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	Reason for change:
	This is a merged CR resulting from the proposals in the following CRs:
Based on discussion of R2-2010141:
1. In Rel-16 there is a E-CID positioning method and a NR E-CID positioning method. Although the Rel-16 E-CID is based on LTE signals only, inter-RAT NR, GERAN, UTRA or WLAN measurements reported by UE to serving ng-eNB can also be used for Rel-16 uplink E-CID. This is not very explicit in the specification.
2. The NR E-CID is used when the UE is served by a gNB and is based on UE and gNB measurements. In section 4.3.10 it incorrectly states that NG-RAN which also encompases ng-eNB.
3. In section 8.3.1, inter-RAT NR measurements used for uplink E-CID are missing. RAN3 signalling supports E-CID INITIATION REQUEST NRPPa message to request NR RAT measurements.
4. In section 8.9.1, inter-RAT E-UTRA measurements used for uplink NR E-CID are missing. RAN3 signalling supports E-CID INITIATION REQUEST NRPPa message to request E-UTRA measurements as an other RAT measurement.
5. For downlink E-CID positioning and downlink NR E-CID positioning, the UE reports the measurements it has available rather than being required to perform new measurements. However, in Section 8.3.3.3.1 and 8.9.3.3.1 it says “the UE performs the requested measurement” as opposed to reporting the available measurement. A similar correction was made to LTE 36.305 in RAN2#111-e in R2-2008259.
Based on discussion of R2-2010574:
6. Information about operations that occur in the LMF, NG-RAN and UE when UE-positioning-related services is instigated from the 5GC for Deferred MT-LR is missing.

Based on discussion of R2-2010992, R2-2010266 and R2-2010657:
7. In the previous meeting, we have agreed to support aperiodic SRS for positioning and RAN3 has defined NRPPa signalling for aperiodic SRS activation while in the current spec, this description is missing.
8. According to the 38.455, the Positioning Deactivation procedure can be sent from LMF to the gNB either to deactivate certain SRS resource set, or to release all the related resources to configure UE to stop transmitting SRS for positioning. 
9.  The current UL positioning procedures, including Figure 8.10.4-1, Figure 8.13.3.4-1, and Figure 8.14.3.4-1, includes the Positioning Information Request and Positioning Activation to request the serving NG-RAN to configure UE sending SRS. However, the NG-RAN cannot stop the UE from transmitting SRS if it does not receive the Deactivation message from LMF, when the positioning is finished at LMF. For semi-persistent SRS transmission, the Positioning Deactivation can be used to deactivate the SRS transmission. For periodic/semi-persistent SRS transmission, the Positioning Deactivation can also be used to request the serving NG-RAN to configure the UE to stop SRS transmission. Thus, the Positioning Deactivation step is necessary for timely release of the resources for the UE.
10.  The editor’s note in 8.2.3.2.2.1 is not relevant anymore and can be removed (based on R2-2010657). 
11.  Miscellaneous issues and editorial corrections from R2-2010266 for Sections 4.3.15, 5.3.3, 6.4.2 and 7.3.3

Based on discussion of R2-2010068 and R2-2010092:
12. The NR positioning methods (DL-TDOA, DL-AoD, Multi-RTT, NR E-CID (downlink), UL-TDOA, UL-AoA) have been added to OMA SUPL ULP V2.0. However, Table A.1-1 currently indicates no support for these positioning methods in SUPL.

	
	

	Summary of change:
	1. Clarified in Section 4.3.4 that in the case of a serving ng-eNB, uplink E-CID may use inter-RAT NR, GERAN, UTRA or WLAN measurements reported by UE
2. In Section 4.3.10, changed NG-RAN measurements to gNB measurements
3. In Section 8.3.1, added the missing inter-RAT NR measurements used for uplink E-CID
4. In Section 8.9.1, added the missing inter-RAT E-UTRA measurements used for uplink NR E-CID
5. In Section 8.3.3.3.1 and 8.9.3.3.1, step 2 for downlink E-CID and downlink NR E-CID are corrected to say the UE reports the measurement if available and not perform the requested measurement
6. Add description of Deferred MT-LR in Section 7.3
7. Add the description for aperiodic SRS in positioning activation/deactivation procedure for UL-AOA, UL-TDOA and multi-RTT
8. Fix the procedure by adding NRPPa POSITIONING DEACTIVATION after NRPPa MEASUREMENT RESPONSE for UL-AOA, UL-TDOA and multi-RTT
9.  Add relevant information in the Information that may be transferred from the LMF to gNB
10.  Remove editor’s note in Section 8.2.3.2.2.1
11.  Miscellaneous editorial corrections in Sections 4.3.15, 5.3.3, 6.4.2 and 7.3.3
12.  Support for NR positioning methods in SUPL has been indicated in Table A.1-1

Impact analysis
Impacted functionality: 
· E-CID and NR E-CID positioning
· Deferred Location Request Procedure
· UL-AOA, UL-TDOA and multi-RTT
· Supported NR positioning methods in SUPL

Inter-operability (Only those changes in this CR with inter-operability impact is shown below): 
1. If the network is implemented according to the CR and the UE is not,
· some inter-RAT measurements for E-CID/NR E-CID may not be reported to LMF resulting in restrictions in E-CID/NR E-CID positioning functionality.
2. If the UE is implemented according to the CR and the network is not: 
· the LMF may not request some inter-RAT measurements for E-CID/NR E-CID resulting in restrictions in E-CID/NR E-CID positioning functionality.
· the UE will expect the network to send a message to stop transmitting SRS while the network does not, which may result in the UE continuing to transmit SRS without stopping

	
	

	Consequences if not approved:
	· Ambiguity in specification with regards to what signals are used and what inter-RAT measurements are used for E-CID and NR E-CID positioning
· Errors about referenced RAN nodes remains in the specification leading to confusion
· Contradicting UE behavior regarding E-CID and NR-ECID measurement reporting in different parts of the specification
· The interaction between procedures in TS 23.273 and TS 38.305 would miss aspects related to deferred location requests. This may lead to incompatibility between implementations of network entities
· Stage2 description regarding SRS activation/deactivation is incomplete
· Table A.1-1 wrongly indicates no SUPL support for NR positioning methods.
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[bookmark: _Toc12632592][bookmark: _Toc29305286][bookmark: _Toc37338091][bookmark: _Toc46488932][bookmark: _Toc52567285]4.3	Standard UE Positioning Methods
[bookmark: _Toc12632593][bookmark: _Toc29305287][bookmark: _Toc37338092][bookmark: _Toc46488933][bookmark: _Toc52567286]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.
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

	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.



Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding clauses.
Next Modified Subclause
[bookmark: _Toc12632596][bookmark: _Toc29305290][bookmark: _Toc37338095][bookmark: _Toc46488936][bookmark: _Toc52567289]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) based on LTE signals 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 the case of a serving ng-eNB, uplink E-CID may be supported based on NR, GERAN, UTRA or WLAN signals.
Although E-CID based on LTE signals 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 based on LTE signals positioning can be supported using E-UTRA measurements provided by a UE to the serving gNB.
The operation of the Enhanced Cell ID based on LTE signals method is described in clause 8.3.
Next Modified Subclause
[bookmark: _Toc37338101][bookmark: _Toc46488942][bookmark: _Toc52567295][bookmark: _Toc12632602][bookmark: _Toc29305296]4.3.10	NR Enhanced Cell ID methods
NR Enhanced Cell ID (NR E‑CID) positioning refers to techniques which use additional UE measurements and/or NG-RANgNB measurements to improve the UE location estimate. 
Although NR 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.
The operation of the NR Enhanced Cell ID method is described in clause 8.9.
Next Modified Subclause
[bookmark: _Toc37338106][bookmark: _Toc46488947][bookmark: _Toc52567300]4.3.15	UL-AoA
The UL-AoA positioning method makes use of the measured azimuth angle of arrival (A-AoA) and zenith angle of arrival (Z-AoA) at multiple RPs of uplink signals transmitted from the UE. The RPs measure A-AoA and Z-AoA 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.
Next Modified Subclause
[bookmark: _Toc37338113][bookmark: _Toc46488954][bookmark: _Toc52567307]5.3.3	Assistance Information Broadcast Support
An LMF can interact with any NG-RAN node reachable from any of the AMFs with signalling access to the LMF in order to provide assistance data information for broadcasting. The information can include positioning System Information Blocks (posSIBs) together with assistance information meta data, broadcast cells and broadcast periodicity.
Signalling access between the LMF and NG-RAN node is via any AMF with signalling access to both the LMF and NG-RAN node.
Next Modified Subclause
[bookmark: _Toc12632629][bookmark: _Toc29305323][bookmark: _Toc37338137][bookmark: _Toc46488979][bookmark: _Toc52567332]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 [2928].
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].
[bookmark: _Toc12632624][bookmark: _Toc29305318][bookmark: _Toc37338132][bookmark: _Toc46488974][bookmark: _Toc52567327]Next Modified Subclause
[bookmark: _Toc12632650][bookmark: _Toc29305344][bookmark: _Toc37338159][bookmark: _Toc46489001][bookmark: _Toc52567354]7.3	Service Layer Support using combined LPP and NRPPa Procedures
[bookmark: _Toc12401780][bookmark: _Toc46489004][bookmark: _Toc52567357]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 Request included in a UL NAS TRANSPORT message as specified in TS 24.501 [29] to the AMF. The MO-LR request may carry an LPP PDU to instigate one or more LPP procedures to transfer capabilities, request assistance data, request location information and/or transfer location information.
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 received in step 1.
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).
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.
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, and/or with a final LPP message (e.g., that could provide a location estimate to the UE if requested by the UE in step 1).
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 Response included in a DL NAS TRANSPORT message as specified in TS 24.501 [3329], carrying any final LPP PDU that was received in step 5.
Next Modified Subclause
7.3.X	Deferred MT-LR Event Reporting Support
Figure 7.3.X-1 shows the sequence of operations for an Deferred MT-LR Event Reporting starting at the point where the UE reports an event to the LMF.


Figure 7.3.X-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 [yy] 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.
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 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.
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 2 and 3.
Next Modified Subclause
[bookmark: _Toc12632714][bookmark: _Toc29305408][bookmark: _Toc37338231][bookmark: _Toc46489074][bookmark: _Toc52567427]8.2.3.2.2	Assistance Data Delivery between LMF and ng-eNB
The purpose of this procedure is to enable the ng-eNB to provide assistance data to the LMF, for subsequent delivery to the UE using the procedures of clause 8.2.3.2.1 or for use in the calculation of positioning estimates at the LMF.
[bookmark: _Toc12632715][bookmark: _Toc29305409][bookmark: _Toc37338232][bookmark: _Toc46489075][bookmark: _Toc52567428]8.2.3.2.2.1	LMF-initiated assistance data delivery to the LMF
Figure 8.2.3.2.2.1-1 shows the Assistance Data Delivery operation from the ng‑eNB to the LMF for the OTDOA positioning method, in the case that the procedure is initiated by the LMF.
[image: ]
Figure 8.2.3.2.2.1-1: LMF-initiated Assistance Data Delivery Procedure
(1)	The LMF determines that certain OTDOA positioning assistance data are desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa OTDOA INFORMATION REQUEST message to the ng‑eNB. This request includes an indication of which specific OTDOA assistance data are requested.
(2)	The ng-eNB provides the requested assistance in an NRPPa OTDOA INFORMATION RESPONSE message, if available at the ng‑eNB. If the ng-eNB is not able to provide any information, it returns an OTDOA INFORMATION FAILURE message indicating the cause of the failure.
Editor's Note:	Additional information on OTDOA supporting procedures may be included later, e.g., based on clause 8.4 in 36.305 with appropriate changes for NG-RAN.
Next Modified Subclause
[bookmark: _Toc12632719][bookmark: _Toc29305413][bookmark: _Toc37338236][bookmark: _Toc46489079][bookmark: _Toc52567432]8.3	Enhanced cell ID positioning methods
[bookmark: _Toc12632720][bookmark: _Toc29305414][bookmark: _Toc37338237][bookmark: _Toc46489080][bookmark: _Toc52567433]8.3.1	General
In the Cell ID (CID) positioning method, the UE position is estimated with the knowledge of the geographical coordinates of its serving ng-eNB or gNB.
Enhanced Cell ID (E-CID) based on LTE signals positioning refers to techniques which use UE and/or NG-RAN radio resource related measurements to improve the UE location estimate. In the case of a serving ng-eNB, uplink E-CID may use inter-RAT NR, GERAN, UTRA or WLAN measurements reported by UE.
In this version of the specification, only E-CID based on LTE signals is supported.
NOTE:	For E-CID positioning methods the UE reports only the measurements that it has available rather than being required to take additional measurement actions. Therefore, the measurement gap request procedure described in clause 7.4.1.1 is not applicable for E-CID positioning methods.
E-CID measurements for E-UTRA may include [17, 18]:
UE measurements (TS 36.214 [17], TS 36.302 [18]):
-	E-UTRA Reference signal received power (RSRP);
-	E-UTRA Reference Signal Received Quality (RSRQ);
-	UE E-UTRA Rx – Tx time difference;
E-CID UE measurements for other RAT may include:
-	GERAN RSSI;
-	UTRAN CPICH RSCP;
-	UTRAN CPICH Ec/Io;
-	WLAN RSSI.
-	SS Reference signal received power (SS-RSRP);
-	SS Reference Signal Received Quality (SS-RSRQ);
NOTE:	The above GERAN, UTRAN, WLAN and NR measurements by UE are only used for Uplink E-CID positioning.
E-UTRANng-eNB measurements (TS 36.214 [17], TS 36.302 [18]):
-	ng-eNB Rx – Tx time difference;
[bookmark: _Hlk494070603]-	Timing Advance (TADV):
-	Type1: TADV = (ng-eNB Rx – Tx time difference) + (UE E-UTRA Rx – Tx time difference);
-	Type2: TADV = ng-eNB Rx – Tx time difference;
-	Angle of Arrival (AoA).
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are beyond the scope of this specification.
[bookmark: _Toc12632724][bookmark: _Toc29305418][bookmark: _Toc37338241][bookmark: _Toc46489084]Next Modified Subclause
[bookmark: _Toc12632726][bookmark: _Toc29305420][bookmark: _Toc37338243][bookmark: _Toc46489086][bookmark: _Toc52567439]8.3.3	Downlink E-CID Positioning Procedures
The procedures described in this clause support E-CID related measurements obtained by the UE and provided to the LMF using LPP. The term "downlink" is intended to indicate that from the LMF perspective the involved measurements are provided by the UE; this set of procedures might also be considered as "UE-assisted, LMF-based E-CID".
[bookmark: _Toc12632729][bookmark: _Toc29305423][bookmark: _Toc37338246][bookmark: _Toc46489089][bookmark: _Toc52567442]8.3.3.3	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: _Toc12632730][bookmark: _Toc29305424][bookmark: _Toc37338247][bookmark: _Toc46489090][bookmark: _Toc52567443]8.3.3.3.1	LMF-initiated Location Information Transfer
Figure 8.3.3.3-1 shows the Location Information Transfer operations for the E-CID method when the procedure is initiated by the LMF.

Figure 8.3.3.3-1: LMF-initiated Location Information Transfer Procedure.
(1)	The LMF sends a LPP Request Location Information message to the UE for invocation of E-CID positioning. This request includes the E-CID measurements requested by the LMF and supported by the UE as listed in Table 8.3.2.4-1 together with a required response time.
(2)	The UE performs the requested measurements and sends an LPP Provide Location Information message to the LMF and reports the requested measurements that are available in the UE before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements are not available, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been 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.
Next Modified Subclause
[bookmark: _Toc37338332][bookmark: _Toc46489175][bookmark: _Toc52567528]8.9	NR Enhanced cell ID positioning methods
[bookmark: _Toc37338333][bookmark: _Toc46489176][bookmark: _Toc52567529]8.9.1	General
NR Enhanced Cell ID (NR E-CID) positioning refers to techniques which use UE and/or NR radio resource related measurements to improve the UE location estimate. In the case of uplink NR E-CID inter-RAT E-UTRA measurements reported by UE may also be used.
NOTE:	For NR E-CID positioning methods the UE reports only the measurements that it has available rather than being required to take additional measurement actions. Therefore, the measurement gap request procedure described in clause 7.4.1.1 is not applicable for NR E-CID positioning methods.
NR E-CID measurements may include:
UE measurements (TS 38.215 [37]):
-	SS Reference signal received power (SS-RSRP);
-	SS Reference Signal Received Quality (SS-RSRQ);
-	CSI Reference signal received power (CSI-RSRP);
-	CSI Reference Signal Received Quality (CSI-RSRQ).
The UE measurements above may be aggregated at cell level, or measured per SSB or CSI-RS resource.
NR E-CID UE measurements for other RAT may include:
-	E-UTRA Reference signal received power (RSRP);
-	E-UTRA Reference Signal Received Quality (RSRQ);
NOTE:	The above E-UTRA measurements by UE are only used for Uplink NR E-CID positioning
gNB measurements (TS 38.215 [37]):
-	UL Angle of Arrival (azimuth and elevation).
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are beyond the scope of this specification.
[bookmark: _Toc37338337][bookmark: _Toc46489180]Next Modified Subclause
[bookmark: _Toc52567534]8.9.3	Downlink NR E-CID Positioning Procedures
The procedures described in this clause support NR E-CID related measurements obtained by the UE and provided to the LMF using LPP. The term "downlink" is intended to indicate that from the LMF perspective the involved measurements are provided by the UE; this set of procedures might also be considered as "UE-assisted, LMF-based NR E-CID".
[bookmark: _Toc37338340][bookmark: _Toc46489183][bookmark: _Toc52567537]8.9.3.3	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: _Toc37338341][bookmark: _Toc46489184][bookmark: _Toc52567538]8.9.3.3.1	LMF-initiated Location Information Transfer from UE
Figure 8.9.3.3-1 shows the Location Information Transfer operations for the NR E-CID method from UE when the procedure is initiated by the LMF.


Figure 8.9.3.3.1-1: LMF-initiated Location Information Transfer Procedure.
(1)	The LMF sends a LPP Request Location Information message to the UE for invocation of NR E-CID positioning. This request includes the NR E-CID measurements requested by the LMF and supported by the UE as listed in Table 8.9.2.2-1 together with a required response time.
(2)	The UE performs the requested measurements and sends an LPP Provide Location Information message to the LMF and reports the requested measurements that are available in the UE before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements are not available, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been 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.
Next Modified Subclause
[bookmark: _Toc46489192][bookmark: _Toc37338349]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



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 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



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 UL-SRS 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



Next Modified Subclause
[bookmark: _Toc46489206][bookmark: _Toc52567564]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 38.211 [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 [xx].
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.
Next Modified Subclause
[bookmark: _Toc46489207][bookmark: _Toc52567565]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.
132.	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.
Next Modified Subclause
[bookmark: _Toc52567608]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



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 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



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



Next Modified Subclause
[bookmark: _Toc46489256][bookmark: _Toc52567614][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 38.211 [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 [xx].
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]Next Modified Subclause
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.
Next Modified Subclause
[bookmark: _Toc52567622]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



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 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



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



Next Modified Subclause
[bookmark: _Toc46489270][bookmark: _Toc52567628]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 38.211 [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 [xx].
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.
Next Modified Subclause
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.
Next Modified Subclause
[bookmark: _Toc12632815][bookmark: _Toc29305509][bookmark: _Toc37338424][bookmark: _Toc46489272][bookmark: _Toc52567630]Annex A (informative): Use of LPP with SUPL
The design goal of LPP is to enable it to be used in user plane location solutions such as OMA SUPL ([15], [16]) and this informative annex shows how LPP can be used in SUPL 2.0.
[bookmark: _Toc12632816][bookmark: _Toc29305510][bookmark: _Toc37338425][bookmark: _Toc46489273][bookmark: _Toc52567631]A.1	SUPL 2.0 Positioning Methods and Positioning Protocols
The following table shows how the 3GPP positioning protocols are supported in SUPL 2.0.
Table A.1-1: SUPL support of positioning methods
	Positioning Protocol:
	RRLP
(GSM/GPRS/WCDMA/
LTE/WLAN/WiMAX)
	RRC
(WCDMA)
	LPP
(NR/LTE)

	Positioning Method:
	
	
	

	A-GPS (A-GANSS) SET Assisted 
	
	
	

	A-GPS (A-GANSS) SET Based 
	
	
	

	Autonomous GPS/GANSS 
	
	
	

	Enhanced Cell ID NOTE 1
	
	
	 NOTE 2

	Enhanced Observed Time Difference (E-OTD) 
	 (GSM only)
	NA
	NA

	Observed Time Difference of Arrival (OTDOA) NOTE 1, NOTE 3
	NA
	
	

	Sensors
	NA
	 NOTE 5
	

	WLAN
	NA
	
	

	Bluetooth
	NA
	
	

	TBS NOTE 4
	NA
	
	

	NR DL-TDOA
	NA
	NA 
	

	NR DL-AoD
	NA
	NA
	

	NR E-CID (downlink)
	NA
	NA
	

	NR Multi-RTT
	NA
	NA
	

	NR UL-TDOA
	NA
	NA
	

	NR UL-AoA
	NA
	NA
	

	NOTE 1:	Excludes methods based on NR signals.
NOTE 2:	For LPP, NR CID is supported.
NOTE 3:	This includes TBS positioning based on PRS signals, which is only supported in LPP (LTE).
NOTE 4:	TBS positioning based on MBS signals.
NOTE 5:	Only barometric pressure sensor is supported.
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