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Introduction
In RAN1#104-e meeting, the following agreements were achieved for DL-AoD enhancement [1] [2]: 

Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be reported for a given PRS resource. 
· FFS: value for N.

Agreement:
· 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.
· 

Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
· Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17

In this contribution, we focus on the measurement enhancement of DL-AoD, reporting of first arriving path, adjacent beam reporting, angle error calibration and Rx beam reporting to improve the accuracy for DL-AoD positioning solutions.
Measurement enhancement of DL-AoD 
At LMF side, the RSRPs measured from the DL PRSs of a TRP with the same Rx beam by a UE are normally used to calculate the DL-AoD from the TRP to the UE. For a UE with multiple Rx beams, if the RSRP measurements from the DL PRSs of a TRP using different RX beams are all reported, multiple DL-AoD values, each corresponds to a RX beam, could be obtained for the TRP. Then, LMF would calculate multiple candidate DL-AoDs, which provides the opportunity of correcting the estimation error of UE location. In other words, for each DL PRS resource, multiple RSRP measurements associate with different RX beams should be reported. 

In Rel-16, for each TRP, the maximum number of Rx beams is 8 and the maximum number of RSRP measurements on different PRS resources is also limited to 8. With this limitation, for a UE with 8 Rx beams, only one RSRP can be reported for each PRS resource for a TRP, if RSRPs correspond to all the Rx beams are reported. In addition, according to the spec, only those RSRPs from different PRS resources measured by the same Rx beam are associated with a Rx beam index in the measurement report. So, no Rx beam index would be reported in this case. As a result, LMF could not choose those RSRPs associated with the same beam for DL-AoD calculation. In order to solve the problem, we propose to increase the maximum number N of RSRP measurements (denoted by N in the previous agreement) allowed for each TRP to be larger than 8. Whether to support N>8 could be subject to the UE capability. From our point of view, at least N=16 should be supported for reporting RSRP measurements corresponding to two Rx beams.  Supportive of other values for N should further consider the increased reporting overhead.

Proposal 1: For UE-assisted DL-AoD, the maximum number of RSRP measurements per TRP should be increased from 8 to [16]. Whether to support reporting more than 8 RSRP measurements per TRP can be subject to UE capability. 

Reporting of first arriving path
In the current NR Rel-16 spec, there is no information about the LOS/NLOS property of the measurements reported by UE for supporting DL-AoD positioning. For certain IIoT scenarios, the NLOS probability can be very high (e.g. about 60% for InF-DH). It is difficult for LMF to discriminate those RSRP measurements corresponding to the LOS path from those corresponding to other paths. Therefore, during AoD estimation, the angle accuracy could not be guaranteed. Ideally, measurements of the pure LOS paths should be reported to avoid the impact of NLOS paths. According to the agreement of the last meeting, information related to the first arriving path could be reported. Although the first path is not necessary to be the LOS path, AoD estimation based on the measurements of the first path would be improved due to decreasing the NLOS impact. 

In our opinion, the measurement of the received power (PRS-RSRP) of the first arriving path is in general more stable than other measurements of the first arriving path, such as signal amplitude and phase, since RSRP is a time-accumulation quantity instead of an instantaneous quantity. Due to resolution limitation, there are cases that the first path is partial overlapped with the other paths. How to identify the first path and calculate the received power of the first path needs further discussion and maybe RAN4 needs be involved in. Further, the ratio of the receiving power of the first arriving path to the total PRS-PRSP with Rel-16 definition reflects the LOS path possibility of a PRS resource. With these two kinds of measurements reported, LMF could use the information for improving the accuracy for UE positioning calculation. 

Proposal 2: UE could be configured to report the PRS-RSRP of the first arriving path in addition to the PRS RSRP already supported in Rel-16 (Option 1). 
Adjacent beam reporting
The motivation of reporting measurements of adjacent PRS resources is to improve the accuracy of AoD estimation at LMF. Considering the beam pattern (including the main lobe and the side lobe) of a PRS resource, there would be some overlap between PRS resources with adjacent Tx beams. By providing the RSRP measurements of those PRS resources with Tx beams next to that of the PRS resource with the largest RSRP, finer AoD would be calculated using certain interpolation methods. 

In Rel-16, a UE could be configured up to 64 DL PRS resources per resource set, and be configured up to 2 resource sets per TRP. However, at most 8 RSRP measurements are allowed to be reported for each TRP. To guarantee UE reporting RSRP measurements of adjacent beams, LMF has to configure at most 8 adjacent DL PRS resources per TRP, to allow UE to report RSRP measurements of all these PRS resources. However, configuring such fewer DL PRS resources with proper beam directions depends on the knowledge of the coarse position of UE. In this way, enhancement of Rel-16 UE-assisted DL-AoD is necessary if UE is enabled to report adjacent PRS resources. According to the above discussion, enhancing the assistance data to identify adjacent beams (Option 2) is preferred. As each gNB has its own adjacent beam information, this information could be sent to LMF and then configured in the DL assistance data. The beam information could be an ordered PRS resource ID list, or azimuth angle and elevation angle of each PRS resource. On the other hand, gNB would be required to transmit PRS in the beam direction order. Namely, PRS resources with adjacent beam directions are labelled by adjacent resource IDs. Based on the ID values, UE could determine the adjacent beams. Another alternative is to allow UE to identify the adjacent beams by itself. If UE is capable of estimating AOA of DL PRS, it would determine which PRS resources are adjacent to each other according to the AOA values. Therefore, a UE capability of AOA estimation would be introduced. From our perspective, all these alternatives could be considered in Rel-17.

Proposal 3: Whether to enable a UE to measure/report a PRS resource with additional, adjacent PRS resources can be further discussed.

Calibration of gNB angle error 
In RAN1#104e, the following agreement was made:
	Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI



In the following, we further discuss the method that uses a reference UE with known locations to assist calibration of TRP Tx beam directions in order to enhance DL-AoD estimation accuracy, which was initially discussed in [3]. This method consists of two stages of calibration:
· Static calibration: Static calibration is can be seen as an initial calibration, where the reference UE, which is placed at multiple test points with known locations,  measures and reports the received beam power at the test points. The reference UE reports the measurement of the beam power and location coordinates of the test points to LMF. By comparing the transmitting beam characteristics given by the TRP, and the information from the reference UE, the direction of TRP beam can be calibrated.
· Dynamic calibration: After initial calibration, the TX beam direction may be drifted due to the changes of the environment, temperature, etc. For dynamic calibration of the antenna array, we may need to use a UE located at a single test point to track the drift of TX beam direction of one or more beams of the neighbouring TRPs.

Observation 1: The calibration of DL-AoD by the use of the reference UE may include two stages:
· Static calibration: calibrate static inherent measurement error due to mechanical installation error of TRP antenna array and non-ideal factors of TRP antenna array and RF channels
· Dynamic calibration: calibrate dynamic drift measurement error due to the changes of the environment, temperature, etc.

Proposal 4: For DL-AOD calibration, Rel-17 should support the signalling and procedure for the network to select UEs, whose locations are known, as to reference UEs. The reference UE should report DL positioning measurements together with the associated position coordinates to LMF.

The following discussion provides some more details of the static calibration and dynamic calibration approaches, with the parameters of transmitting RF channels for supporting the calibration.

(1) Static calibration
1. 
We construct a testing scenario as shown in Figure 1. N test pointsare uniformly deployed. A reference UE is placed at these test points in turn, and receives TX beam.

                     
Figure 1: Test points for static calibration
2. gNB reports the position coordinates of TRP antenna array to LMF,
3. gNB reports the transmission characteristics of TRP beam to LMF, including:
· The structure and parameters of the antenna array, such as antenna element distribution, element shape and size, element space, etc.
· Parameters of TX RF channels, such as time delay of different RF channels.
· Analog beamforming vector.
· Digital beamforming vector, such as codebook used for precoding.
4. Based on the information reported by gNB, LMF establishes the theoretical power spatial distribution characteristics of each TX beam of TRP in different spatial angles.
5.  A reference UE measures the received power values at different test points and reports them to gNB. At the same time, the position coordinate information of the reference UE test point corresponding to each received power is reported to gNB.
6. Referring to the coordinate of each reference UE test point position reported by UE to LMF, combined with the coordinate of TRP antenna reported by gNB, LMF calculates the angle of connection between each reference UE and TRP antenna, that is, the angle of TX beam. Combined with the power measurement values of each receiving position reported by the reference UE, the LMF obtains the corresponding relationship between each power measurement value and TX beam angle, that is, the actual power spatial distribution characteristics of the current TX beam.
7. By comparing the actual power spatial distribution characteristics of the current beam with the theoretical power spatial distribution characteristics of the current beam, LMF can obtain the angle deviation of the current beam and use it as the static angle calibration value of the current TX beam. According to the calibration value, the LMF obtains the accurate angle information of each beam sent by TRP. As shown in Figure 2, the solid line beam represents the theoretical beam distribution characteristics in the horizontal direction, and the dotted line beam represents the actual beam distribution characteristics. There is an angle deviation of α between them, which is used as the static angle calibration value of the current TX beam.
8. A specified position is selected from the static calibration phase reference UE test point location which is set as the placement position of the reference UE in the dynamic calibration phase. 



Figure 2: Static calibration

(2) Dynamic calibration
1. In the process of target UE positioning, the reference UE will report the received power measurement value of TX beam at the specified position to LMF. LMF can obtain the actual power spatial distribution characteristics of the current TX beam, and compare it with the actual power spatial distribution characteristics of the position in the static calibration stage. LMF can obtain the dynamic angle deviation of the TRP TX beam, which is used as the dynamic angle calibration value of the current TX beam. 
2. According to the obtained static angle calibration value and dynamic angle calibration value, LMF calibrates the TX beam direction.

Proposal 5: NR Rel-17 should support a gNB to report the transmission characteristics of a TRP beam to LMF, including:
· The structure and parameters of the transmitting antenna array, such as antenna element distribution, element shape and size, element spacing, etc.
· Parameters of transmitting RF channels, such as time delay of different RF channels.
· Analog beamforming vector.
· Digital beamforming vector, such as codebook used for precoding.

Rx Beam reporting enhancements
When a UE measures the RSRP for supporting the DL-AoD estimation, it is desirable that the UE is stationary. Otherwise, when the measured RSRPs are used to estimate the DL-AoD, the DL-AoD may not be estimated correctly. Thus, when LMF uses the measured RSRP to estimate DL-AoD, it is important for LMF to obtain the information of whether the orientation of UE or direction of Rx beam changes.
There may be different approaches to obtain the information. Here we propose a method to solve this problem. Our suggestion is that a UE should monitor whether its own orientation or direction of Rx beam changes by monitoring the DL AOA from the DL PRS. That is, when a UE measures the RSRP of DL PRS, it also measures the DL AoA of the DL PRS in UE LCS. From the DL AoA measurements, UE can judge whether its own orientation or direction of Rx beam is changed or not. Then, UE can report the change information to LMF to improve DL-AoD estimation performance.

Proposal 6: For improving DL-AoD estimation accuracy, Rel-17 should support a UE to determine whether its orientation or direction of Rx beam has changed in LCS during measuring the RSRPs and to report the information to LMF together with the RSRP measurements.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss DL-AoD positioning enhancements, and give the following observation and proposals:
Observation 1: The calibration of DL-AoD by the use of the reference UE may include two stages:
· Static calibration: calibrate static inherent measurement error due to mechanical installation error of TRP antenna array and non-ideal factors of TRP antenna array and RF channels
· Dynamic calibration: calibrate dynamic drift measurement error due to the changes of the environment, temperature, etc.
 
Proposal 1: For UE-assisted DL-AoD, the maximum number of RSRP measurements per TRP should be increased from 8 to [16]. Whether to support reporting more than 8 RSRP measurements per TRP can be subject to UE capability. 

Proposal 2: UE could be configured to report the PRS-RSRP of the first arriving path in addition to the PRS RSRP already supported in Rel-16 (Option 1). 

Proposal 3: Whether to enable a UE to measure/report a PRS resource with additional, adjacent PRS resources can be further discussed.

Proposal 4: For DL-AOD calibration, Rel-17 should support the signalling and procedure for the network to select UEs, whose locations are known, as to reference UEs. The reference UE should report DL positioning measurements together with the associated position coordinates to LMF.

Proposal 5: NR Rel-17 should support a gNB to report the transmission characteristics of a TRP beam to LMF, including:
· The structure and parameters of the transmitting antenna array, such as antenna element distribution, element shape and size, element spacing, etc.
· Parameters of transmitting RF channels, such as time delay of different RF channels.
· Analog beamforming vector.
· Digital beamforming vector, such as codebook used for precoding.

Proposal 6: For improving DL-AoD estimation accuracy, Rel-17 should support a UE to determine whether its orientation or direction of Rx beam has changed in LCS during measuring the RSRPs and to report the information to LMF together with the RSRP measurements.
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