3GPP TSG RAN WG1 #104-e	R1- 2100550 


Agenda item:		8.5.3
Source: 	Nokia, Nokia Shanghai Bell
Title: 		Initial views on enhancing DL AoD 
Document for: 	Discussion and Decision
Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved 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], [3],[4]. 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, 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. 
[image: ]
Figure 1: Orientation errors for NR positioning.
To further illustrate the problem, assume the scenario depicted in the figure below:
[image: ]
Figure 2: Example geometry of beam orientation. 
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 the measured AoD is (g+e). The LMF computes the estimated positions  using the distance d and the measured AoD (as communicated by the gNB) (g) as:


Where . However, the true position is

Since the real AoD is in fact (g). The Euclidian distance between the true and the estimated location measures the overall position error due to the beam offset error  and it is given by:

Introducing (3), (2) and (1) in (4) yields the positioning error:

An example of how the beam error  impacts the position error E is given in Figure 3, for a distance d = 30 m.
[image: ]
Figure 3: Positioning error as a function of beam offset.
As Figure 5 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 for the errors when computing the position estimate.
· Signaling aspects: 
· LMF signals to TRPs that a BO recomputation and beam re-tuning is needed.
· UE measurement reports to facilitate BO identification and potential correction. 
 Additional measurements for DL-AoD
In Rel-16 DL-AoD, the localization calculation is based on PRS-RSRP reports from the UE to the LMF. However, a transimission beam with highest RSRP may be different from the LOS direction (from a TRP/gNB to the UE), e.g., when there is an obstacle inbetween the TRP/gNB and the UE. In order to improve the DL-AoD accuracy, identifying “first arrival” PRS is more important than “highest RSRP” PRS. Hence, it is benefical to consider timing based measurement and report for DL-AoD in Rel-17. The timing based measurement could be relative time of arrival (RTOA) of a PRS or received time different between different PRSs from one TRP/gNB.
Proposal 2: Support timing based measurement and report for improving positioning accuracy of DL-AoD. 
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 4 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 4 angle difference measurement of AoA for DL PRS resources.

[bookmark: _GoBack]Observation 2: To enhance positioning accuracy in Rel-17 angle domain difference measurements between AoA of DL PRS resources could be considered.
Proposal 3: Study angle difference measurements for AoA of DL PRS resources in Rel-17.
Conclusion
In this contribution we make the following proposals and observations:
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 for the errors when computing the position estimate.
· Signaling aspects: 
· LMF signals to TRPs that a BO recomputation and beam re-tuning is needed.
· UE measurement reports to facilitate BO identification and potential correction. 

Proposal 2: Support timing based measurement and report for improving positioning accuracy of DL-AoD. 
Observation 2: To enhance positioning accuracy in Rel-17 angle domain difference measurements between AoA of DL PRS resources could be considered.
Proposal 3: Study angle difference measurements for AoA of DL PRS resources in Rel-17.
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Position error as a function of beam offset for a TRP-UE distance of 30 m
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