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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], which only includes the following RAN1-centric objective:
	[bookmark: _Hlk57059510][bookmark: _Hlk30969040]RAN1 centric objectives:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In this contribution, we will present our views on a few potential enhancements for DL-AoD positioning method. 
2. Enhancements for AoD reporting
We agreed to measure and report the RSRP of first path of DL PRS resource. One FFS issue if the definition of path PRS RSRP, which was discussed in last meeting and the following agreement on Options was made:
	Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.



In rel16, the DL PRS RSRP per resource is defined as the linear average over the power contributions of REs that carry DL PRS resource signal. For consistency, the path PRS RSRP shall be defined as the linear average over the power contributions of one particular path of REs that carry the DL PRS resource signal. Assume the channel impulse response is , the received DL PRS resource signal is what the transmitted DL PRS signal passes through the channel: . The DL PRS RSRP defined in rel16 is the total power in received signal . And the per path RSRP shall be defined as the total power of PRS resource signal that passes through one particular channel path corresponding to particular path delay, i.e., the per path RSRP shall be the power in the received signal:  with  corresponds to a time interval corresponding to one particular path. 
Both Option 1 and Option 2 defines the path PRS RSRP as the power corresponding to the signal received from one particular path with particular delay. The difference between Option 1 and Option 2 is how to derive one particular path. In our view, that shall be part of UE implementation. The power shall be the power of signals that are received within a short time duration around a path peak. However, that short time duration can not be specified in the spec or configured by the system. The length of the time duration depends on the channel condition, the channel bandwidth and also the UE implementation method. Therefore, it is feasible to leave it up to UE implementation.
Regarding the report of per path PRS RSRP of the first arrival path, we could have two different alternatives:
· Alt1: the UE reports the path PRS RSRP measure of the first arrival path. The reported value is the linear average over the power contribution of received PRS signal on that particular path of REs that carry the DL PRS resource signal.
· Alt2: the UE can report both the DL PRS RSRP o the PRS resource and the PRS RSRP of the first path. For the first path, the UE can report the differential RSRP with respect to the DL PRS RSRP of the PRS resource. 
The benefit of the Alt2 is that the LMF would receive more information about the RSRP of PRS resource.
[bookmark: _Hlk83764916]Proposal 1: For the RSRP reporting of the first path of PRS resource:
· The path PRS RSRP is defined as the linear average over the power contributions of the REs that carry the DL PRS reference signals that are received at a certain path delay.
· The UE reports the PRS RSRP of one PRS resource and the differential RSRP of the first path with respect to the PRS RSRP of that PRS resource.
In DL AoD measurement report, in addition to the RSRP of the first arrival path, the UE can also report the information of time of arrival of that path. The UE can measure and report the information of time of arrival of DL PRS resource that the UE reports RSRP. For each TRP, the UE measures a set of DL PRS resources and choose to report a few DL PRS resources with largest RSRP.  For those reported DL PRS resource of one TRP, the UE can indicate the relative time of arrival of them. For example, the UE reports the RSRP measurements of DL PRS resources of Tx beams of angle α and β. The UE also reports the relative time-of-arrival of DL PRS of Tx beams of angle α and β. That information would be helpful for the location server to refine the estimation of AoD.
[bookmark: _Hlk83764925]Proposal 2: In DL-AoD measurement report, the UE report the time-of-arrival of each reported PRS resource or each path.
As specified in rel16, the UE can report up to 8 PRS RSRP measurement for one TRP. For rel17, we agreed to extend the maximum number of reported RSRP to beyond 8:
	Agreement:
· For UE-A DL-AOD, support reporting more than 8 DL PRS RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 
· FFS: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index


Supporting more than 8 PRS RSRP per TRP shall be a UE capability and the UE can report the maximum number of DL PRS RSRP per TRP. Furthermore, one FFS is whether to limit maximum number of PRS RSRP associated with same Rx beam. It is up to UE implementation to determine the Rx beam for measuring each PRS resource and the UE would choose to report the ‘best’ DL PRS RSRP measurements. Determining the best Rx beam for each PRS resource also depends the channel condition. Thus, limiting the number of DL PRS RSRP associated with one same Rx beam index would unnecessarily introduce restriction on UE implementation. Therefore, we propose not to limit the maximum number of DL PRS RSRP associated with the same Rx beam index.
[bookmark: _Hlk83764933]Proposal 3: Reporting more than 8 DL PRS RSRP measurement per TRP is UE capability and the UE reports the maximum number of DL PRS RSRP measurements per TRP. The number of DL PRS RSRP associated with same Rx beam index in one beam report is up to UE implementation.   
Enhancement on RSRP report of Adjacent Beams
The issue of reporting RSRP of adjacent beam was further discussed in previous meeting and the following agreements were made.
	Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  

Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  



In release 16, the UE reports RSRP measurement of one or DL PRS resources. Generally, the UE would report the best RSRP measurement(s). In our view, reporting RSRP measurement of multiple adjacent Tx beams can improve the performance DL AoD estimation. An example in Figure 1 is used to illustrated that. A UE-A is aligned with the beam direction of Tx beam a and thus the UE-A would see largest RSRP measurement from the DL PRS resource carrying Tx beam a.  Tx beam b and Tx beam c are adjacent to Tx beam a and are carried by another two DL PRS resource. The RSRP measurement of Tx beam b and c would be helpful for determining angle of UE-A in Tx beam a. 


Figure 1: Reporting RSRP of DL PRS resources that are adjacent in spatial domain 
Simulation was conducted to evaluate the performance of reporting RSRP of adjacent Tx beams and the simulation results are shown in Figure 5. In the simulation, two methods are compared:
· Release 16 RSRP reporting: the UE reports the RSRP of PRS resource with the best RSRP.
· The new method of reporting RSRP of adjacent Tx beam: the UE reports the RSRP of PRS resource with the best RSRP and the UE also report the RSRP of PRS resources that carries Tx beams that are adjacent to the PRS resource with best RSRP. 
It can be observed that in addition to the RSRP of one PRS, reporting the RSRP of two Tx beams that are adjacent to the Tx beam of that PRS can improve the positioning performance obviously. The technical reason is that can improve the arrival angle estimate.
[image: ]
Figure 2: Evaluation results of reporting RSRP of DL PRS resources that are adjacent in spatial domain. 
To support reporting RSRP of adjacent Tx beams, the assistance data of PRS configuration shall indicate the information of which PRS resources carry adjacent Tx beams. In the measurement reporting, if a UE chooses to report RSRP of a PRS resource A, the UE shall also report the RSRP measurement of PRS resources that carry Tx beam adjacent to that of the PRS resource A. 
[bookmark: _Hlk83764942]Proposal 4: For UE-assisted DL-AoD positioning, support Option 1, i.e., LMF indicates adjacent beams in assistance data:
· In the assistance data of PRS configuration, the UE is provided with configuration information that indicates which PRS resources are associated with each other in spatial domain.
· In measurement report, if the UE reports RSRP of one PRS resource, the UE also reports the RSRP of PRS resources that are associated with that PRS resource.

Uncertainty window for DL-AoD
The issue of providing uncertainty window for DL-AoD method was discussed and pertinent agreement was made in previous meeting:
	Agreement:
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
FFS: Applicability of this agreement to other Positioning methods


The DL-AoA/ZoA is from the perspective of UE. The rotation of UE would change the DL-AoA/ZoA with respect to the UE receive antenna. Therefore, the LMF could not know the feasible value of DL-AoA/ZoA of one UE. 
The DL-AoD/ZoD is the signal transmission direction from the perspective of TRP. To enable the UE to utilize such information, the geographical location of the TRP shall be shared with the UE.  But in UE-assisted positioning method, the location of TRP is not provided to the UE.  In UE-based positioning, the boresight information of each PRS resource is provided to the UE, which can be used by the UE to assist processing DL PRS resource. Additional expected DL-AoD/ZoA does not provide benefit.
[bookmark: _Hlk83764947]Proposal 5: On uncertainty window for DL-AoD, support Option 3, i.e., do not introduce expected AoD/ZoD or AoA/ZoA and uncertainty
Beam Information of PRS Resource
The issue of TRP providing additional beam information of DL PRS for DL-AoD to the LMF was discussed in previous meetings and the following agreement was made to select one of those two options:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement



The first question is which option we shall choose. Option 2.1 can provide the full information of beam pattern for each individual PRS resource. The benefit of Option 2.1 is the signaling design does not need any dependency between different PRS resources. In contrast, Option 2.2 might introduce more overhead since for each angle, the TRP needs to indicate which PRS resource has the largest beam gain. Therefore, Option 2.1 is preferred.
[bookmark: _Hlk83764959]Proposal 6: Support to select Option 2.1 for providing beam/antenna information to the LMF by the gNB.
One thing missed in Option 2.1 is the information of peak beam gain of the Tx beam applied on each PRS resource. Without that, Option 2.1 seem to assume that all the Tx beams has the same peak beam gain, which is not the case in real field deployment. For example, one TRP can implement two sets of PRS resource: the PRS resource in the first set is applied with wide beam but with smaller peak beam gain whole the PRS resource in the second set is applied with narrow beam but with larger peak beam gain. Therefore, the information of peak beamforming gain of each Tx beam shall be reported to the LMF too. 
[bookmark: _Hlk83764993]Proposal 7: The gNB reports the peak beamforming gain of each PRS resource to the LMF:
· The gNB can indicate which PRS resource has the largest peak beamforming gain.
· The gNB reports the relative peak beamforming gain of other PRS resource with respect to the PRS resource with the largest peak beamforming gain.
For each PRS resource, the relative power per beam angle can be reported in the IE NR-PRS beam information:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR-PRS Beam Information
	
	[bookmark: _Hlk50063006]1 .. < maxPRS-ResourceSets >
	
	

	>PRS Resource Set ID
	M
	
	INTEGER (0..7)
	The resource set in which the resources are associated with the angle.

	>PRS Angle Item
	 
	[bookmark: _Hlk50063024]1..< maxPRS-ResourcesPerSet >
	 
	

	>>NR PRS Azimuth
	M
	
	INTEGER (0..359)
	

	>>NR PRS Azimuth fine
	O
	
	INTEGER (0..9)
	Fine angles

	>>NR PRS Elevation
	O
	
	INTEGER (0..180)
	

	>>NR PRS Elevation fine
	O
	
	INTEGER (0..9)
	Fine angles

	LCS to GCS Translation
	
	0 .. <maxnolcs-gcs-translation>
	
	If absent, the azimuth and elevation are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..359)
	

	>Alpha-fine
	O
	
	INTEGER (0..9)
	Fine angles

	>Beta
	M
	
	INTEGER (0..359)
	

	>Beta-fine
	O
	
	INTEGER (0..9)
	Fine angles

	>Gamma
	M
	
	INTEGER (0..359)
	

	>Gamma-fine
	O
	
	INTEGER (0..9)
	Fine angles



In the IE NR PRS beam information, the gNB can report a differential beamforming gain for each angle offset from the PRS resource boresight direction. The angle is represented by a relative Azimuth angle and relative elevation angle with reference to the boresight direction. The gNB shall report the peak beamforming gain of each PRS resource. For example, the gNB reports 0 if the PRS resource has the largest peak beamforming gain and report the differential peak beamforming gain if the PRS resource does not have the largest peak beamforming gain.
[bookmark: _Hlk83765002]Proposal 8: The TRP reports the relative beamforming gain per angle for each PRS resource in IE NR PRS beam information.
Proposal 9: The TRP reports the information of peak beamforming gain for each PRS resource.
Regarding the relative beamforming gain per angle for each PRS resource, a multi-level quantization is preferred. For the angle with beamforming gain close to the peak gain, a smaller granularity is desired to provide more refined information.  While for the angle with beamforming gain much smaller than the peak gain, a large step size is desired for smaller overhead.
[bookmark: _Hlk83765020]Proposal 10: Multi-level quantization is supported for relative beamforming gain reporting:
· For example, 1dB step size is used for relative power gain from 0 to -10dB and 3dB step size is used for relative power gain < -10dB.
3. Beam Refinement on PRS Transmission 
The issue beam refinement for PRS was discussed in last meeting and the following agreement was made:
	Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets


The association between two PRS resource has been supported in release 16 through the QCL configuration of one PRS resource. For each particular PRS resource, the QCL-TypeD for one DL PRS resource can be a SSB or another DL PRS. With such information, the UE can derive the proper receive beam. Furthermore, one motivation for introducing additional association between PRS resources is to assume the UE can first measure some “wide” beam and then only measure the “narrow” beams within a ‘good’ wide beam. Such an assumption might not be valid in practical deployment.  In real-field system, the UE is only able to measure and report the PRS resource(s) with highest RSRP. Thus, a wide-beam PRS with best RSRP might not be related with a narrow beam PRS with highest RSRP. Thus, such an association information does not help the UE measurement and reporting.  
Furthermore, the release 16 supports providing beam direction information for DL PRS resources:
	NR-DL-PRS-BeamInfoPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16						INTEGER (0..255),
	nr-PhysCellID-r16					NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16					NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16						ARFCN-ValueNR-r15		OPTIONAL,	-- Cond NotSameAsRefServ
	associated-DL-PRS-ID-r16			INTEGER (0..255)		OPTIONAL,
	lcs-GCS-TranslationParameter-r16	LCS-GCS-TranslationParameter-r16	
																OPTIONAL,	-- Need OP
	dl-PRS-BeamInfoSet-r16				DL-PRS-BeamInfoSet-r16	OPTIONAL,
	...
}

DL-PRS-BeamInfoSet-r16 ::= SEQUENCE (SIZE(1..nrMaxSetsPerTrp-r16)) OF
																DL-PRS-BeamInfoResourceSet-r16

DL-PRS-BeamInfoResourceSet-r16 ::= SEQUENCE (SIZE(1..nrMaxResourcesPerSet-r16)) OF
																DL-PRS-BeamInfoElement-r16

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {
	dl-PRS-Azimuth-r16				INTEGER (0..359),
	dl-PRS-Azimuth-fine-r16			INTEGER (0..9)					OPTIONAL,	-- Need ON
	dl-PRS-Elevation-r16			INTEGER (0..180)				OPTIONAL,	-- Need ON
	dl-PRS-Elevation-fine-r16		INTEGER (0..9)					OPTIONAL,	-- Need ON
	...
}


The Azimuth and Elevation angle of each PRS resource can be provided to the UE through the assistance information. With such information, the UE build the association between beams applied to the PRS resources transmitted from the same TRP. In release 16, the DL PRS beam information is provided to UE only for UE-based positioning. To assist the UE measuring DL PRS for DL AoD, such DL PRS beam information can be provided to the UE for UE-assisted positioning too.
Therefore, we propose to not introduce additional enhancement to indicate association between PRS resources but support providing the DL PRS beam information to the UE for UE-assisted positioning, including the DL-AoD methods.
[bookmark: _Hlk78917827]Proposal 11: For beam refinement on DL PRS:
· Support to provide DL PRS beam information (NR-DL-PRS-BeamInfo) to the UE for UE-assisted methods.
· Do not introduce additional association between PRS resources for beam operation.
4. Conclusion
In this contribution, we presented our views on enhancements for DL-AoD positioning. Based on the discussion, the following observation and proposals are provided:
Proposal 1: For the RSRP reporting of the first path of PRS resource:
· The path PRS RSRP is defined as the linear average over the power contributions of the REs that carry the DL PRS reference signals that are received at a certain path delay.
· The UE reports the PRS RSRP of one PRS resource and the differential RSRP of the first path with respect to the PRS RSRP of that PRS resource.
Proposal 2: In DL-AoD measurement report, the UE report the time-of-arrival of each reported PRS resource or each path.
Proposal 3: Reporting more than 8 DL PRS RSRP measurement per TRP is UE capability and the UE reports the maximum number of DL PRS RSRP measurements per TRP. The number of DL PRS RSRP associated with same Rx beam index in one beam report is up to UE implementation.   
Proposal 4: For UE-assisted DL-AoD positioning, support Option 1, i.e., LMF indicates adjacent beams in assistance data:
· In the assistance data of PRS configuration, the UE is provided with configuration information that indicates which PRS resources are associated with each other in spatial domain.
· In measurement report, if the UE reports RSRP of one PRS resource, the UE also reports the RSRP of PRS resources that are associated with that PRS resource.
Proposal 5: On uncertainty window for DL-AoD, support Option 3, i.e., do not introduce expected AoD/ZoD or AoA/ZoA and uncertainty
Proposal 6: Support to select Option 2.1 for providing beam/antenna information to the LMF by the gNB.
Proposal 7: The gNB reports the peak beamforming gain of each PRS resource to the LMF:
· The gNB can indicate which PRS resource has the largest peak beamforming gain.
· The gNB reports the relative peak beamforming gain of other PRS resource with respect to the PRS resource with the largest peak beamforming gain.
Proposal 8: The TRP reports the relative beamforming gain per angle for each PRS resource in IE NR PRS beam information.
Proposal 9: The TRP reports the information of peak beamforming gain for each PRS resource.
Proposal 10: Multi-level quantization is supported for relative beamforming gain reporting:
· For example, 1dB step size is used for relative power gain from 0 to -10dB and 3dB step size is used for relative power gain < -10dB.
Proposal 11: For beam refinement on DL PRS:
· Support to provide DL PRS beam information (NR-DL-PRS-BeamInfo) to the UE for UE- assisted methods.
· Do not introduce additional association between PRS resources for beam operation.
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