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Introduction
The RAN WG1 agreed to support the DL-AOD enhancements that enable a gNB to share beam/antenna information with the LMF for UE-assisted positioning method and with the UE for UE-based positioning method.
The following agreement was captured in the chairman’s notes, [1]:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· FFS: representation of the mapping (e.g. parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP) intersection point)
· Other options are not precluded
· In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD



The reporting of the DL PRS-RSRP of the first path was discussed at the previous meeting and the following agreement was captured in the chairman’s notes, [1]:
	Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
•	FFS: Details of measurement and reporting of PRS RSRP of the first path



In this contribution, we provide further details for each of the agreements above, including beam/antenna information signaling from gNB to LMF and UE, the definition of DL PRS-RSRP of the first path, and propose introduction of the phase measurement report for the first path of the channel impulse response.
The enhancements for the UL-AOA positioning method are proposed in the companion contribution [2].
Accuracy Improvements for DL-AOD Positioning Solutions
[bookmark: _Hlk53490318]Beam/Antenna Information Reporting
The beam/antenna optional information signaling from gNB to LMF (for UE-assisted) and from LMF to the UE (for UE-based) was discussed at the previous meeting to facilitate accurate DL-AOD measurements. The following agreement has been captured in the chairman’s notes, [1]:

	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gNB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· FFS: representation of the mapping (e.g., parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP) intersection point)
· Other options are not precluded
· In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD



Two options have been considered during the meeting.
In the first option the antenna configuration is reported as the total number of elements per horizontal and vertical dimensions of the phased antenna array as well as the antenna distance spacing over the horizontal and vertical dimensions.
The beam (or antenna pattern) information is encoded in the boresight beam direction of the DL PRS Resource transmission. It is assumed that the antenna pattern information can be reconstructed by the LMF using the DFT-based type of the precoder. In addition, the antenna element pattern information may be reported if it is different from the omni directional antenna pattern. 
The second option is more straightforward and defines reporting of the antenna pattern for each of the PRS resources in the form of the parametric function approximating the beam response or gain/angle table among the possible choices. 
In this contribution, we provide further details on the reporting format of option 1 including the panel antenna array which is typically used at the TRP side. 
In general, the configuration of the multi-element antenna array with the rectangular panel structure can be defined using the tuple of (Ng, Mg, Np, Mp, P, dg,H, dg,V, dH, dV) parameters. Figure 1 shows an example of the cross-polarized panel antenna array and the associated local coordinate system. 



[bookmark: _Ref59617577]Figure 1: Example of cross-polarized panel antenna array and associated local coordinate system

Thus, the multi-panel antenna array is configured as a grid of antenna panels oriented in 2D space with the following parameters:

· Ng – is the total number of antenna panels in row dimension
· Mg – is the total number of antenna panels in column dimension
· dg,H – is the distance defining the spacing between the antenna panels in horizontal dimension
· dg,V – is the distance defining the spacing between the antenna panels in vertical dimension

where each antenna panel is configured with following set of parameters:

· Np – is the total number of antenna elements in row dimension
· Mp – is the total number of antennal elements in column dimension
· dH – is the distance defining the spacing between the antenna elements in horizontal dimension
· dV – is the distance defining the spacing between the antenna elements in horizontal dimension
· P – is the polarization type, can be 0 for a single polarization and 1 for cross-polarized antenna elements

Note, that if P = 1, then the (Ng, Mg, Np, Mp, dg,H, dg,V, dH, dV) parameters can be provided for both horizontal and vertical polarization dimension. 
In addition to that, the antenna element pattern parameters can be provided in the format of the gain/angle table. An example of the antenna gain as a function of the azimuth and zenith angles is provided in Table 1.
The antenna gain function can be defined for the angular resolution of 1 degree or a finer granularity equal to 0.1 degrees. 

[bookmark: _Ref78213252]Table 1: Antenna gain as a function of azimuth and zenith angles
	
	Azimuth angle 1
	Azimuth angle 2
	…

	Zenith angle 1
	Gain (Az1, Ze1)
	Gain (Az2, Ze1)
	…

	Zenith angle 2
	Gain (Az1, Ze2)
	Gain (Az2, Ze2)
	…

	…
	…
	…
	…



In assumption of the DFT-based precoding, the already reported boresight directions for the DL PRS resources transmission and the LCS-to-GCS translation function in combination with the TRP antenna parameters are sufficient to reconstruct the antenna radiation pattern. 
The spatial direction of the DL PRS Resources can be reported by gNB to LMF using the NR-PRS Beam Information IE shown in Table 2, [3].

[bookmark: _Ref78221940]Table 2: NR-PRS Beam Information IE
	>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
	
	1 .. <maxnolcs-gcs-translation>
	
	Only the single value, 1, shall be used in this version of the specifications

	>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



The NR-DL-PRS-BeamInfo IE can be used by the LMF to provide spatial direction information of the DL PRS Resources to UE (for UE-based DL-AOD) shown in Table 3, [4].

[bookmark: _Ref78222357]Table 3: NR-DL-PRS-BeamInfo IE
	




The mathematical model representing the antenna radiation pattern as a two-dimensional function of the azimuth and zenith angles can be written in the form:
	
,
	[bookmark: _Ref78529228](1)


where φ is the azimuth and θ is the zenith angle of the boresight DL PRS transmission direction, dz and dy are the antenna spacings taken over row and column dimensions, respectively, λ is the wavelength, Nz and Ny are the total number of elements over row and column dimensions, and A(φ, θ) is the gain function of the single antenna array element (defined in Table 1). 
The total number of elements Nz and Ny can be found as a product of the number of panels and the number of elements per panel as follows:
	
.
	(2)


The dz and dy may be computed using (dg,H, dH) and (dg,V, dV) parameters defined above. 

In case of the DFT-based precoding, the azimuth angle φ and zenith angle θ can be related to the DFT beam index as follows:
	
,
	[bookmark: _Ref78529222](3)


where indexes (ky, kz) define the DFT beam index. Substituting (3) into (1) gives us:
	
.
	(1)


To support the DFT-based precoding, in addition to the boresight directions reporting for the DL PRS transmission, we suggest introduction of additional signaling indicating the precoding type. 

Based on the provided considerations, we have the following proposals:


· The beam/antenna information can be optionally reported by the gNB to LMF including the following parameters:
· The total number of antenna panels for horizontal and vertical dimensions – Ng and Mg
· The distance spacing between the antenna panels in horizontal and vertical dimensions – dg,H and dg,V 
· The total number of antenna elements within the antenna panel for horizontal and vertical dimensions – Np and Mp 
· The distance spacing between the antenna elements within the antenna panel for horizontal and vertical dimensions – dH and dV 
· The signaling that the angular DL PRS boresight spatial directions correspond to the DFT-based pre-coded beams:
· The LMF may request the gNB for DL PRS Resource transmission using DFT pre-coded beams with the specific spatial directions defined by the set of the azimuth and zenith angles (φn, θn)
· Antenna element pattern information defined in the gain/angle table as shown in Table I, where antenna gain is represented as a function of the azimuth and zenith angles
· The granularity of the azimuth and zenith angles report can be set up equal to 1 [deg] or 0.1 [deg] 
· The gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AOD:
· A UE may request the LMF for DL PRS Resource transmission using DFT pre-coded beams with the specific spatial directions defined by the set of the azimuth and zenith angles (φn, θn)

First Path RSRP Reporting
The reporting of the DL PRS-RSRP of the first path was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:

	Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
•	FFS: Details of measurement and reporting of PRS RSRP of the first path



In the standard, DL PRS Reference Signal Receive Power (DL PRS-RSRP) is defined as a liner average over the power contributions (in [W]) of the reference resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.
In this contribution we propose introduction of the DL PRS-RSRP of the first path in [dBm] defined as follows:
	
,
	[bookmark: _Ref67673725](5)


where P0 is the power of the first path and P is the total receive power corresponding to the measured DL PRS-RSRP value. 
The ratio P0/P is distributed in the range from 0 to 1, which corresponds to the RSRPFP in the range from -∞ to 0. The RSRPFP = -∞ if the power of the first path is equal to zero and the RSRPFP = 0 if the P0 = P and the total power is allocated in the first path with the power for the rest of the delayed paths equal to zero. 
In practice the (-∞, 0] infinite range can be restricted to the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power. The granularity (or step size) of the measured RSRPFP parameter can be set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements.
In addition to the DL-AOD positioning method, we propose to define the RSRP of the first path reporting for the DL-TDOA, UL-TDOA, UL-AOA, and Multi-RTT positioning methods.

Based on the provided considerations, we have the following proposals:


· For both UE-based and UE-assisted DL-AOD and DL-TDOA positioning methods, the UE can be requested to measure and report to LMF (for UE-assisted) the DL PRS-RSRP of the first path defined as follows:
· RSRPFP = 10 × lg(P0/P) in [dBm], P0 is the power of the first path, P is the total receive power corresponding to the measured DL PRS-RSRP value within the considered measurement frequency bandwidth
· If receiver diversity is used by the UE, then the reported DL PRS-RSRP of the first path should not be lower than the corresponding DL PRS-RSRP of the first path of any of individual receiver branches
· The RSRPFP parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power
· The granularity (or step size) of the measured RSRPFP parameter is set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements 
· FFS: X in [dBm], Y in [dBm] (up to RAN4 discussion)


· For UL-AOA and UL-TDOA positioning methods, the gNB can be requested to measure and report the UL SRS-RSRP of the first path to LMF


· For Multi-RTT positioning method:
· the UE can be requested to measure and report the DL PRS-RSRP of the first path to LMF
· the gNB can be requested to measure and report the UL SRS-RSRP of the first path to LMF

First Path Phase Reporting
In addition to the DL PRS-RSRP of the first path, we propose to support reporting of the phase for the first path to enhance the performance of the DL-AOD positioning method. 
To justify the performance of the phase-based method, we compare its performance to the reference Rel-16 RSRP-based DL-AOD positioning method with no antenna information reported and the modified RSRP-based method with antenna information reporting. Additionally, two variants of the phase-based DL-AOD positioning method are compared including the data processing using the RANSAC algorithm and LOS/NLOS classification. 
Figure 2 (a) and (b) show CDFs for the horizontal and vertical positioning errors obtained with the InF-DH scenario. 
In the provided simulation results, each of the TRPs transmit the positioning reference signal (DL-PRS) at the carrier frequency of 3.5 GHz, the total bandwidth of 100 MHz, and the total power of 24 dBm. 
The UE is equipped with a single antenna with vertical polarization and omni directional radiation pattern. Each of the TRPs uses a 4 × 8 uniform half-lambda spaced antenna array (dz = dy = λ/2) with a vertical polarization and omni directional antenna pattern. 
	[image: ]
	[image: ]

	(a) Horizontal error, m
	(b) Vertical error, m


[bookmark: _Ref78273418]Figure 2: CDF curves for horizontal and vertical positioning errors in InF-DH scenario

The Rel-16 RSRP-based DL-AOD positioning algorithm (Rel-16 RSRP-based, no ant. info.) performs RSRP-based measurements for 32 beams in the horizontal and 10 beams in the vertical dimension. As follows from the presented results, it exhibits poor performance and cannot achieve a submeter level positioning accuracy. It can be explained by the insufficient estimation accuracy caused by the limited spatial resolution, proportional to the beam width of the radiation antenna pattern.
Usage of the antenna radiation pattern for correct weighting of the channel measurements obtained for each of the transmit beams (RSRP-based, with ant. info.) enables further performance improvement, but still does not achieve a submeter level accuracy.
Application of the phase-based algorithm with RANSAC processing (Phase-based, with RANSAC) allows for substantial performance improvement compared to the RSRP-based methods.
The phase-based algorithm with LOS/NLOS classification introduces further performance improvement and allows to achieve the submeter level positioning accuracy. In case of the horizontal positioning, it achieves the positioning error of 0.2 m for the 78 % of users and 0.5 m for the 90 % of users. In case of the vertical positioning, it achieves the positioning error of 0.2 m for more than 90 % of users.

Based on the presented results the following observations can be made:


· Introduction of the antenna pattern information reporting enables substantial performance improvement of the reference Rel-16 RSRP-based DL-AOD positioning algorithm, but still does not achieve a submeter level accuracy 


· Application of the phase-based algorithm with RANSAC processing allows for substantial performance improvement compared to the RSRP-based methods


· The phase-based algorithm with LOS/NLOS classification introduces further performance improvement and allows to achieve the submeter level positioning accuracy

Based on the provided observations, we have the following proposal:


· For UE-assisted DL-AOD positioning method, the UE can be requested to measure and report to LMF the phase of the first path


Conclusions
In this contribution, we have provided method, measurements, reporting and signaling to support accurate DL-AOD estimation. In summary, we have following list of proposals:

Proposal 1: 
· The beam/antenna information can be optionally reported by the gNB to LMF including the following parameters:
· The total number of antenna panels for horizontal and vertical dimensions – Ng and Mg
· The distance spacing between the antenna panels in horizontal and vertical dimensions – dg,H and dg,V 
· The total number of antenna elements within the antenna panel for horizontal and vertical dimensions – Np and Mp 
· The distance spacing between the antenna elements within the antenna panel for horizontal and vertical dimensions – dH and dV 
· The signaling that the angular DL PRS boresight spatial directions correspond to the DFT-based pre-coded beams:
· The LMF may request the gNB for DL PRS Resource transmission using DFT pre-coded beams with the specific spatial directions defined by the set of the azimuth and zenith angles (φn, θn)
· Antenna element pattern information defined in the gain/angle table as shown in Table I, where antenna gain is represented as a function of the azimuth and zenith angles
· The granularity of the azimuth and zenith angles report can be set up equal to 1 [deg] or 0.1 [deg] 
· The gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AOD:
· A UE may request the LMF for DL PRS Resource transmission using DFT pre-coded beams with the specific spatial directions defined by the set of the azimuth and zenith angles (φn, θn)

Proposal 2: 
· For both UE-based and UE-assisted DL-AOD and DL-TDOA positioning methods, the UE can be requested to measure and report to LMF (for UE-assisted) the DL PRS-RSRP of the first path defined as follows:
· RSRPFP = 10 × lg(P0/P) in [dBm], P0 is the power of the first path, P is the total receive power corresponding to the measured DL PRS-RSRP value
· If receiver diversity is used by the UE, then the reported DL PRS-RSRP of the first path should not be lower than the corresponding DL PRS-RSRP of the first path of any of individual receiver branches
· The RSRPFP parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power
· The granularity (or step size) of the measured RSRPFP parameter is set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements 
· FFS: X in [dBm], Y in [dBm] (up to RAN4 discussion)

Proposal 3: 
· For UL-AOA and UL-TDOA positioning methods, the gNB can be requested to measure and report the UL SRS-RSRP of the first path to LMF

Proposal 4: 
· For Multi-RTT positioning method:
· the UE can be requested to measure and report the DL PRS-RSRP of the first path to LMF
· the gNB can be requested to measure and report the UL SRS-RSRP of the first path to LMF

Proposal 5: 
· For UE-assisted DL-AOD positioning method, the UE can be requested to measure and report to LMF the phase of the first path
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