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1   Introduction
According to the WID of NR positioning [1], the positioning technique of DL- Angles Of Departure (DL-AoD) should be supported. This paper discusses the DL-AOD procedures.    
2   Discussion

In the DL-AoD positioning technique, the UE position is estimated based on multiple Angles of Departure (AoD) of DL PRS from gNBs to UE, along with knowledge of the geographical coordinates of the measured gNBs. Unlikly 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


Figure 1, DL-AOD 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 (Configurable NR DL PRS signal numerology) of the PRS is different from the UE’s active DL BWP (Bandwidth Part).

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 AoD information 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: UE reports RSRP measurements to LMF directly in step 5. Then, LMF sends an AoD information request message, in which the RSRP measurements are included, to the RAN nodes. The RAN nodes calculate the AOD with the RSRP information and send the AoD information to LMF, who then calculates the UE position in step 6. Figure 2 illustrates this procedure between step 5 and step 6. 
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Figure 2, procedures in option 2.
In option 2, the following information might be included in the message sent from LMF to NG-RAN to request AoD information:  
· PRS resource set ID,
· PRS resource IDs, 
· PRS-RSRPs associated with the PRS resource IDs. 
And the NG-RAN can then send the following information back to LMF: AoA/ZoA, and quality of AoA/ZoA. 
Option 1 has the minimal impact on the standardization, but it requires RAN nodes to report the mapping table (SCS, BWP, etc..) to LMF. The mapping table can be large, so the message size can be large. Option 2 can reduce the message size compared to option 1, but it needs additional message procedures, which may lead to higher latency. Option 1 and option 2 have its own benefits in terms of trade-off between complexity and the latency. Table 1 compares the benefits between option 1 and option 2. However, option 2 keeps gNB configuration transparent to LMF, which may be the key benefit. Also, the size of the configuration and associated mapping table to the measurement can be huge, which may cause problems for option 1. Thus, option 2 should be prioritized.
Table 1, Comparison between option 1 and option 2

	
	Opt. 1: AOD calculation at LMF
	Opt. 2: AOD calculation at NG-RAN

	Work load
	LMF
	NG-RAN

	Message size
	Large (Mapping table)
	Small

	gNB DoA configuration display
	Yes
	No

	Latency
	Low (Angle resolution locally using preconfigured table)
	High (NRPPa message per angle resolution)


Observation 2: Option 2 keeps gNB configuration transparent to LMF, while the message size containing the mapping table may be too large to be transferred in the NPPa messages in option1.
We have then a slight preference for option 2, thinning also that gNB processing should be performing today.
Proposal 1: Support option 2 for measurement reporting and AOD calculations in DL-AOD positioning method.
We also suggest to LS RAN2 considering the UE measurements report (LPP).

Proposal 2: Send a LS to RAN2 about the DL-AOD positioning procedure.

3   Conclusion
Based on the discussion in this paper, we propose:
Observation 1: DL-AOD has similar procedures to OTDOA except the UE measurement reporting and AOD calculations.

Observation 2: Option 2 keeps gNB implementation transparent to LMF, while the message size containing the mapping table may be too large to be transferred in the NPPa messages in option1.
Proposal 1: Support option 2 for measurement reporting and AOD calculations.
Proposal 2: Send a LS to RAN2 about the DL-AOD positioning procedure [2].
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