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Introduction
In RAN3#106 meeting, there was an LS (R3-197794) [1] from RAN3 to RAN2, where RAN3 discussed how to get AoD (calculating by LMF or by RAN nodes) and preferred that the angle conversion should be done at LMF, shown as follows. 
	From architecture perspective; there are two options for the measurements reporting and AoD calculation: 
· Option 1: LMF calculates the AoD based on the UE measurements and RAN node assistance information. LMF then further calculates UE location based on the AoDs.
· Option 2: The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF, who then calculates the UE position.  
RAN3 has discussed and prefers to support option 1 for DL-AoD positioning method in the stage 2 specifications.



In this contribution, we provide our views on DL-AoD positioning procedure.
Discussion
The DL-AoD that achieves the commercial requirements in [2] actually needs multiple RSRP measurements under a fixed Rx beam across multiple Tx beams from the same TRP. So there exists a mapping between the received RSRPs based on DL PRS resources and the estimate of the AoD. In the LS from RAN3 [1], RAN3 concludes that they prefer that the angle conversion should be done at LMF.
2.1 Option 1
If we go with Option 1 (i.e., support angle conversion at LMF), LMF needs to collect the mapping information between the received RSRPs and AoD before initiating the DL-AoD positioning process. Accordingly, this mapping should be added in the message DL-AOD INFORMATION RESPONSE, which is an example referring to the existing OTDOA INFORMATION RESPONSE [3][4]. For example, what the message contains is as shown in Table 1 (a) or (b), which includes
For (a)
· A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA)
· Under each angle
· A list of PRS resource IDs 
· A list of radiation power (density) at the angle, each of which is associated with the PRS resource ID
Or for (b)
· A list of PRS resource IDs
· Under PRS resource ID
· A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA) 
· A list of radiation power (density) of the PRS resource, each of which is associated with the angle.
Table 1 RAN node assistance information for beam patterns
	(a)
		Angle
	PRS resource ID
	Normalized radiation pattern, where  is the radiation pattern of PRS resource ID#x_y from angle#x

	Angle#0
	ID#0_0
	Normalized to 1

	
	ID#0_1
	

	
	ID#0_2
	

	
	...
	...

	Angle#1
	ID#1_0
	Normalized to 1

	
	ID#1_1
	

	
	ID#1_2
	

	
	...
	...

	...
	...
	...




	
	

	(b)
		PRS resource ID
	Angle
	Radiation pattern, where  is the radiation pattern of PRS resource ID#y from angle#x

	ID#0
	Angle#0
	

	
	Angle#1
	

	
	Angle#2
	

	
	...
	

	ID#1
	Angle#0
	

	
	Angle#1
	

	
	Angle#2
	

	
	...
	...

	...
	...
	...






Between the two alternatives, (a) is sorted by angle, while (b) is sorted by resource, and both of them can serve the same functionality. Considering LMF is going to convert RSRP measurement to angle, we believe (a) is more direct and thus a better way. To achieve (a), we have the exemplary ANS.1 code to include related information in the Appendix.

Proposal 1: To support Option 1, extend NRPPa INFORMATION RESPONSE message to support a gNB to provide LMF with the assistance information, including
· A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA)
· Under each angle
· A list of PRS resource IDs 
· A list of radiation power (density) at the angle, each of which is associated with the PRS resource ID.
In our view, it has larger specification impact if we go with Option 1. The RAN node assistance information may be huge. For example, for Table 1 (a), to achieve 1 degree angle resolution for AoA and ZoA to meet the commercial requirement for Rel-16, at least 180x180 angles should be listed; for each angle, at least 8 resource IDs with the highest power density at the angle should be selected with at least 7 normalized radiation power, each of which should be quantized to 5 bits to represent the 0-31dB with 1dB granularity, and therefore for each TRP, the mapping would consume 180x180x7x5 = 1.1M bits. Similar consumption is expected for Table 1 (b).
Observation 1: The overhead of reporting beam pattern from NG-RAN to LMF is too high.
· [bookmark: _GoBack]Mbits for a TRP.

2.2 Option 2
If we go with Option 2 (i.e., support angle conversion at RAN nodes), LMF needs to send the measurements to each RAN node, based on which the RAN calculates the angle and along with the angle quality. Note that Option 2 DOES NOT make the RAN a calculation node; instead, it is similar to angle measurement based on SRS.
To achieve this, LMF may include the beam measurement results received from UE in the message MEASUREMENT REQUEST. For example, the contents of the message are as shown in Table 2. Instead of requesting the NG-RAN node to acquire timing or angle measurement from the SRS, LMF simply requests the NG-RAN node to acquire the angle measurement based on the provided RSRP measurements, with either absolute values or differential values.
Table 2 Information contained in the message MEASUREMENT REQUEST
	PRS resource ID
	Absolute RSRP
	Differential RSRP, where  is the RSRP of PRS resource ID#x

	ID#0
	
	NULL

	ID#1
	
	

	ID#2
	
	

	...
	
	...



In response, NG-RAN returns the angle measurements and their quality in the NRPPa message MEASUREMENT RESPONSE, similar to UL positioning methods.

Proposal 2a: To support Option 2, the message MEASUREMENT REQUEST should include
· DL-AoD angle resolution request to trigger NG-RAN to provide AOA/ZOA based on RSRP measurements
· {TRP ID, Cell ID} to identity the TRP
· PRS resource set ID for that TRP
· A list of PRS resource ID
· A list of differential RSRPs, each of which is associated with the PRS resource ID in the reported resource set.

Proposal 2b: The measurement of AOA/ZOA, and their quality contained in the message MEASUREMENT RESPONSE for UL-AoA positioning can be used to transfer the angle measurement for DL-AoD positioning.

Proposal 3: Send a reply LS to RAN3 and CC RAN1, 
1. Include the conclusions for both options;
1. Inform that from RAN2 perspective, Option 2 is preferred. And it is up to RAN3 to decide.
Conclusion
In this contribution, we discuss the issues related to angle resolution in DL-AoD. Based on the discussion, we find that the message size containing the mapping table in Option 1 is too large to be transferred in the NRPPa message between LMF and RAN, while Option 2 only requires LMF to include corresponding measurements in the message MEASUREMENT REQUEST. So we have the following observations and proposals:
Observations:
Observation 1: The overhead of reporting beam pattern from NG-RAN to LMF is too high.
· 1.1 Mbits for a TRP.

Proposals:
Proposal 1: To support Option 1, extend NRPPa INFORMATION RESPONSE message to support a gNB to provide LMF with the assistance information, including
· A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA)
· Under each angle
· A list of PRS resource IDs 
· A list of radiation power (density) at the angle, each of which is associated with the PRS resource ID.
Proposal 2a: To support Option 2, the message MEASUREMENT REQUEST should include
· DL-AoD angle resolution request to trigger NG-RAN to provide AOA/ZOA based on RSRP measurements
· {TRP ID, Cell ID} to identity the TRP
· PRS resource set ID for that TRP
· A list of PRS resource ID
· A list of differential RSRPs, each of which is associated with the PRS resource ID in the reported resource set.
Proposal 2b: The measurement of AOA/ZOA, and their quality contained in the message MEASUREMENT RESPONSE for UL-AoA positioning can be used to transfer the angle measurement for DL-AoD positioning.
Proposal 3: Send a reply LS to RAN3 and CC RAN1, 
1. Include the conclusions for both options;
1. Inform that from RAN2 perspective, Option 2 is preferred. And it is up to RAN3 to decide.
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Appendix
ASN.1 structure for DL-AoD assistance information (to be transcript to NRPPa specification).
-- ASN1START
-- TAG-DL-AOD-ASSISTANCEINFO-START

DL-AOD-AssistanceInfo ::= SEQUENCE{
	prs-AngleInfoList				SEQUENCE (SIZE (1..maxAngleInfo)) OF PRS-AngleInfo,
	angleCoordinateSystem			ENUMERATED {lcs, gcs},
	...
}

PRS-AngleInfo ::= SEQUENCE{
	aod								INTEGER (0..359),
	zod								INTEGER (0..180),		OPTIONAL,	-- Need S
	prs-ID-Primary					INTEGER (0..63),
	prs-InfoSecondaryList			SEQUENCE (SIZE (1..maxPRS-ID-Secondary)) OF 													PRS-InfoSecondary,		OPTIONAL,	-- Need R
	...
}

PRS-InfoSecondary ::= SEQUENCE{
	prs-ID-Secondary				INTEGER (0..63),
	prs-RadiatPowerDiff				INTEGER (0..31),
	...
}

-- TAG- DL-AOD-ASSISTANCEINFO-STOP
-- ASN1STOP

	DL-AOD-AssistanceInfo field descriptions

	angleCoordinateSystem
Indicates whether the aod and zod are defined in local coordinate system or global coordinate system.



	PRS-AngleInfo field descriptions

	aod
Azimuth angle of departure in degrees.

	zod
Zenith angle of departure in degrees. If this field is absent, it may be assumed as 90.

	prs-ID-Primary
Indicates the primary PRS resource that has the maximum radiation power at the direction provided by {aod, zod}

	prs-InfoSecondaryList
Indicates the information related to secondary PRS resources with smaller radiation power than the primary PRS resource.



	PRS-InfoSecondary field descriptions

	prs-ID-Secondary
The PRS resource ID associated with the secondary PRS resource.

	prs-RadiatPowerDiff
The radiation power difference at the direction provided by {aod, zod} between the primary PRS resource and the secondary PRS resource.
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