant to only discuss three categories of NR positioning methods:
· Downlink positioning, essentially based on configured UE positioning measurements
· Uplink positioning, essentially based on configured gNB measurements 
· ECID positioning, essentially based on UE measurements made available due to radio resource management procedures
[bookmark: _Toc21032897]Define downlink, uplink and ECID positioning methods for Rel 16 NR positioning 

Note that with this categorization, OTDOA will remain as a specific downlink positioning method based on LTE reference signals. This means that extensive restructuring of the stage 2 specification TS 38.305 [2] can be avoided, while remaining flexible with the introduction of NR downlink positioning. 
[bookmark: _Toc21032895]	NR OTDOA can be restricted to OTDOA based on LTE PRS measurements to enable flexible NR downlink positioning based on NR positioning measurements

Note also that ECID could have been incorporated into downlink NR positioning, but it is considered to be more natural to extend the existing ECID to also add NR measurements. Furthermore, ECID is tightly related to the configuration and measurement scope of RRC, which can provide a guidance when defining the difference between NR ECID and downlink positioning. For example, UE-Rx-Tx based on RRC configured reference signals and measurements is handled as part of NR ECID, while UE Rx-Tx based on LPP configured reference signals and measurements are handled as part of NR downlink positioning. With such a definition, NR downlink positioning can configure a DL PRS that can be used for either Reference Signal Time Difference or UE Rx-Tx measurements, with the difference only in the time reference used in the reporting. 
[bookmark: _Toc21032898]NR ECID positioning is based on measurements enabled via RRC, while NR downlink positioning is based on measurements enabled via LPP
[bookmark: _Hlk20973568]From the RAN1 table in the LS [1], this means extending current NR ECID to also support reporting of SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), and SS-RSRPB (for RRM).
[bookmark: _Toc21032899]Add NR ECID support for the following NR UE measurements: SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), and SS-RSRPB (for RRM)
This categorization is not perfect in all aspects. For example, NR ECID positioning configured via NRPPa between LMF and gNB-CU can result in per beam RSRP measurements reported via RRC to gNB-DU, which in turn is used to estimate DL AoD in the gNB-DU, to be reported as part of the ECID procedure to LMF. Furthermore, LMF can configure per beam RSRP measurements, for example based on DL PRS, reported via LPP to LMF, which in turn is used to estimate DL AoD. For clarity, it can be relevant to define NR DL AoD as part of NR downlink positioning in stage 2, while at the same time introduce signalling support for DL-AoD via LPP (NR downlink positiong) as well as NRPPa (NR ECID positioning).
[bookmark: _Toc21032900]DL AoD belongs concept-wise to NR downlink positioning, but it is also supported by NR ECID based on RRC configured measurements 
LTE ECID includes UL AoA and eNB Rx-Tx (timing advance, type 1 and 2). However, these are not based on RRC signalling, and therefore it can be instructive to exclude UL AoA and gNB Rx-Tx from the NR ECID scope and instead include UL A0A and gNB Rx-Tx in the Uplink positioning scope.
[bookmark: _Toc21032901]NR Uplink positioning includes UL AoA, UL ZoA and gNB Rx-Tx 
Multicell RTT is also part of the NR positioning scope in Rel-16. It is based on UE and gNB Rx-Tx measurements for at least serving cells. As discussed above, the difference between DL RSTD and UE-Rx-Tx is in what time reference that is used. Similarly, the same holds true for UL RTOA and gNB Rx-Tx measurements – the time reference is different. Therefore, it is natural to let UE-Rx-Tx be configured and reported as part of NR downlink positioning (and NR ECID positioning in case of RRC configured measurements). Similarly, it is natural to let gNB Rx-Tx be configured and reported as part of NR uplink positioning. Therefore, there is no need for a dedicated NR Multi-RTT positioning merhod.
[bookmark: _Toc21032902]Do not introduce a new dedicated NR positioning method for Multi-RTT 

Based on the proposals and discussion above, Table 1 could be updated to introduce two new positioning methods for NR positioning in Rel-16:
 Table 2: Supported UE positioning methods in NR Release 16.
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	OTDOA Note1
	No
	Yes
	No
	Yes

	E-CID Note 2
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 3
	Yes
	Yes
	No
	Yes (MBS)

	Downlink positioning Note 4,6
	Yes
	Yes
	Yes
	FFS

	Uplink positioning Note 5,6
	No
	No
	Yes
	FFS

	NOTE 1:	This includes OTDOA positioning based on LTE PRS, and TBS positioning based on PRS signals.
NOTE 2: 	This includes DL AoD supported by RRC
NOTE 3:	In this version of the specification only for TBS positioning based on MBS signals. 
NOTE 4: 	This includes DL-TDOA and DL-AoD. 
NOTE 5: 	This includes UL-TDOA and UL-AoA. 
NOTE 6:   Multi-RTT is supported as a combination of downlink and uplink positioning



[bookmark: _Toc21032903]Introduce Table 2 in TS 38.305 
[bookmark: _Toc21032904]Agree to the Text Proposal for TS 38.305 in Appendix A

TRP Definition
In LTE, RAN2 had the following definition for Transmission Point (TP):
Transmission Point (TP): A set of geographically co-located transmit antennas for one cell, part of one cell or one 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 PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.

Now in NR, the concept of TP has been transformed to Transmission Reception Point (TRP), below while we try to keep the text as close as possible to what we had for LTE, we would also suggest adding the highlighted parts in order to furnish the NR aspects in the TRP definition: 
Transmission Reception Point (TRP): A set of geographically co-located transmit antennas for one cell, part of one cell or one or several NR PRS resource set(s), PRS-only TP or one SRS-only RP. Transmission Reception Points can include base station (NG-RAN node ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a PRS-only TP, etc. In case of split gNB architecture, the TRP is part of the gNB-DU. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission reception point may correspond to one cell.

[bookmark: _Toc21032905]RAN2 to agree on above TRP definition to be included in 38.305 and 36.355. 
[bookmark: _Hlk13053798]
UL SRS Transmission for Multi-Cell
UL SRS Transmission for Multi-Cell RTT/UL-TDOA in FR1

Some challenges to multi-cell UL SRS transmission are:
· Supporting transmissions to multiple cells in UL has a big impact on UE complexity
· UL transmissions to non-serving cells increase interference in the network
· Uplink signals are usually significantly weaker than their downlink counterparts, e.g., due to power control and also lower maximum output power for UEs. 
· Controlling the UE transmit timing for transmissions to neighbor (non-serving) cells is challenging (in LTE, timing advance only for the UE’s serving cell is supported)
· A lot of signaling is needed to make the neighbor cells aware of the exact UE’s UL transmissions they need to receive
· Extensive signaling is needed between the UE and the different neighbors and serving cells.


An alternative simplified positioning method using RTT is based on RTT only to the serving cell and rely on DL PRS RSTD measurements for the neighbor cells to be reported. That would however require a synchronized network or known RTDs. This can be avoided if the serving base station also measures the time of arrival of the neighbor DL PRS, and reports to the location server.





A simplified multi cell RTT is described below.
Rx-Tx measurements are bidirectional measurements involving both DL and UL. Multi-cell RTT based on UE Rx-Tx measurements could be based on measuring DL signals from the serving and neighbor cells but with the UL transmission to the serving cell only. 
DL from serving and neighbor cells and UL transmission to the serving cell only is less complex for the network and require less power from the UE and requires less signalling), while having UL transmission to all neighbor cells is much more complex with unclear additional benefits. The above figure depicts a simplified procedure.
Considering above Figure; Rxn1, Rxn2 are the received neighbour cell time computed by UE, Rxs is the serving cell received signal time and Txs is the time when UE transmits in UL to serving cell.
Thus, UE would report 
Rxn1 – Txs for Neighbor cell1
Rxn2 – Txs for Neighbor cell 2
Rxs – Txs for serving cell
As of gNB Rx-Tx, in order to avoid complex procedures and signalling, it is suggested that the gNB Rx-Tx measurement is performed only for the serving cell DL and serving cell UL.
Further, a simplified multi-cell RTT is performed only in the same frequency as serving cell. Thus, to avoid complexity inter-frequency layer measurements are avoided.

[bookmark: _Toc7735304][bookmark: _Toc16774164][bookmark: _Toc16776535][bookmark: _Toc7383047][bookmark: _Toc7383104][bookmark: _Toc7383461][bookmark: _Toc7714252][bookmark: _Toc7714520][bookmark: _Toc7731652][bookmark: _Toc7731770][bookmark: _Toc7731796][bookmark: _Toc21032906]RAN2 to agree on definitions of multi-cell RTT based solutions, where complexity, signaling and interference concerns are addressed 
[bookmark: _Toc16776536][bookmark: _Toc21032907]Define a multi-cell RTT solution based on UE Tx only towards the serving cell, UE reports Rx-Tx for neighbor cells where Tx is based upon Tx associated to serving cell.
UL SRS Transmission for Multi-Cell RTT/UL-TDOA in FR2

In order for UL based positioning methods to work efficiently in FR2, a tight co-ordination is required between the network and the UE. The UE is required to transmit SRS in beamforming fashion towards different TRPs (gNB-DU). Each TRP has to listen and compute the UL-RTOA. The transmitted UL SRS has to be received unambiguously to the TRPs so that the measurement performed is not erroneous. UE would require the information as to which TRPs and which timestamp the UE needs to transmit the UL SRS. Further, the network would also require the information as what would be the preferred UL beam direction for the UL SRS transmission. The network may decide this based upon the DL beam measurement results and finding a suitable DL beam for correspondence.
In a simple form a sequence flow as below would be desired.


Figure 1: Determining and Signalling the Preferred Angle for UL Transmission

Based upon beam sweep or beam measurement report, the network (LMF) may decide the preferred direction that UE should perform the transmission.
This procedure, obtaining the beam measurement report can be part of E-CID; thus, before invoking the UL positioning procedure, NW may invoke the E-CID procedure with different neighbour beam list.
[bookmark: _Toc16288840][bookmark: _Toc16776311][bookmark: _Toc21032896]Angle based measurement result and RSRP result (ECID) are essential for efficient UL Positioning method in FR2.

Before UE transmits the UL SRS, an uplink beam scheduling information would be required by the UE which can be provided by the LMF using LPP as shown below in the sequence flow.

[image: ]
Figure 2: Sequence flow. Beam Measurement Procedure before UL Positioning Procedure and UL Beam scheduling pattern provided by the NW in LPP.

The UL beam scheduling information consist of below parameters:
a) Number of UL Beams
For each beam:
· DL Beam Id for alignment or correspondence
· UL Beam Angle
· UL Beam Transmit Power
· StartTime
· Duration

When NW has determined the involved TRPs; it will prepare the UL beam scheduling such that UE will orient its beam as per the scheduling information.
UE
TRP1
TRP2
 
TRP3
 
Beam1
Beam2
Beam3

Time
t1
t2
t3
t1
t2
t3
Beam1
Beam1
Beam2
Beam3
Beam3
Beam2


Figure 3: An example of UL beam Scheduling


[bookmark: _Toc16776305][bookmark: _Toc21032908]For an FR2 uplink-based positioning method such as for UTDOA, an uplink beam scheduling information is provided to UE. 
[bookmark: _Toc16776306][bookmark: _Toc21032909]The UL beam scheduling information includes DL beam ID, UL beam angle, UL beam Tx power, start time, duration
[bookmark: _Toc16776307][bookmark: _Toc21032910]UE uses the UL beam scheduling information to project the beams for uplink positioning methods.




Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	With widened measurement scope for NR positioning reference signals compared to LTE, the relation between positioning reference signals, associated measurements and positioning methods are not as strong in NR compared to LTE
Observation 2	NR OTDOA can be restricted to OTDOA based on LTE PRS measurements to enable flexible NR downlink positioning based on NR positioning measurements
Observation 3	Angle based measurement result and RSRP result (ECID) are essential for efficient UL Positioning method in FR2.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Define downlink, uplink and ECID positioning methods for Rel 16 NR positioning
Proposal 2	NR ECID positioning is based on measurements enabled via RRC, while NR downlink positioning is based on measurements enabled via LPP
Proposal 3	Add NR ECID support for the following NR UE measurements: SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), and SS-RSRPB (for RRM)
Proposal 4	DL AoD belongs concept-wise to NR downlink positioning, but it is also supported by NR ECID based on RRC configured measurements
Proposal 5	NR Uplink positioning includes UL AoA, UL ZoA and gNB Rx-Tx
Proposal 6	Do not introduce a new dedicated NR positioning method for Multi-RTT
Proposal 7	Introduce Table 2 in TS 38.305
Proposal 8	Agree to the Text Proposal for TS 38.305 in Appendix A
Proposal 9	RAN2 to agree on above TRP definition to be included in 38.305 and 36.355.
Proposal 10	RAN2 to agree on definitions of multi-cell RTT based solutions, where complexity, signaling and interference concerns are addressed
Proposal 11	Define a multi-cell RTT solution based on UE Tx only towards the serving cell, UE reports Rx-Tx for neighbor cells where Tx is based upon Tx associated to serving cell.
Proposal 12	For an FR2 uplink-based positioning method such as for UTDOA, an uplink beam scheduling information is provided to UE.
Proposal 13	The UL beam scheduling information includes DL beam ID, UL beam angle, UL beam Tx power, start time, duration
Proposal 14	UE uses the UL beam scheduling information to project the beams for uplink positioning methods.
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[bookmark: _Toc525727652]4.3	Standard UE Positioning Methods
[bookmark: _Toc525727653]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;
-	enhanced cell ID methods;
-	barometric pressure sensor positioning;
-	WLAN positioning;
-	Bluetooth positioning;
-	terrestrial beacon system (TBS) positioning.
-	downlink NR positioning
-	uplink NR positioning
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 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 6

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes (UE-assisted)

	E-CID Note 3, Note 4 
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Barometric
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	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:	In this version of the specification only E-CID based on LTE signals is supported.
NOTE 4:	This includes Cell-ID for NR method.
NOTE 5:	In this version of the specification only for TBS positioning based on MBS signals.
NOTE 6:	SUPL 2.0 ([15], [16]) is not defined to support NR.



	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	OTDOA Note1
	No
	Yes
	No
	Yes

	E-CID Note 2
	No
	Yes
	Yes
	Yes for E-UTRA (UE-assisted)

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 3
	Yes
	Yes
	No
	Yes (MBS)

	Downlink positioning Note 4,6
	Yes
	Yes
	Yes
	FFS

	Uplink positioning Note 5,6
	No
	No
	Yes
	FFS

	NOTE 1:	This includes OTDOA positioning based on LTE PRS, and TBS positioning based on PRS signals.
NOTE 2: 	This includes DL AoD supported by RRC
NOTE 3:	In this version of the specification only for TBS positioning based on MBS signals. 
NOTE 4: 	This includes DL-TDOA and DL-AoD. 
NOTE 5: 	This includes UL-TDOA and UL-AoA. 
NOTE 6:   Multi-RTT is supported as a combination of downlink and uplink positioning



Barometric pressure sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding sections.
[bookmark: _Toc525727654]4.3.2	Network-assisted GNSS methods
These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS).
In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the location of a UE.
The operation of the network-assisted GNSS methods is described in clause 8.1.
[bookmark: _Toc525727655]4.3.3	OTDOA positioning
The OTDOA positioning method makes use of the measured timing of downlink LTE signals received from multiple TPs, comprising eNBs, ng-eNBs and PRS-only TPs, at the UE. The UE measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to locate the UE in relation to the neighbouring TPs.
The operation of the OTDOA method is described in clause 8.2.
[bookmark: _Toc525727656]4.3.4	Enhanced Cell ID methods
In the Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving ng-eNB, gNB and cell. The information about the serving ng-eNB, gNB and cell may be obtained by paging, registration, or other methods.
Enhanced Cell ID (E‑CID) positioning refers to techniques which use additional UE measurements and/or NG-RAN radio resource and other measurements to improve the UE location estimate.
In this version of the specification, E-CID is supported for E-UTRA only.
Although E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions.
In cases with a requirement for close time coupling between UE and ng-eNB measurements (e.g., TADV type 1 and UE E-UTRA Rx-Tx time difference), the ng-eNB configures the appropriate RRC measurements and is responsible for maintaining the required coupling between the measurements.
In the case of a serving gNB, E‑CID positioning can be supported using E-UTRA measurements provided by a UE to the serving gNB.
The operation of the Enhanced Cell ID method is described in clause 8.3.
[bookmark: _Toc525727657]4.3.5	Barometric pressure sensor positioning
The barometric pressure sensor method makes use of barometric sensors to determine the vertical component of the position of the UE. The UE measures barometric pressure, optionally aided by assistance data, to calculate the vertical component of its location or to send measurements to the positioning server for position calculation.
This method should be combined with other positioning methods to determine the 3D position of the UE.
The operation of the Barometric pressure sensor positioning method is described in clause 8.4.
[bookmark: _Toc525727658]4.3.6	WLAN positioning
The WLAN positioning method makes use of the WLAN measurements (AP identifiers and optionally other measurements) and databases to determine the location of the UE. The UE measures received signals from WLAN [21] access points, optionally aided by assistance data, to send measurements to the positioning server for position calculation. Using the measurement results and a references database, the location of the UE is calculated.
Alternatively, the UE makes use of WLAN measurements and optionally WLAN AP assistance data provided by the positioning server, to determine its location.
The operation of the WLAN positioning method is described in clause 8.5.
[bookmark: _Toc525727659]4.3.7	Bluetooth positioning
The Bluetooth positioning method makes use of Bluetooth measurements (beacon identifiers and optionally other measurements) to determine the location of the UE. The UE measures received signals from Bluetooth [22] beacons. Using the measurement results and a references database, the location of the UE is calculated. The Bluetooth methods may be combined with other positioning methods (e.g. WLAN) to improve positioning accuracy of the UE.
The operation of the Bluetooth positioning method is described in clause 8.6.
[bookmark: _Toc525727660]4.3.8	TBS positioning
A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. The current type of TBS positioning signals are the MBS (Metropolitan Beacon System) signals [23] and Positioning Reference Signals (PRS) (TS 36.211 [24]). The UE measures received TBS signals, optionally aided by assistance data, to calculate its location or to send measurements to the positioning server for position calculation.
The operation of the TBS positioning method based on MBS signals is described in clause 8.7.
TBS positioning based on PRS signals is part of OTDOA positioning and described in clause 8.2.
4.3.9	Downlink NR positioning
The downlink NR positioning method makes use of measured downlink signals received from multiple TRPs, comprising eNBs, ng-eNBs, gNBs and PRS-only TPs, at the UE. The UE measures the timing, received power, received quality etc of the received signals, using assistance data received from the positioning server, and the resulting measurements are used to locate the UE in relation to the neighbouring TPs. The method comprises DL-TDOA and DL AoD and is also part of Multi-RTT.
The operation of the downlink positioning method is described in clause 8.x.
4.3.10	Uplink NR positioning
The uplink positioning method makes use of the measured timing at multiple TRPs of uplink signals transmitted from UE. The LMU measures the timing, angle of arrival, etc of the received signals using assistance data received from the positioning server, and the resulting measurements are used to estimate the location of the UE. The method includes UL-TDO and, UL AoA, and is also part of Multi-RTT-
The operation of the uplink positioning method is described in clause 8.y.
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