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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
How to resolve angle is a crucial step to enable DL-AoD, which has been studied in [1] and agreed to be specified for Rel-16 NR positioning [2]. Different from UL-AoA, where each gNB estimates the angle based on SRS, DL-AoD further exploits the advantage of DL coverage, yet with a slightly sophisticated mechanism to find the angle of the UE. In this contribution, we are going to elaborate how DL-AoD should be specified in RAN2 and RAN3.
Meanwhile, when it comes to beam related procedures, not particular to DL-AoD, it requires RAN2 and RAN3 to work on information transfer within NG-RAN, and between NG-RAN and 5GC to facilitate beam configuration at RAN. So in this contribution, we also are going to discuss the potential procedures to support beam related procedures in RAN.

Angle resolution for DL-AoD
One important feature of DL-AoD is that the angle measurement may not be directly derived at LMF. UE measurement on RSRP of e.g. DL-PRS should firstly be reported to LMF, similar to RSTD reporting in DL-TDOA positioning, and LMF initiates the angle resolution procedure to get the angle of the UE, which is/are further used to locate the UE.
Two alternatives are listed for angle resolution
· Alt.1: RSRP-angle conversion at NG-RAN
· Alt.2: RSRP-angle conversion at LMF
Alt.1
To support RSRP-angle conversion at NG-RAN, LMF needs to send the RSRP measurements to each NG-RAN node, based on which the NG-RAN calculates the angle and returns it to LMF, as illustrated in Figure 1. For example, the message contains as shown in Table 1
· A list of PRS resource IDs 
· A list of differential PRS-RSRPs associated with the list of PRS resource IDs received by the same Rx beam (if applicable) on a Rx branch of the UE

LMF
NG-RAN
DAOD MEASUREMENT REQUEST
 (RSRP)
DAOD MEASUREMENT RESPONSE
 (Angle)
UE
LPP procedure
UE position calc.

[bookmark: _Ref19001332]Figure 1 Angle resolution procedure for Alt.1
[bookmark: _Ref19001200]Table 1 Information contained in the DAOD MEASUREMENT REQUEST
	PRS resource ID
	RSRP

	ID#0
	(Highest RSRP optionally)

	ID#1
	Differential RSRP of ID#1 to ID#0

	ID#2
	Differential RSRP of ID#2 to ID#0

	...
	...



For Alt.1, the antenna configuration of NG-RAN is transparent to LMF. Each NG-RAN node maintains its own mapping algorithm from RSRP to angle. Therefore, extra delay introduced by the round-trip time for RSRP-angle conversion is inevitable.
Alt.2
To support RSRP-angle conversion at LMF, LMF needs to collect the mapping information between RSRP to angle before initiating DL-AoD positioning with UE. Since the existing procedure of the assistance data transfer between LMF and NG-RAN includes the following information in the message OTDOA INFORMATION RESPONSE in [3][4], as also illustrated in Figure 2.
	The following assistance data may be transferred from the ng-eNB to the LMF:
-	PCI, GCI, and TP IDs of the TPs served by the ng-eNB;
-	Timing information of TPs served by the ng-eNB;
-	PRS configuration of the TPs served by the ng-eNB;
-	Geographical coordinates of the TPs served by the ng-eNB.
An ng-eNB may provide assistance data relating only to itself and served TPs via NRPPa signalling, although assistance data from several ng-eNBs and served TPs may be acquired through other mechanisms, see NOTE below.



New information can be added for example in the message DL INFORMATION RESPONSE, which is the extension of OTDOA INFORMATION RESPONSE. The information contains RSRP-angle mapping table that LMF can use to determine the angle once RSRP reporting is received from a UE. For example, the message contains as shown in Table 2
· A list of angles (AoA or ZoA or a combination of AoA and ZoA)
· Under each angle
· A list of PRS resource IDs 
· A list of RSRPs associated with the list of PRS resource IDs
Note that the RSRP may not be the real RSRP since it is a preconfigured table derived by measuring the radiation pattern under each beam for a given direction, and for the sake of consistency with UE reporting, we use RSRP.
LMF
NG-RAN
DL INFORMATION REQUEST
DL INFORMATION RESPONSE
(RSRP-Angle Mapping)
UE
LPP procedure
UE position calc.

[bookmark: _Ref19001400]Figure 2 Angle resolution procedure for Alt.2

[bookmark: _Ref19001834]Table 2 RSRP-Angle Mapping table contained in DL INFORMATION RESPONSE
	Angle
	PRS resource ID
	RSRP (NOTE: It can be the radiation pattern)

	Angle#0
	ID#0_0
	RSRP for ID#0_0

	
	ID#0_1
	RSRP for ID#0_1

	
	ID#0_2
	RSRP for ID#0_2

	
	...
	...

	Angle#1
	ID#1_0
	RSRP for ID#1_0

	
	ID#1_1
	RSRP for ID#1_1

	
	ID#1_2
	RSRP for ID#1_2

	
	...
	...

	...
	...
	...



Summary
We think that either of the two alternatives have its own benefits in terms of trade-off between complexity and latency. However, Alt.1 keeps gNB implementation transparent to LMF, while the message size containing the mapping table in Alt.2 is too large to be transferred in the NRPPa message between LMF and NG-RAN. A comprehensive comparison between Alt. 1 and Alt. 2 is given by Table 3.
[bookmark: _Ref19002280]Table 3 Comparison between 2 alternatives for DL-AoD
	
	Alt. 1 RSRP-angle conversion at NG-RAN
	Alt.2: RSRP-angle conversion at LMF

	Work load
	NG-RAN
	LMF

	Message size
	Small
	Large (Mapping table)

	NG-RAN exposure
	No
	Yes

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



Therefore, we think that Alt.1 should be considered for DL-AoD. Meanwhile, Alt. 2 can be considered only to provide the beamforming direction associated with each PRS resource shown in Table 4 as a reduced form of Table 2, which can be further used by LMF as
· A coarse angle estimate of the UE;
· PRS resource selection when providing assistance data to the UE, i.e., non-beam-sweeping PRS reception to reduce UE receiving complexity, which would be also discussed in section 3.1.
[bookmark: _Ref19002224]Table 4 Beam direction table
	Angle
	PRS resource ID

	Angle#0
	ID#0

	Angle#1
	ID#1

	...
	...




Proposal 1: Support for angle resolution in DL-AoD
· RSRP-angle conversion at NG-RAN.
Proposal 2: Support gNB to provide the beamforming direction associated with each DL-PRS resource in the assistance data transfer from gNB to LMF.

Beam configuration related aspects
The supporting procedure related to beam configuration includes the following four aspects:
· PRS Tx beam configuration
· PRS Rx beam configuration
· SRS Tx beam configuration
· SRS Rx beam configuration
The main motivation in the section is not mainly on UE perspective that is discussed in our companion contribution [5], but is on how network make the decision on providing the respective configuration to the UE or neighbouring gNB.
PRS Tx beam configuration 
The PRS Tx beam configuration means that LMF selects a subset of PRS resources from all PRS resources from a TRP and only provide those selected resources in the assistance data to the UE as shown in Figure 3. As such, UE does not have to receive all the PRS resources from a TRP; thus reducing the UE Rx complexity.
The information helping LMF to make such a selection can be based on
· Option 1. Previous PRS related measurements from the UE in the same or a different LPP session.
· Option 2. A coarse UE location estimate and the beam direction provided by each gNB.
· Option 3. E-CID reporting on RRM measurements from either UE or the serving gNB of the UE and QCL information between PRS and RRM-RS (e.g., SSB).
Option 1 has no specification impact and can be managed by the LMF. 
Option 2 requires beam direction reporting for each PRS by each gNB, and the specification impact is small. Considering that we already have beam reporting from UE to facilitate a location fix along with RSTD/UE Rx – Tx time difference reporting, which implies that the beam direction should be available at the LMF to make that work, the beam direction should be provided by the gNB in advance anyway.	Comment by Keyvan Zarifi: This sentence is quite convoluted and difficult to understand.  Can you chop it off to two or three sentences? Usually, when a sentence is too long, it is prone to go awry. 
Also, what do you mean by “beam reporting by the UE”? When UE reports the beam? Do you mean the RSRP reports on each PRS resource that are used to calculate angles? If so, please explain. 	Comment by huangsu: Beam reporting is simply re-used from POS03. It is not the RSRP reporting, instead it is the PRS ID reporting associated with RSTD/Rx – Tx time difference.
Option 3 requires QCL-D information reporting for each PRS by each gNB, and the specification impact is also small. Considering that we already have PRS configuration with its QCL source RS by the LMF, which implies that QCL-D information should be available at the LMF to make that work, the QCL-D information reporting for each PRS should be provided by the gNB in advance anyway. 

LMF
NG-RAN
DL INFORMATION REQUEST
DL INFORMATION RESPONSE
UE
LPP-ProvideAssistanceData
(Select a subset of PRS resources for PRS Tx beam configuration, or configure the QCL source of PRS resource for PRS Rx beam configuration)

[bookmark: _Ref19094044]Figure 3 Signaling procedures for PRS Tx/Rx beam configuration
Therefore, we think that procedures between gNBs and LMF to enable all three options should be supported, including
· Each gNB should provide beam direction information for each PRS resource to the LMF.
· Each gNB should provide QCL source for each PRS resource to the LMF, which can be at least SSB.
Observation 1: LMF can select a subset of PRS resources for UE to receive based on the following three options.
· Option 1. Previous PRS related measurements from the UE in the same or a different LPP session.
· Option 2. A coarse UE location estimate and the beam direction provided by each gNB.
· Option 3. E-CID reporting on RRM measurements from either UE or the serving gNB of the UE and QCL information between PRS and RRM-RS (e.g., SSB).

PRS Rx beam configuration
The PRS Rx beam indication to the UE is supported by configuring a QCL source RS of a PRS resource to the UE, which requires each gNB to provide QCL source for each PRS resource to the LMF when providing the assistance data to the LMF in the message DL INFORMATION RESPONSE shown in Figure 3.
Observation 2: gNB can provide QCL information along with each PRS resource configuration in the assistance data to the LMF.

SRS Tx beam configuration
A similar procedure to PRS Tx beam indication can be considered. Since SRS Tx beam indication is configured by the serving gNB, when LMF requests SRS configuration from the serving gNB, it can also provide the spatial relation info RS of the neighboring gNBs. For example, LMF can provide the spatial relation information RS for SRS in the UL INFORMATION REQUEST message to the serving gNB shown in Figure 4 based on the decisions at the LMF made from the three options in section 3.1.
Note that spatial relation information RS for some SRS resources may be determined or updated by the serving gNB based on the prior UE reports on SSB and/or CSI-RS of neighboring gNBs that were configured for RRM measurements in MeasObjectNR. In such a case, LMF can provide a list of cells optionally along with the spatial relation information RSs for SRS resources of each cell in the UL INFORMATION REQUEST message. Serving gNB may add to or change the suggested spatial relation info RSs of each cell based on the UE RRM measurements. LMF is notified of the finalized spatial relation information RSs when receiving SRS configuration from the serving gNB. 
[bookmark: _GoBack]Observation 3: LMF can provide or suggest spatial relation information RS for SRS in the request message for SRS configuration to the serving gNB.
LMF
NG-RAN
UL INFORMATION REQUEST
UE
RRC procedure
UL INFORMATION RESPONSE
UL MEASUREMENT REQUEST
UL MEASUREMENT RESPONSE

[bookmark: _Ref19094422]Figure 4 Information transfer between LMF and NG-RAN for SRS Tx and Rx beam configuration

SRS Rx beam configuration
If serving gNB returns the SRS configuration along with the spatial relation information RS associated with each SRS resources, LMF can associate different SRS resources with different gNBs, since each SRS resource is supposedly transmitted toward a specific target TRP that transmits the spatial relation information RS, as shown in Figure 5.
The selection can be based on the spatial relation information RS configured with each SRS resource, and meanwhile, the spatial relation information RS can also be used to indicate the Rx beam for each respective neighbouring gNBs.
LMF
Serving gNB
Neigh. gNB1
Neigh. gNB2
SRS configuration associated with neighbouring gNB 1 
SRS configuration associated with neighbouring gNB 2
UL INFORMATION RESPONSE
UL MEASUREMENT REQUEST

[bookmark: _Ref19096636]Figure 5 Selected SRS forwarding
Observation 4: LMF can select a subset of SRS resources for each cell to receive SRS based on the spatial relation information RS.
Observation 5: The spatial relation information RS in the SRS resource configuration can also be used for the Rx beamforming of a cell.

Summary
Based on the discussion on beam configuration related aspects, we have the following proposal.
Proposal 3: Support gNB to provide the QCL information associated with each DL-PRS resource in the assistance data transfer from gNB to LMF.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discuss the issues related to angle resolution in DL-AoD and beam configuration aspects. Based on the discussion, we have the following observations and proposals:
Observation 1: LMF can select a subset of PRS resources for UE to receive based on the following three options.
· Option 1. Previous PRS related measurements from the UE in the same or a different LPP session.
· Option 2. A coarse UE location estimate and the beam direction provided by each gNB.
· Option 3. E-CID reporting on RRM measurements from either UE or the serving gNB of the UE and QCL information between PRS and RRM-RS (e.g., SSB).
Observation 2: gNB can provide QCL information along with each PRS resource configuration in the assistance data to the LMF.
Observation 3: LMF can provide or suggest spatial relation information RS for SRS in the request message for SRS configuration to the serving gNB.
Observation 4: LMF can select a subset of SRS resources for each cell to receive SRS based on the spatial relation information RS.
Observation 5: The spatial relation information RS in the SRS resource configuration can also be used for the Rx beamforming of a cell.
Proposal 1: Support for angle resolution in DL-AoD
· RSRP-angle conversion at NG-RAN.
Proposal 2: Support gNB to provide the beamforming direction associated with each DL-PRS resource in the assistance data transfer from gNB to LMF.
Proposal 3: Support gNB to provide the QCL information associated with each DL-PRS resource in the assistance data transfer from gNB to LMF.
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