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Introduction
In this contribution, we further discuss the issues related to improving the accuracy for DL-AoD positioning solutions,  focusing on the reporting of RSRP measurements per TRP, the adjacent beam reporting, the expected uncertainty window, the two-stage PRS beam sweeping and gNB beam information signaling. 
Reporting of RSRP measurements per TRP 
In RAN1#104-e meeting, the following agreements were achieved for DL-AoD enhancement [1]: 

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.

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. Figure 1 shows the beam patterns of 8 PRS resources, where DFT-based beamforming is assumed. For each beam, there are interference from the sidelobe of neighboring beams. It is complicated for LMF to obtain accurate DL-AoDs based the reported RSRP values. For example, given a reported RSRP value for a TX beam, a unique DL-AoD value may not be obtained (as there are  multiple angles correspond to the same RSRP value) unless the RSRP corresponds to the borsight direction. 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 groups of RSRP values, each group corresponds to an RX beam, could be obtained for the TRP. In other words, for each DL PRS resource, multiple RSRP measurements associate with different RX beams should be reported. Then, LMF would calculate multiple candidate DL-AoDs from the multiple groups of RSRP values, which provides the opportunity of improving the estimation accuracy of UE location. 
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Figure 1: Beam pattern of PRS

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 an 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. 

Adjacent beam reporting
In RAN1#105-e meeting, the following agreements were further achieved [3]: 
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

The motivation of reporting measurement of adjacent PRS resources is to improve the accuracy of DL-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 DL-AoD would be calculated using certain interpolation algorithms. 

As each gNB has its own adjacent beam information, this information could be sent to LMF and then configured in the DL assistance data. According to the above four options, option 1 and option 3 indicate the beam information in the assistance data. For option 1, the beam information could be an ordered PRS resource ID list. For option 3, the beam information is the boresight directions of the PRS resource. Both of these options are feasible for a UE to report the measurements of adjacent PRS resources, which should be supported in Rel-17.

In addition, based on knowledge of coarse UE location, UE may be requested to measure and report on those PRS resources covering the range of UE. It is beneficial to reduce measurement overhead and improve accuracy. Option 4 may also be considered in Rel-17.

Proposal 2: For UE-Based and UE-Assisted DL-AOD positioning method in Rel-17, both option 1 and option 3 of the agreement of the last meeting should be supported:
· Option 1: The LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 3: The LMF includes boresight direction information for each PRS resource in the assistance data

DL-AoD uncertainty window

In RAN1#104b-e meeting, the following agreements were further achieved [2]: 

Agreement:
1. 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.
0. FFS: details of signaling
1. FFS: Applicability of this agreement to other Positioning methods


The benefit of introducing an uncertainty window for DL AoD is to reduce UE RX beam training. UE would try those RX filters within the uncertainty window to determine an optimized RX beam. According to the above agreement in RAN1#104b-e, two options for the uncertainty window will be studied. The expected DL-AoD/ZoD value (option 1) is defined from gNB perspective, and the expected DL-AoA/ZoA value (option 2) is from the UE perspective. In the LOS scenario, these two options are equivalent. Therefore, either option could be supported.

These expected angles should be defined with a reference direction. In UL, the expected AoA may be defined in either GCS or LCS, as gNB usually knows its antenna orientation. However, some UEs may not know their orientations. If the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined in GCS or LCS, these UEs may not be able to use the angle information. In Rel-16, DL PRS is QCLed with SSB or other reference signals to provide the Rx beam information. Then, it is natural to use the boresight direction of SSB or DL PRS as the reference direction. The expected angle values are defined as an angle offset to the reference direction. With respect to the concerns that UE would not receive the SSBs due to the coverage issues, we may restrict the SSB or DL PRS used to determine the reference direction belonging to the serving cell. In addition, the direction of UL SRS could also be used as the reference direction, which is more straightforward for UE to adjust its RX beam.  As illustrated in Figure 2, the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined as an offset to the boresight of the SRS resource.
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Figure 2: Reference direction determination base on SRS

Proposal 3: The reference direction of the expected DL-AoD/ZoD or DL-AoA/ZoA, which can be the resource ID(s) of DL/UL reference signals or SSB index, should be indicated to UE.
Two-stage PRS beam sweeping
In RAN1#105-e meeting, the following agreement on PRS beam sweeping was achieved [3]: 

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 the implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets

Two-stage PRS beam sweeping implies the combination of wide beam sweeping (first stage) and narrow beam sweeping (second stage).  The beams of the second stage are the refinement of the beams of the first stage. This scheme is beneficial to enhance the positioning accuracy and reduce the PRS resource overhead. 
The two-stage PRS could be implemented by the two PRS resource sets of the same TRP. There are two options for the association between the two resource sets (assume PRS resource set 0 corresponds to the first stage and PRS resource set 1 corresponds to the second stage):
· Option 1 (dynamic association): All the PRS resources of set 1 are QCLed with a single PRS resource of set 0. The QCL information is determined by the measurement result of PRS resource set 0.
· Option 2 (semi-static association): The PRS resources of set 1 are divided into several subsets. Each subset is QCLed (configured in the assistance data) with a different PRS resource of set 0.
For option 1, the QCL information of PRS resource set 1 is not configured. UE would first report the measurement results (e.g. PRS-RSRP) of PRS resource set 0. Depends on the measurement result, PRS resource set 1 is QCLed with the optimum PRS resource of set 0. This means the association between the two PRS resource sets could be dynamically changed. For option 2, each PRS resource of set 0 is associated with a subset of PRS resources of set 1, which is configured semi-statically by LMF. Depends on the measurement result of PRS resource set 0, only the PRS subset of set 1, which is QCLed with the optimum PRS resource of set 0, is transmitted or being measured. From our point of view, option 1 is more flexible with less PRS overhead. Moreover, with the same number of PRS resources of resource set 1, option 1 achieves better beam refinement (more narrow beams could be used). Therefore, option 1 should be at least supported in Rel-17.

Proposal 4: For two-stage PRS beam sweeping, the dynamic association between DL PRS resources belonging to two DL PRS resource sets of the same TRP should be supported.
Support of additional gNB beam information signaling
In RAN1#105-e meeting, the following agreements were further achieved [3]: 

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

If LMF has accurate DL-PRS beam distribution information, combined with RSRP measurement from UE, the accuracy of DL-AoD can be effectively improved. LMF can obtain the beamforming parameters and antenna parameters of each DL-PRS beam transmitted by TRP, and then the ideal DL-PRS beam distribution can be established. If DFT-based beams are used, the beamforming parameters would be the DFT vector as precoder for each PRS resource. The DFT vector is shown in the following: 



where  denotes the number of antenna ports and  denotes the oversampling factor. The index  corresponds to the beam direction. In this way, the DFT vector is determined by the number of antenna elements, the oversampling factor and the boresight direction. As the boresight direction is already supported, the number of antenna elements and the oversampling factor should be reported. On the other hand, the antenna parameters may include the antenna spacing and the antenna element pattern information, which are used to describe the pattern of the precoded beam. Therefore, the number of antenna elements, oversampling factor of the DFT-based beams, antenna spacing and antenna element pattern information should be reported to LMF.

Proposal 5: NR Rel-17 should support a gNB to report the transmission characteristics of a TRP beam to LMF, including:
· The number of antenna elements (vertical and horizontal) 
· Antenna spacing dh and dv
· For DFT-based beams, precoder information for each PRS resource (oversampling factor of the DFT-based beams)
· Antenna element pattern information

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss DL-AoD positioning enhancements, and give the following proposals:
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: For UE-Based and UE-Assisted DL-AOD positioning method in Rel-17, both option 1 and option 3 of the agreement of the last meeting should be supported:
· Option 1: The LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 3: The LMF includes boresight direction information for each PRS resource in the assistance data

Proposal 3: The reference direction of the expected DL-AoD/ZoD or DL-AoA/ZoA, which can be the resource ID(s) of DL/UL reference signals or SSB index, should be indicated to UE.

Proposal 4: For two-stage PRS beam sweeping, the dynamic association between DL PRS resources belonging to two DL PRS resource sets of the same TRP should be supported.

Proposal 5: NR Rel-17 should support a gNB to report the transmission characteristics of a TRP beam to LMF, including:
· The number of antenna elements (vertical and horizontal) 
· Antenna spacing dh and dv
· For DFT-based beams, precoder information for each PRS resource (oversampling factor of the DFT-based beams)
· Antenna element pattern information
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