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Introduction
The RAN WG1 agreed to study the DL-AOD enhancements that enable a UE to measure and report information related to the first arrival path, including the PRS-RSRP, angle of departure, time of arrival, phase and amplitude of the channel impulse response corresponding to the first arrival path among the options.
The following agreement was captured in the chairman’s notes, [1]:
	· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
Note 1: Supporting multiple options as well as none of the options above is not precluded.


Another proposal that was discussed but was not agreed yet suggests studying the enhancements for the DL-AOD calculation. In one option, it was suggested to provide the gNB beam/antenna information to LMF in case of the UE-assisted network-based positioning or to UE in case of the UE-based positioning. In another option, the angle report from gNB to LMF was proposed. The antenna information reporting allows to reduce the overhead associated with the beam information reporting.
The following proposal was captured in the chairman’s notes, [1]:
	Regarding support of angle calculation enhancement for DL-AoD, study the following options:
· Alt.1: Angle calculation enhancement for DL-AoD is supported in Rel-17 for both UE-A and UE-B
· Alt.1-1 Providing the gNB beam/antenna information to the LMF (for UE-A) or to the UE (for UE-B).
· FFS the details of contents of the beam/antenna information. 
· FFS the details of how to report the beam/antenna information. 
· Alt.1-2: Angle report from gNB to LMF.
· Note: Alt.1-2 could be down prioritized to Alt.1-1 if Alt.1 is supported
· Note: Antenna information is related to reducing overhead of beam information
· Alt.2: Angle calculation enhancement for DL-AoD is not supported in Rel-17



In this contribution, we propose method, measurements, reporting and signaling to support accurate DL-AOD estimation for precise DL-AOD based positioning.
The enhancements for the UL-AOA positioning method are proposed in the companion contribution [2].
NR Positioning Design Enhancements for DL-AOD Solution
[bookmark: _Hlk53490318]Channel Estimation Method
In this section we propose the channel estimation method using the DL-PRS resource structure defined in Rel-16. 
Figure 1 shows an example of 2 × 2 rectangular antenna array and the associated coordinate system for the lth TRP, where x-axis points out a broadside antenna direction and y-axis and z-axis are aligned with the row and column dimensions of the array, respectively.


[bookmark: _Ref67482229]Figure 1: Example of 2 × 2 phased antenna array configuration and associated coordinate system for lth TRP

The estimated channel coefficient at the UE for the lth TRP and mth propagation path can be written in the form:
	
,
	[bookmark: _Ref59652412](1)


where hl,m is the channel coefficient, Al,m is the channel amplitude, φl,m,0 is the common channel phase, Φl,m is the Nz,l × Ny,l channel phase difference matrix, qz,l is the Nz,l × 1 and qy,l is the Ny,l × 1 transmit AWV, βl,m is the receive beamforming coefficient, and wl,m is the additive noise component. The parameters Nz,l and Ny,l denote the total number of rows and columns of the transmit antenna array, respectively. 
The qz,l and qy,l vectors applied over row and column dimensions, reduce matrix Φl,m to a scalar coefficient:
	
,
	(2)


where ql(nz, ny) denotes transmit weight for the (nz, ny)th antenna element. It is represented as a product of weights settled over two orthogonal dimensions in the array:
	
.
	(3)


The matrix element Φl,m(nz, ny) is defined using phase difference Δφl,m(nz, ny) for the (nz, ny)th element relative to the reference phase of the (0, 0)th antenna element as:
	
.
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where dz and dy are the antenna spacings taken over row and column dimensions, respectively, λ is the wavelength, φl,m is the azimuth and θl,m is the zenith angle of departure, introduced as shown in Figure 1.
To estimate the spatial channel structure, we extend beamforming vectors qz,l and qy,l to a matrix form and modify (1) as follows:
	
,
	(5)


where Hl,m is the Nz,l × Ny,l spatial channel matrix, Qz,l is the Nz,l × Nz,l and Qy,l is the Ny,l × Ny,l transmit antenna weight matrix and Wl,m is the Nz,l × Ny,l additive noise matrix term. Each element of the Nz,l × Ny,l matrix Yl,m is measured for the specific choice of transmit AWVs defined by the columns of matrices Qz,l and Qy,l. 
In the considered example of 2 × 2 antenna array shown in Figure 1, the matrices Qz,l and Qy,l can be selected using normalized Hadamard matrices:
	
.
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The advantage of using Hadamard matrices is twofold. First, it enables one-bit phase shifters implementation to set up the {±1} antenna weights. Second, its inverse matrix coincides with the original Hadamard matrix, i.e. Qz,l-1 = Qz,l and Qy,l-1 = Qy,l, which simplifies Hl,m computation. 
Figure 2 shows an example of DL-PRS resource structure used for matrix Yl,m measurement. In the considered example, it includes four successive DL-PRS resources, where each resource consists of two OFDM symbols. The gNB/TRP transmits each DL-PRS resource applying mutually orthogonal AWVs settled in analog domain by using the columns of matrices Qz,l and Qy,l (defined in (6)) and UE receives each DL-PRS resource using the same AWV. It allows to keep the receive beamforming coefficient βl,m as a constant value. 


[bookmark: _Ref67482815]Figure 2: Example of four DL-PRS resources used for spatial channel matrix estimation

Using Yl,m, the estimate for the spatial channel matrix Hl,m can be found by multiplication on inverse matrices (Qz,lH)-1 and Qy,l-1 as follows:
	
.
	(7)


The matrix Hl,mest is then used to estimate a phase difference Δφl,mest(nz, ny) for the (nz, ny)th element in the form:
	
.
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The obtained estimate of the phase difference (8) can be used for the DL-AOD estimation or it can be directly used in the positioning algorithm for UE coordinates estimation. 
Next section describes the algorithms for DL-AOD and UE coordinates estimation.

Algorithm for DL-AOD and UE Coordinates Estimation

Algorithm for DL-AOD Estimation
The algorithm for the DL-AOD estimation can be formulated using a Least Squares (LS) approach. The algorithm minimizes the total square phase error Jl,m(φl, θl) calculated between the channel phase difference observation and its estimate for the lth TRP and mth channel path with respect to the azimuth and zenith angles of departure (φl, θl):
	
.
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where Δφl,mest(nz, ny) is the channel phase difference estimate for the (nz, ny)th antenna element introduced in (8) and fl(φl, θl, nz, ny) is its estimate, which is a function of the azimuth and zenith angles of departure. 
Using (4) the function fl(φl, θl, nz, ny) can be represented in the form:
	
.
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Algorithm for UE Coordinates Estimation (Using Phase Measurements)
The algorithm for the direct UE coordinates estimation can be also formulated using a LS approach. The algorithm minimizes the total square phase error Jl,m(x, y, z) calculated between the channel phase difference observation and its estimate for the lth TRP and mth channel path with respect to the UE coordinates (x, y, z):
	
.
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where Δφl,mest(nz, ny) is the channel phase difference estimate for the (nz, ny)th antenna element introduced in (8) and fl(x, y, z, nz, ny) is its estimate, which is a function of UE coordinates. 
We introduce function fl(x, y, z, nz, ny) in the form:
	
.
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where (xl, yl, zl) denote the coordinates of the lth TRP. It can be found using simple geometry considerations shown in Figure 3.


[bookmark: _Ref67499428]Figure 3: Example of coordinates estimation using DL-AOD azimuth and zenith angle measurements

We assume that the mth channel path corresponds to the Line of Sight (LOS) link. Therefore, the cos(θl,m) and sin(θl,m) × sin(φl,m) can be related to the UE coordinates as follows:
	
.
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and 
	
.
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Substituting (13) and (14) into (4) gives us function fl(x, y, z, nz, ny) introduced in (12). 
Both functions, introduced in (10) and (11) are differentiable, therefore, solution for (9) and (11) can be found applying (for example) Newton iterative method. 
Next section describes the measurements and reporting required to support UE-based and network-based solutions, using DL-AOD algorithms considered above. 

Network and UE-based DL-AOD Solutions
Network-based DL-AOD positioning
For the Network-based DL-AOD positioning solution, we propose the following steps, measurements, and reporting as summarized in Table 1. Three basic scenarios are considered assuming that the gNB/TRP beam/antenna assistance information 
· Option 1: gNB/TRP beam/antenna information is shared with LMF 
· Option 2: gNB/TRP beam/antenna information is not shared 
· Option 3: gNB/TRP beam/antenna information is shared with UEs
Considering that beam/antenna system information may be a proprietary design option, the sharing of its characteristic may not be always possible or welcomed, therefore the option where DL-AOD calculated directly at gNB should be also supported (i.e. Option 2).

[bookmark: _Ref68017868]Table 1: Network-based DL-AOD solution – steps, measurements, and reporting
	Assumption on gNB/TRP beam/antenna assistance information sharing
	Procedure steps

	Option #1
Assistance information is shared with LMF
	1. UE receives DL-PRS resources, performs phase/amplitude measurements
2. UE reports phase/amplitude measurements to LMF
3. LMF computes the coordinates

	Option #2
Assistance information is not shared with UE/LMF
	1. UE receives DL-PRS resources, performs phase/amplitude measurements
2. UE reports phase/amplitude measurements to gNB
a. It can be reported directly from UE to gNB
b. Or it can be reported using LMF, i.e. first UE sends the report to LMF and then LMF sends the report to gNB
3. gNB estimates DL-AOD and reports it to LMF
4. LMF computes the coordinates

	Option #3
Assistance information is shared with UE
	1. UE receives DL-PRS resources, performs DL-AOD estimation
2. UE reports DL-AOD to LMF
3. LMF computes the coordinates


Analyzing potential implementation options for network-based positioning, we propose to support at least Option 1 and Option 2. Option 3 can be also enabled, if support of UE-based DL-AOD positioning is agreed by the group.

UE-based DL-AOD positioning
For the UE-based DL-AOD positioning solution, the following steps, measurements, and reporting as summarized in Table 2 can be used. Three basic scenarios are considered assuming that the gNB/TRP beam/antenna assistance information is available for UE only, is available for LMF only, and is not available for UE and LMF.

[bookmark: _Ref68017434]Table 2: UE-based DL-AOD solution – steps, measurements, and reporting
	Assumption on gNB/TRP beam/antenna assistance information sharing
	Procedure steps

	Option #4
Assistance information is shared with UE only
	1. UE receives DL-PRS resources, performs phase/amplitude and/or DL-AOD estimation
2. UE computes the coordinates

	Option #5
Assistance information is shared with LMF only
	1. UE receives DL-PRS resources, performs phase/amplitude measurements
2. UE reports phase/amplitude measurements to LMF
3. LMF estimates DL-AOD and reports it to UE
4. UE computes the coordinates

	Option #6
Assistance information is not shared with UE/LMF
	1. UE receives DL-PRS resources, performs phase/amplitude measurements
2. UE reports phase/amplitude measurements to gNB
a. It can be reported directly from UE to gNB
b. Or it can be reported using LMF, i.e. first UE sends the report to LMF and then LMF sends the report to gNB
3. gNB estimates DL-AOD and reports it to UE
a. It can be reported directly from gNB to UE
b. Or it can be reported using LMF, i.e. first gNB sends the report to LMF and then LMF sends the report to UE
4. UE computes the coordinates


Analyzing potential implementation options for UE-based positioning, it seems the simplest design option is Option 4. Other options can be also considered if sharing of beam/antenna information with UE is concerned.
Based of the above considerations we have the following proposals:


Support enhancement for the DL-AOD estimation in Rel-17 by utilizing the gNB/TRP beam/antenna information, including the following:
gNB/TRP beam information:
Phase value per antenna element / port
Amplitude value per antenna element (optionally)
gNB/TRP antenna array information:
Antenna array orientation in space with respect to the global coordinate system
Antenna pattern of the single antenna element (optionally)
For the uniform rectangular planar array, provide the total number of elements over horizontal and vertical dimension as well as the antenna spacing per dimension
In general case, provide the coordinates of the antenna array elements in the local coordinate system


· Support the network-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is shared with the LMF, including the following steps, measurements, and reporting (option #1 in Table 1):
· UE receives DL-PRS resources, performs phase/amplitude measurements for the first arrival path per DL PRS resource
· UE reports phase/amplitude measurements to LMF
· LMF computes the coordinates


· Support the network-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is not shared with the LMF/UE, including the following steps, measurements, and reporting (option #2 in Table 1):
· UE receives DL-PRS resources, performs phase/amplitude measurements for the first arrival path per DL PRS resource
· UE reports phase/amplitude measurements to gNB
· It can be reported directly from UE to gNB
· Or it can be reported using LMF, i.e. first UE sends the report to LMF and then LMF sends the report to gNB
· gNB estimates DL-AOD and reports it to LMF
· LMF computes the coordinates


· Support the UE-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is shared with the UE, including the following steps, measurements, and reporting (option #4 in Table 2):
· UE receives DL-PRS resources, performs phase/amplitude and/or DL-AOD estimation
· UE computes the coordinates


· Support the network-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is shared with the UE, including the following steps, measurements, and reporting (option #3 in Table 1):
· UE receives DL-PRS resources, performs DL-AOD estimation
· UE reports DL-AOD to LMF
· LMF computes the coordinates


Simulation Results
In this section, we provide performance analysis for the distance error in horizontal and vertical plane using the DL-AOD positioning method in application to the Indoor Factory Sparse High (InF-SH) and Indoor Factory Dense High (InF-DH) I-IoT scenarios. The performance results are provided for both FR1 and FR2 frequency bands. 
We compare the DL-AOD positioning method performance using the channel-based estimation and the RSRP codebook-based DL-AOD estimation. We consider the antenna array (for each TRP) consisting of a single panel with parameters (Ng = 1, Mg = 1, Np = 4, Mp = 4, P = 1).
FR1 Band

InF-SH Channel Scenario
Figure 6 shows performance comparison of DL-AOD positioning method using the channel-based estimation and the RSRP codebook-based DL-AOD estimation in InF-SH I-IoT scenario in FR1 frequency band. The red line corresponds to the location error in horizontal plane and green line represents location error in the vertical plane.
[image: ]
[bookmark: _Ref60311867]Figure 6: Performance comparison of DL-AOD method using channel-based and RSRP codebook-based DL-AOD estimation in InF-SH I-IoT scenario – FR1 band

As follows from Figure 6, the proposed DL-AOD channel-based estimation method significantly outperforms the DL-AOD RSRP codebook-based estimation. 

InF-DH Channel Scenario
Figure 7 shows performance comparison of DL-AOD positioning method using the channel-based estimation and the RSRP codebook-based DL-AOD estimation in InF-DH I-IoT scenario in FR1 frequency band.
[image: ]
[bookmark: _Ref61447664]Figure 7: Performance comparison of DL-AOD method with channel-based and RSRP codebook-based DL-AOD estimation in InF-DH I-IoT scenario – FR1 band

As follows from Figure 7, the proposed DL-AOD channel-based estimation method significantly outperforms the DL-AOD RSRP codebook-based estimation. 

FR2 Band

InF-SH Channel Scenario
Figure 8 shows performance comparison of DL-AOD positioning method using the channel-based estimation and the RSRP codebook-based DL-AOD estimation in InF-SH I-IoT scenario in FR2 frequency band.
[image: ]
[bookmark: _Ref61447934]Figure 8: Performance comparison of DL-AOD method with channel-based and RSRP codebook-based DL-AOD estimation in InF-SH I-IoT scenario – FR2 band

As follows from Figure 8, the proposed DL-AOD channel-based estimation method significantly outperforms the DL-AOD RSRP codebook-based estimation.

InF-DH Channel Scenario
Figure 9 shows performance comparison of DL-AOD positioning method using the channel-based estimation and the RSRP codebook-based DL-AOD estimation in InF-DH I-IoT scenario in FR2 frequency band.
[image: ]
[bookmark: _Ref61448007]Figure 9: Performance comparison of DL-AOD method with channel-based and RSRP codebook-based DL-AOD estimation in InF-DH I-IoT scenario – FR2 band

As follows from Figure 9, the proposed DL-AOD channel-based estimation method significantly outperforms the DL-AOD RSRP codebook-based estimation. 

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: 
Support enhancement for the DL-AOD estimation in Rel-17 by utilizing the gNB/TRP beam/antenna information, including the following:
gNB/TRP beam information:
Phase value per antenna element / port
Amplitude value per antenna element (optionally)
gNB/TRP antenna array information:
Antenna array orientation in space with respect to the global coordinate system
Antenna pattern of the single antenna element (optionally)
For the uniform rectangular planar array, provide the total number of elements over horizontal and vertical dimension as well as the antenna spacing per dimension
In general case, provide the coordinates of the antenna array elements in the local coordinate system
Proposal 2: 
· Support the network-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is shared with the LMF, including the following steps, measurements, and reporting (option #1 in Table 1):
· UE receives DL-PRS resources, performs phase/amplitude measurements for the first arrival path per DL PRS resource
· UE reports phase/amplitude measurements to LMF
· LMF computes the coordinates
Proposal 3: 
· Support the network-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is not shared with the LMF/UE, including the following steps, measurements, and reporting (option #2 in Table 1):
· UE receives DL-PRS resources, performs phase/amplitude measurements for the first arrival path per DL PRS resource
· UE reports phase/amplitude measurements to gNB
· It can be reported directly from UE to gNB
· Or it can be reported using LMF, i.e. first UE sends the report to LMF and then LMF sends the report to gNB
· gNB estimates DL-AOD and reports it to LMF
· LMF computes the coordinates
Proposal 4: 
· Support the UE-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is shared with the UE, including the following steps, measurements, and reporting (option #4 in Table 2):
· UE receives DL-PRS resources, performs phase/amplitude and/or DL-AOD estimation
· UE computes the coordinates
Proposal 5: 
· Support the network-based DL-AOD solution, where the gNB/TRP beam/antenna assistance information is shared with the UE, including the following steps, measurements, and reporting (option #3 in Table 1):
· UE receives DL-PRS resources, performs DL-AOD estimation
· UE reports DL-AOD to LMF
· LMF computes the coordinates
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