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Introduction
According to the WID of NR positioning in [1], NR positioning techniques DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID. In this contribution, we provide our consideration on downlink-only positioning method in NR, which including DL-TDOA and DL-AOD.
Discussion
0. DL-TDOA positioning procedure
In the DL-TDOA positioning technique, the UE position is estimated based on multiple RSTD values between neighbouring cells and reference cell, along with knowledge of the geographical coordinates of the measured TPs. Both in NR and in LTE, DL PRS is used for the RSTD measurement. Therefore, the DL-TDOA positioning procedure is similar to LTE and should include the following procedure.
· Assistance Data Delivery procedure between LMF and gNB. The purpose of this procedure is to enable the gNB to provide assistance data to the LMF, for subsequent delivery to the UE using Assistance data transfer procedure.
· Assistance data transfer procedure 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).
· Capability transfer procedure. The purpose of this procedure is to let the LMF obtain the capability information from the UE to the LMF. 
· 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.
Observation 1: OTDOA procedure in R15 is still applicable for DL-TDOA based positioning technique in NR.
DL-AoD positioning procedure
In the DL-AoD positioning technique, the UE position is estimated based on multiple angles of departure of DL PRS from gNBs to UE, along with knowledge of the geographical coordinates of the measured gNBs. Then, the gNB estimates the angle of departure by UE’s reporting RSRP values of its receiving DL PRS beams. To achieve DL-AoD positioning, the procedure in the following figure could be considered.


Step 0: The purpose of the capacity transfer procedure is to let the LMF obtain the capability information about DL-AoD based positioning technique.
Step 1: The purpose of assistance data delivery for DL-AoD is to allow LMF to request the gNB to transfer DL-AoD information (mainly including PRS configurations of gNBs) to the LMF.
Step 2: The purpose of assistance data delivery procedure is to provide assistance data (mainly including PRS configurations of gNBs, measurement accuracy requirement, etc.) to UE.
Step 3: The purpose of measurement request is to allow UE to request measurement gap for measuring DL PRS if the frequency or SCS of the PRS is different from the UE’s active DL BWP.
Step 4: By RSRP measurement, UEs obtain RSRP values of the received DL PRS(s) in each gNB provided in assistance data delivery.
Step 5: UE reports its RSRP measurement result to each gNBs by the RSRP measurement result reporting procedure
Step 6: The purpose of AoD calculation procedure is to obtain AoD values based on the receiving RSRP measurement results.
Step 7: LMF calculates UE’s location based on receiving multiple DL-AoD in step 6, along with knowledge of the geographical coordinates of the measured gNBs.
Except step 6, the remaining procedure is similar to OTDOA even though some information elements may be different in those procedure.  
Observation 2: DL-AoD based positioning technique also needs assistance data deliver procedure between gNB and LMF, assistance data transfer procedure between LMF and UE, capacity transfer procedure, and location information transfer procedure like OTDOA.
Downlink-only positioning procedure
Based on observation 1 and observation 2, DL only positioning method should include the following procedures to support both OTDOA and DL-AOD:
· capability transfer procedure between gNB nad LMF
· assistance data deliver procedure between gNB and LMF
· assistance data transfer procedure between LMF and UE
· location information transfer between LMF and UE
Those procedure could take the corresponding LTE procedures as baseline.
Proposal 1: Downlink positioning method should include (a) capability transfer procedure between gNB and LMF; (b) assistance data transfer procedure between LMF and UE; (c) assistance data delivery between gNB and LMF and (d) location information transfter for both DL-TDOA and DL-AoD.
According to the figure above, an angle calculation procedure should be included to obtain AoD values based on RSRP values. One alternative is that LMF calculate AoD values by itself with knowledge of antenna configuration of each gNB. However, this will lead to large processing overhead of LMF because the gNB antenna configuration may be very complex. Another possible alternative is to allow LMF transfer RSRP measurement results to corresponding gNBs and obtain AoD values from gNBs. The figure below illustrates this procedure.


1. The LMF sends an LPP AoD calculation request message to a gNB. This request includes RSRP measurement values and corresponding RS index of the gNB obtained from UE.
2. The gNB calculates the AoD based on those RSRP measurement values and its antenna configuration.
3. The gNB sends LPPa AoD calculation response message to LMF. This response message includes AoD calculated results. 
Proposal 2: Downlink positioning method should include AOD calculation procedure for DL-AOD.
Proposal 3: LMF transfer RSRP measurement results to gNBs and obtain AoD calculation results from those gNBs.
Conclusion
In this contribution, we considered our consideration on DL only positioning method in NR from RAN2 perspective, and we get the following observation and proposals:
Observation 1: OTDOA procedure in R15 still make sense for DL-TDOA based positioning technique in NR.
Observation 2: DL-AoD based positioning technique also needs assistance data deliver procedure between gNB and LMF, assistance data transfer procedure between LMF and UE, capacity transfer procedure, and location information transfer procedure like OTDOA.
Proposal 1: Downlink positioning method should include (a) capability transfer procedure between gNB and LMF; (b) assistance data transfer procedure between LMF and UE; (c) assistance data delivery between gNB and LMF and (d) location information transfter for both DL-TDOA and DL-AoD.
Proposal 2: Downlink positioning method should include AOD calculation procedure for DL-AOD. 
Proposal 3: LMF transfer RSRP measurement results to gNBs and obtain AoD calculation results from those gNBs.
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X.Y Downlink positioning method
[bookmark: _Toc517225958][bookmark: OLE_LINK29][bookmark: OLE_LINK30]X.Y.1	General
In the downlink positioning method, the UE position is estimated based on measurements taken at the UE of downlink PRS from multiple TPs (possibly including PRS-only TPs from a PRS-based TBS), along with knowledge of the geographical coordinates of the measured TPs and their difference of arrival for downlink PRS for DL-TDOA or downlink angle of departure for DL-AoD.
X.Y.2 Downlink positioning procedure
[bookmark: _Toc517225959]X.Y.2.1	Capability Transfer Procedure
The Capability Transfer procedure for downlink positioning is described in TS 36.305 sub-clause 7.1.2.1.
[bookmark: _Toc517225960]X.Y.2.2	Assistance Data Transfer Procedure
[bookmark: _Toc517225961]X.Y.2.2.1 	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) for both DL-TDOA and DL-AOD positioning method..
[bookmark: _Toc517225962]X.Y.2.2.1.1	LMF initiated Assistance Data Delivery
Figure X.Y.Z.2.1.1-1 shows the Assistance Data Delivery operations for the downlink positioning method when the procedure is initiated by the LMF.

Figure X.Y.Z.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. 
[bookmark: _Toc517225963]X.Y.2.2.1.2	UE initiated Assistance Data Transfer
Figure X.Y.Z.2.1.2-1 shows the Assistance Data Transfer operations for the downlink positioning method when the procedure is initiated by the UE.

Figure X.Y.Z.2.1.2-1: UE-initiated Assistance Data Transfer Procedure
(1)	The UE determines that certain downlink 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 downlink 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: _Toc517225964]X.Y.2.2.2	Assistance Data Delivery between LMF and gNB
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 sub-clause X.Y.Z.2.1 or for use in the calculation of positioning estimates at the LMF.
[bookmark: _Toc517225965]X.Y.2.2.2.1	LMF-initiated assistance data delivery to the LMF
Figure X.Y.Z.2.2.1-1 shows the Assistance Data Delivery operation from the gNB to the LMF for the downlink positioning method, in the case that the procedure is initiated by the LMF.


Figure X.Y.Z.2.2.1-1: LMF-initiated OTDOA Assistance Data Delivery Procedure


Figure X.Y.Z.2.2.1-2: LMF-initiated DL-AoD Assistance Data Delivery Procedure
(1)	The LMF determines that certain downlink 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 or NRPPa DL-AoD INFORMATION REQUEST message to the gNB. This request includes an indication of which specific OTDOA/DL-AoD assistance data are requested.
(2)	The gNB provides the requested assistance in an NRPPa OTDOA INFORMATION RESPONSE message and NRPPa DL-AoD INFORMATION RESPONSE message, if available at the gNB. If the gNB is not able to provide any information, it returns an OTDOA INFORMATION FAILURE message or DL-AoD INFORMATION FAILURE message indicating the cause of the failure.
[bookmark: _Toc517225966]X.Y.2.3	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 for both DL-TDOA and DL-AOD positioning methods.
[bookmark: _Toc517225967]X.Y.2.3.1	LMF-initiated Location Information Transfer Procedure
Figure X.Y.Z.3.1-1 shows the Location Information Transfer operations for the downlink positioning method when the procedure is initiated by the LMF.

Figure X.Y.Z.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 downlink measurements requested, including any needed measurement configuration information, and required response time.
(2)	The UE obtains downlink 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 downlink 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: _Toc517225968]X.Y.2.3.2	UE-initiated Location Information Delivery procedure
Figure X.Y.Z.3.2-1 shows the Location Information Delivery procedure operations for the downlink positioning method when the procedure is initiated by the UE.

Figure X.Y.Z.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 downlink measurements already available at the UE.
X.Y.2.4 	AoD calculation Procedure
The purpose of this procedure is to enable the LMF to obtain AoD of gNBs for DL-AoD positioning method. Figure X.Y.Z.4.1-1 shows the AoD calculation for the DL-AOD positioning method.


Figure X.Y.Z.4.1-1 AoD calculation procedure
1. The LMF sends an LPP AoD calculation request message to UE. This request includes RSRP measurement values and corresponding RS index obtained from the UE measurement.
2. The gNB calculates the AoD based on those RSRP measurement values and its antenna configuration.
3. The gNB sends LPPa AoD calculation response message to LMF. This response message includes calculated AoD results from Step 2. 
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