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1   Introduction
According to the agreed TR during the study phase, the following agreements regarding Downlink positioning solutions have been made [1]:

· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
This paper discusses the downlink positioning technique including DL-TDOA and DL-AOD.   
2   Discussion

2.1   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.
These procedures are the same as the OTDOA procedures defined in R15 and thus DL-TDOA in R16 can reuse the R15 OTDOA procedures.
Proposal 1: OTDOA procedure in R15 can be reused for DL-TDOA based positioning technique in NR.

2.2   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. Unlike DL-TDOA, in which the UE location can be derived from the UE measurements, the measurements in DL-AoD should be combined with the gNB DL information in order to derive AOD and further calculate the UE location at LMF.  To achieve DL-AoD positioning, the procedure in the following figure could be considered.
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1. NRPPa: Assistance data delivery for DL-AoD 

positioning(mainly includes PRS configuration)

2. LPP: assistance data delivery

3.RRC: Measurement Request

4.RSRP 

measurement

5. Location information transfer procedure(RSRP Reporting and AOD calculation/reporting)

6. Position estimation

0. LPP: Capacity transfer procedure


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: UEs obtain RSRP measurements for the DL PRS(s) from each gNB indicated in assistance data delivery.

Step 5: The procedures of UE reports its RSRP measurement results and the AoD calculation/reporting based on the RSRP measurements and RAN information 

Step 6: LMF calculates UE’s location based on multiple DL-AoD in step 5, along with knowledge of the geographical coordinates of the measured gNBs.

Except step 5, the remaining procedures are similar to OTDOA even though some information elements may be different in those procedure.  

Observation 1: DL-AOD has similar procedures to OTDOA except the UE measurement reporting and AOD calculations.

For step 5, the calculation of AOD for each RAN node requires the RSRP measurements from UE and the RAN node information, for example, the mapping table between RSRP and AOD, or fingerprints of RSRP and AOD. There are three main options for the AOD calculations: 

Option 1: RAN node reports the mapping table or fingerprints in the assistant information to LMF in step 1. UE reports RSRP measurements to LMF directly in step 5. LMF can calculate the AOD based on the UE measurements and further calculate UE location in step 6.


Option 2: In step 5, UE reports RSPR measurements to its serving RAN node, the serving RAN node then distribute the corresponding measurements to the neighbor RAN node. Each RAN node calculates its AOD based on the RSRP measurements and report the AOD to the LMF. LMF can then drive UE location in step 6. It notable that LMF needs to previously indicate the neighbor RAN node ID to the serving RAN node, such as in step 1. 
Option 3: RAN node reports the mapping table or fingerprints in the assistant information to LMF in step 2. LMF send these information to UE in step 2. In step 5, UE firstly determines the AOD for multiple RAN nodes based on the mapping table or fingerprints information and report the AOD information to LMF directly. 
Option 1 has the minimal impact on the standardization. Option 2 requires the information coordination between RAN nodes, which need Xn procedures to support. Option 3 need the information transfer over NAS and the fingerprints information can be large. Thus, option 1 might be the best choice.
Observation 2: There are three main solutions to the issue of measurement reporting and AOD calculations, and option 1 might be the best.
Proposal 2: The DL-AOD can reuse the OTDOA procedures except the UE measurement reporting procedure. RAN 3 to evaluate and recommend the best choices.
For both DL-TDOA and DL-AOA, the step 1 is to allow LMF to request the DL information from gNB. For disaggregated gNB, the PRS configuration information is mainly determined at gNB-DU. gNB-CU would require the DL information from gNB-DU and report to LMF. Thus, a DL positioning information exchange procedure is required over F1AP to support the DL positioning. 

Proposal 3: A DL positioning information exchange procedure is required over F1AP to support the DL positioning.
3   Conclusion
Based on the discussion in this paper, we propose:
Proposal 1: OTDOA procedure in R15 can be reused for DL-TDOA based positioning technique in NR.

Observation 1: DL-AOD has similar procedures to OTDOA except the UE measurement reporting and AOD calculations.

Observation 2: There are three main solutions to the issue of measurement reporting and AOD calculations, and option 1 might be the best.

Proposal 2: The DL-AOD can reuse the OTDOA procedures except the UE measurement reporting procedure. RAN 3 to evaluate and recommend the best choices.
Proposal 3: A DL positioning information request and response procedure is required over F1AP to support the DL positioning.
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