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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The approved work item (RP-202900) has 2 objectives in RAN1,

	[bookmark: _Hlk57059510]RAN1 centric objectives:

· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· 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.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.
 
Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
[bookmark: _Hlk57059470]The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping. 



In this contribution, the solutions for accuracy enhancement for DL-AOD technique are analysed and proposed.

2 The identified issues for Rel-16 DL-AOD
The DL-AOD technique utilizes the concept that, when each TRP transmits multiple beams, the UE may fix the received beamforming parameters for receiving the beams from each TRP. The RSRP of each received beam is measured. For RSRP measurements of the beams from each TRP, the differential RSRP values which are relative to the strongest received beam from each TRP could be reported. A number differential RSRP values indicate the direction between a TRP to UE implicitly. 

That a number of differential RSRP values may indicate the direction can be explained in Fig. 2-1, where in this example, there are 4 beams each steering in respective direction. The EIRP of each beam is plotted with different color. Take the angle = 20o and 10o for example, in angle 20o, the beams with EIRP in decreasing order of intensity are green beam, pink beam, red beam and blue beam. In angle 10o, the order becomes green beam, red beam blue beam and pink beam. Also the EIRP differences among beams in different angles are also different. This explains the purpose of the reporting of multiple differential RSRP values for each TRP: multiple differential RSRP values can be treated as the signature of direction between a TRP and UE.

As shown in Fig. 2-2, the PRS beam information in TS 38.455 is reported from gNB to the location server. The beam information in the table is just the steering direction of each beam. It is a problem that, how the location server may map a number of reported differential RSRP values to a fine direction? In our view, each TRP may need to report a table which may characterize all the beam responses (EIRP), similar to Fig. 2-1. A look-up table with differential EIRP across beams for a range of angles could also be considered.

The RSRP is equivalent to calculate the total power of all the received paths. Under NLOS scenario, the strongest path is usually not the direct path, and the strongest path may arrive with another direction due to reflection. Therefore, if the measured RSRP values are dominated by the reflection paths, the final direction estimation between any TRP to UE would be biased as well. As a result, the position calculation would also be biased due to a number of biased directions. 

Fig. 2-3 shows an example of CIR observation from a number of beams. If the first path is identified and is measured of the corresponding power, it is expected to improve the accuracy, as shown in Fig. 2-4.

The general RSRP is measured in frequency domain (post-FFT). To measure the RSRP of a single path, the RSRP measurement method may need to be revised. If the measurement is conducted in time domain (pre-FFT) after CIR is derived, the “measurement window” containing the first path in each beam may need to be identical. Our simulation in Fig. 2-4 also shows that a fixed measurement window across beams provides better performance than dynamic measurement window. 

The dynamic measurement window also means, for each beam, the first path is determined individually. We don't think that the analog beamforming may change the scattering environment. Therefore, the arrival timing of the first path should be the same among beams, and path power could be different among beams.


Proposal 2-1: It is preferred to have a table provided by each TRP which may characterize all the beam responses (EIRP) for covering a range of angles. The table is like a look-up table when UE reports a number of differential RSRP values for finding the angle between a TRP and UE

Proposal 2-2: A look-up table with differential EIRP across beams for a range of angles could also be considered

Proposal 2-3: The RSRP measurement may support the single path RSRP measurement. Therefore, new RSRP measurement definition could be needed

Observation 2-1: The beam information In TS 38.455 is just the steering direction of each beam

Observation 2-2: The measurement window containing the first path in each beam is expected to be identical. Simulation shows that a fixed measurement window across beams provides better performance than dynamic measurement window. It is because the arrival timing of the first path basically is the same among beams, and path power could be different among beams

[image: ]
Fig. 2-1: multiple-beam response (EIRP) in terms of horizontal direction


[image: image002]
Fig. 2-2: In TS 38.455


[image: ]
Fig. 2-3, example of measured CIR among beams
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Fig. 2-4, accuracy comparison when first path RSRP is measured

3 Conclusion
Proposal 2-1: It is preferred to have a table provided by each TRP which may characterize all the beam responses (EIRP) for covering a range of angles. The table is like a look-up table when UE reports a number of differential RSRP values for finding the angle between a TRP and UE

Proposal 2-2: A look-up table with differential EIRP across beams for a range of angles could also be considered

Proposal 2-3: The RSRP measurement may support the single path RSRP measurement. Therefore, new RSRP measurement definition could be needed

Observation 2-1: The beam information In TS 38.455 is just the steering direction of each beam

Observation 2-2: The measurement window containing the first path in each beam is expected to be identical. Simulation shows that a fixed measurement window across beams provides better performance than dynamic measurement window. It is because the arrival timing of the first path basically is the same among beams, and path power could be different among beams
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+9.2.58 NR-PRS Beam Information.
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