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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved and updated at RAN#91 on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to DL AoD. Our companion contributions discuss our others views [2-6]. The objective from the WID is to    
· 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.
Discussion  
Beam Offset Errors
One of the main objectives of the Rel-17 work on positioning enhancements is to improve the accuracy of the RAT-dependent positioning methods. One technique that was agreed to be improved is downlink angle of departure (DL AoD). DL AoD-based positioning is sensitive to orientation uncertainties of the TRP beams. Specifically, each TRP introduces orientation errors in their beamed transmission, i.e. each beam is sent under an angle characterized by an error as depicted in Figure 1. For example, since beam alignment process works as selection of the best beam from a finite set of configurations, the TRP may provide limited beam resolution and each beam is characterized by an orientation uncertainty.
Then, when an LMF computes the location estimate of the UE using the DL-AoD method, these beam orientation errors affect the accuracy of the position estimation. If until recently these errors could be absorbed by the overall location error (i.e. Rel-16 allows errors in the meter range), in Rel-17 they are not negligible anymore. Consequently, the location management function or location server needs to evaluate and potentially compensate for these errors, e.g. estimate and cancel them or trigger compensation methods at the TRP, in order to obtain accurate UE position estimates. In Rel-16, the TRP signals the LMF with the azimuth and elevation angles per DL PRS resource. However, the exact method for the TRP to determine these azimuth and elevation angles is left undefined. As the DL PRS beam configuration should remain flexible and can change over time it is also possible that the beam orientation errors vary over time. 
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Figure 1: Orientation errors for NR positioning.        			Figure 2: Example geometry of beam orientation. 
To further illustrate the problem, assume the scenario depicted in the Figure 2. The TRP is located at known position [a, b] and the UE at unknown location [x,y]. The distance between the TRP and the UE is d. The ideal AoD at the gNB is g, i.e. if the beam would be perfectly tuned to the AoD g. Due to the beam offset error e however, in reality, the AoD is (g+e). The LMF computes the estimated positions  using the distance d and the ideal AoD, i.e. what the gNB believes the AoD should be as . However, the actual position is since the actual AoD is in fact (g+e). The Euclidian distance between the actual and the estimated location, i.e. measures the position error due to the beam offset error  and it is . An example of how the beam error  impacts the position error E is given in Figure 3, for a distance d = 30 m.
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Figure 3: Positioning error as a function of beam offset.
As Figure 3 shows, even if the beam offset is the sole error source, a small beam offset or orientation error would cause 10-40 cm of positioning error. This clearly is not acceptable for meeting high accuracy use cases which are proned to errors stemming not only for beam offsets. 
Observation 1: DL-AoD cannot meet the positioning requirements without correcting for beam orientation errors. 
Proposal 1: RAN1 to study beam orientation errors and potential correction mechanisms in order to improve the positioning accuracy achievable with DL-AoD. Including:
· UE-based positioning: the beam offset (BO) could be signaled to the UE, as either an indicator, e.g. low/medium/high, each specifying an error range or as a specific value computed by the network
· UE-assisted positioning: LMF should be aware of the BO and compensate it when computing the position estimate.
· Signaling aspects: 
· LMF signals to TRPs that a BO beam re-tuning is needed. The BO correction may be explicitly signalled to the TRP by the LMF; alternatively, the LMF may send a Boolean indication that a BO recomputation and adjustement is needed.
· UE measurement reports to facilitate BO identification and potential correction. 

During RAN1#104-e the following agreement was reach on reference devices: 
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 addition to the above functionalities, a reference device should also support measurements to enable the LMF to detect and correct for beam offset errors for one ore more beamed PRS of one ore more TRPs. Specifically, the network may designate one or more reference devices to perform measuremets of the beamed PRS from one or more TRPs and use the reported measurements to compute TRP beam offsets. In addition to the beam orientation/position measurements, the reference device may be configured to reports its own location acquired via non-RAT based methods. e.g. via GNSS or fixed location. To enable the beam correction via a reference device, the LMF should request the designated reference device to measure beamed PRS of selected TRPs and report at least the following:
· Own non-RAT based location estimation and optionally a level of trust of said estimate, e.g. uncertainty.
· Beamed PRS measurements such as, TOA, RSTD, RSRP, for one or more detected multipath components, and if specified LOS related parameters . 

The LMF may use the above reports to estimate a BO value per TRP beam, or to detect whether there is a BO as observed by the reference device(s). The estimated BO per beam, or the BO indication per beam may then be sent to the TRPs, for the latter to apply the corrections. In addition or alternatively, the LMF may use the estimated BO to correct the position estimates of other UEs being localized via the problematic beams. For the particular case of UE-based positioning, the BO per beam may be explicitly signalled via the LPP assistance data.
Proposal 2: RAN1 to specify support for enabling a selected device with known location to support configuration by the network to help with beam offset estimation, among other parameters. In particular, RAN1 should investigate methods and signaling required to enable the selected reference device to:
· Be configured as a reference device, e.g. device should reports its capabilities such as fixed location knowledge or high accuracy GNSS receiver availability, device estimated velocity, etc.
· Report back a selected set of measurements of beamed PRS used by the network to compute and compensate for beam offset errors. This could include additional reporting capabilities (i.e., higher number of beam reports)
· Ability of reference device to determine beam offset errors are present. 

[bookmark: _Hlk71118911]There is not sufficient specification support for such capabilities as highlighted above and in addition the current specifications would lead to high overhead and complex signaling that would not be optimal. For example, if a UE using GNSS is configured to report the location it estimates via GNSS, the LMF has little ability to control the timing of the report and the relation to other measurement reports (e.g., PRS-RSRP measurements). The current protocols would require multiple LPP procedures to run concurrently in order to facilitate this type of reporting. Which is highly inefficient and the signaling was not designed for such reference UEs. UEs which have fixed locations are also not currently supported and would need a method to report their locaitons. 
Observation 2: The current specifications are not sufficient for enabling a reference device. 
Observation 3: UEs with fixed location currently have no ability to report their location to the LMF. 
Observation 4: Reference devices could have the ability for additional positioning measurement reporting capabilities.
 Additional measurements for DL-AoD
At RAN1#104-e there was discussion about introducing additional measurements to increase positioning accuracy of DL-AoD method. The following decision was made: 
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.
In general, the accuracy of downlink (DL) positioning may be degraded in the presence of multipath propagation. The strongest multipath component may not necessarily correspond to the shortest/first arriving path relative to a surrounding transmitting cell - this happens, e.g. when the line-of-sight (LoS) direction is obstructed. Thereofore, additional power measurement of the first path may not bring additional benefit. The first path of a NLOS beam may be still a NLOS path with high power. However, by comparing arrival time of different beams (associated with different PRS occasions) can identify which beam arrival first, although the beam may having lower power or RSRP value. 
Observation 5: In the presence of NLoS, the strongest multipath component in terms of PRS-RSRP may not necessarily correspond to the first arrival/shortest path.
In order to improve the DL-AoD accuracy, identifying “first arrival” PRS is more important than “highest RSRP” PRS. Hence, it is beneficial to consider timing based measurement and report for DL-AoD in Rel-17.
Proposal 3: Support “Option 3: Information corresponds to the arrival time of the first path” as one candidate enhancement for DL-AoD. 
Regarding to FFS on the reporting of additional path, the accuracy of the positioning may theoretically be increased by having measurements from several spatial components/beams, in practice DL TX beams that are close to each other in the spatial domain generally contribute very similar information for positioning. For example, DL PRS resources corresponding to adjacent DL TX beams and selected only based on RSRP measurements may be spatially correlated, and thus may contribute only marginal improvements for the positioning accuracy.
Figure 4 shows an example of reporting adddtional paths associated with arrival time information. UE is configured with multiple PRS resources and reporting configuration with ranking of reported PRS resources according to time of arrival (e.g. report N- different DL PRS resources with shortest arrival times or relative time difference of arrival information between reported resources). When the network has aforementioned arrival timing information available, it can enhance the reliability of estimation related to UE location (showed as shaded area around the UE).  
Observation 6:To enhance positioning accuracy in the presence of different NLoS, it is beneficial to report multiple PRS resources each associated with time of arrival information.
Proposal 4: For DL-AoD support reporting of multiple PRS resources per PRS resource set, with each resource being associated with time of arrival information.
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[bookmark: _Ref68515627]Figure 4. Example of reporting of multiple additional paths with arrival of time information.    
Other DL-AoD Enhancements
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.
In our view, options 1 and 2 do not allow enough flexibility in terms of how the UE performs the PRS measurements. Option 2 links the measurements to the UE RX beam indices, and such, the measurement report size is linked to the UE beamforming capabilities, without necessarily bringing additional benefits, since some of the UE RX beams may not be relevant to the positioning session. In our view, the UE measurement process should be transparent to the network. While these options currently are for RSRP measurements we think that this potential enhancement should also apply to any additional measurements for DL-AoD (e.g., first arrival path). 
Proposal 5: Support “Option 3: Up to N>8 measurements” as candidate enhancement. FFS value of N.  
At RAN1#104-bis the following were agreed: 
Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.
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  

For the enhancement of reporting additional beam/antenna information to the LMF it should be left to the TRP how much additional information to report. The specification should support additional details but not mandate that the TRP report specific information (outside of the boresight direction supported in Rel-16). 
Proposal 6: Any additional beam/antenna information reported by the TRP should be optional. 
It is useful for the LMF to have a better understanding of the beam shape and polarization and to quantize the pattern for multiple directions. The boresight direction can be assumed to be the maximum power and then the relative power for multiple additional directions can be optionally reported by the TRP. 
Proposal 7: Support TRPs to optionally report multiple directions per DL PRS resource with each direction being associated with a power value relative to the boresight power for that resource. 
Proposal 8: Include additional assistance data for UE based positioning, including TRP polarization and geometry.
Concerning adjacent beam reporting, the PRS-RSRP reporting flexibility of a UE is already quite high in Rel-16 and in Rel-17 may be further enhanced. If a UE has determined that a given PRS resource is not going to be reported for DL-AoD that means that the UE with capability to report 8 PRS-RSRP measurements has determined that 8 other DL PRS resources are better than the given PRS resource. The PRS resource then seems like it will not be useful at the LMF for AoD calculation. In fact if we look at Figure 4 the UE may determine to report beam 8 and 9 if using adjacent beams but beam 1 (or beam 5 in the case of obstructed LoS) would be better beams to report as they carry more information. It is not useful in our view for the network to constrain the UE reporting to ensure that particular adjacent beams are reported.  
Observation 7: Reporting adjacent beams may be worse than letting the UE determine the best beams to report. 
Proposal 9: Do not support any enhancements for adjacent beam reporting (i.e., do not support option 1-2 in the FFS of the prior agreement). 
Two stage beam sweeping
The trade-off between resource overhead and positioning accuracy in beam sweeping operation for DL-AoD positioning has been indicated by some companies [7][8]. For higher positioning accuracy, beam sweeping with narrow beams is required, in order to achieve higher angular resolution. In the meantime, it means a large number of PRS resource is required for higher accuracy. It leads to large resource overhead; low network and device efficiency and high power consumption at UE.
In NR, two level beam sweeping is already supported for beam management. For example, the first level beam sweeping is associated with SSB, which targets wide coverage by only a few wide beams. Whereas, the second level beam sweeping within the beam coverage of one SSB is allowed for CSI-RS, to achieve higher antenna gain. Such mechanism could be re-used in DL-AoD positioning together with on-demand PRS transmission and reception.
Proposal 10: Consider two stage beam-sweeping for DL-AoD together with on-demand PRS transmission and reception.
In the Rel-16 specifications there is support for up to 2 DL PRS resource sets per TRP. In some ways this already enables the two stage beam-sweeping by allowing for one DL PRS resource set to be narrow beam and one DL PRS resource st to be wide beam. However, what is lacking in the current specification is some association information between the DL PRS resources within the two sects (e.g., DL PRS resource X and Y from set 2 are nested in DL PRS resource Z from set 1). 
Observation 8: The current specification has insufficient support for two stage beam sweeping. 
Proposal 11: Support association between resources belonging to two DL PRS resource sets (at the same TRP) to facilitate support of two stage beam sweeping. 
Expected Angle of Departure 
In RAN1 #104bis meeting the following agreement was reached. 
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
Indication of expected AoA and uncertainty to the UE can help UE to decide Rx beamforming in which direction it should receive DL PRS from TRPs. This information is more useful in DL-AoD method, as it can filter out NLOS paths with high RSRP value. 
Proposal 12: Support 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.
In the case of UE-based mode we also see that there can be some benefit for the LMF to tell the UE the expected DL-AoD (e.g., approximately what the UE should compute as the DL-AoD). Then the UE may be able to determine NLOS status, or other larger error, if the calculated DL-AoD is far from the expected value. 
Proposal 13: For UE-based mode, support 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. 
Proposal 14: Support of indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) is signaled by the LMF to gNBs/TRPs in on-demand PRS framework.
See our companion paper [6] for more discussion of this issue related to on-demand PRS. 
Additional angle domain measurements for DL and UL 
To further enhance positioning accuracy in Rel-17, e.g. in NLoS conditions, the utilization of angle domain difference measurements between AoA of DL PRS resources at the UE could be considered. Figure 5 provides an example illustration of a scenario where angle domain difference measurements could be useful. In the scenario the UE reports measurements on PRS resources #1 and #4. Since the PRS#4 is received on reflected path the UE assumed location differs from the actual one. The angle domain difference measurements (and reporting) between AoA of DL PRS resources could provide network more information on the potential LOS/NLOS paths for different DL PRS resources measured by the UE. Furthermore, the angle domain difference measurement (and reporting) can enable network to use information for enhanced positioning accuracy, for example in the presence of NLoS conditions as depicted in the example scenario.
[image: ]
[bookmark: _Ref61354921]Figure 5. Angle difference measurement of AoA for DL PRS resources.
Observation 9: To enhance positioning accuracy in Rel-17 angle domain difference measurements between AoA of DL PRS resources could be considered.
Proposal 15: Study angle difference measurements for AoA of DL PRS resources in Rel-17.
Conclusion
We made the following observations and proposals in this paper: 
Observation 1: DL-AoD cannot meet the positioning requirements without correcting for beam orientation errors. 
Proposal 1: RAN1 to study beam orientation errors and potential correction mechanisms in order to improve the positioning accuracy achievable with DL-AoD. Including:
· UE-based positioning: the beam offset (BO) could be signaled to the UE, as either an indicator, e.g. low/medium/high, each specifying an error range or as a specific value computed by the network
· UE-assisted positioning: LMF should be aware of the BO and compensate it when computing the position estimate.
· Signaling aspects: 
· LMF signals to TRPs that a BO beam re-tuning is needed. The BO correction may be explicitly signalled to the TRP by the LMF; alternatively, the LMF may send a Boolean indication that a BO recomputation and adjustement is needed.
· UE measurement reports to facilitate BO identification and potential correction.

Proposal 2: RAN1 to specify support for enabling a selected device with known location to support configuration by the network to help with beam offset estimation, among other parameters. In particular, RAN1 should investigate methods and signaling required to enable the selected reference device to:
· Be configured as a reference device, e.g. device should reports its capabilities such as fixed location knowledge or high accuracy GNSS receiver availability, device estimated velocity, etc.
· Report back a selected set of measurements of beamed PRS used by the network to compute and compensate for beam offset errors. This could include additional reporting capabilities (i.e., higher number of beam reports)
· Ability of reference device to determine beam offset errors are present. 

Observation 2: The current specifications are not sufficient for enabling a reference device. 
Observation 3: UEs with fixed location currently have no ability to report their location to the LMF. 
Observation 4: Reference devices could have the ability for additional positioning measurement reporting capabilities.
Observation 5: In the presence of NLoS, the strongest multipath component in terms of PRS-RSRP may not necessarily correspond to the first arrival/shortest path.
Proposal 3: Support “Option 3: Information corresponds to the arrival time of the first path” as one candidate enhancement for DL-AoD. 
Observation 6:To enhance positioning accuracy in the presence of different NLoS, it is beneficial to report multiple PRS resources each associated with time of arrival information.
Proposal 4: For DL-AoD support reporting of multiple PRS resources per PRS resource set, with each resource being associated with time of arrival information.
Proposal 5: Support “Option 3: Up to N>8 measurements” as candidate enhancement. FFS value of N.  
Proposal 6: Any additional beam/antenna information reported by the TRP should be optional.
Proposal 7: Support TRPs to optionally report multiple directions per DL PRS resource with each direction being associated with a power value relative to the boresight power for that resource. 
Proposal 8: Include additional assistance data for UE based positioning, including TRP polarization and geometry.
Observation 7: Reporting adjacent beams may be worse than letting the UE determine the best beams to report. 
Proposal 9: Do not support any enhancements for adjacent beam reporting (i.e., do not support option 1-2 in the FFS of the prior agreement).
Proposal 10: Consider two stage beam-sweeping for DL-AoD together with on-demand PRS transmission and reception.
Observation 8: The current specification has insufficient support for two stage beam sweeping. 
Proposal 11: Support association between resources belonging to two DL PRS resource sets (at the same TRP) to facilitate support of two stage beam sweeping.
Proposal 12: Support 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.
Proposal 13: For UE-based mode, support 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. 
Proposal 14: Support of indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) is signaled by the LMF to gNBs/TRPs in on-demand PRS framework.
Observation 9: To enhance positioning accuracy in Rel-17 angle domain difference measurements between AoA of DL PRS resources could be considered.
Proposal 15: Study angle difference measurements for AoA of DL PRS resources in Rel-17.
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