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1 Introduction
At RAN #90-e meeting, a new WID on NR Positioning Ennhancements was approved [1] with the following 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.



In this paper, we present our views on potential enhancements related to enhancements on UL AoA positioning.
2 UL AoA Enhancements 
NR Positioning Protocol A standard (TS 38.455) in 5G specifies information element formats for a gNB to report positioning related measurements to a location server. Specifically, the ‘measurement report’ information element includes options to report the SRS RSRP and gNB-side Rx-Tx time difference. 
	TRPMeasurementQuantities-Item ::= ENUMERATED {
	gNB-RxTxTimeDiff, 
	uL-SRS-RSRP, 
	uL-AoA, 
	uL-RTOA, 
	...
}



[image: ]
We observe that a gNB may only report a single AoA, RSRP and timing measurement to the LMF. However, in several scenarios, such a report may appear to be limited, and further enhancements should be considered to improve performance. 
Specifically, for the scenario of UMI 4 GHz case (with absolute time of arrival modelled), significant gains are expected when a TRP can report multiple AoAs and, for each AOA, multiple Timing measurements and their corresponding relative powers, to the LMF. 
[image: ]
Note that in the UMI with absolute time of arrival modelled, for a NLOS link, neither the angles nor the earliest time of arrivals are physically consistent , whereas for the LOS links, there are always NLOS components which can make the estimation of the AoA a rather difficult job. For example, in the figure shown below, we plot a Power Delay/Angle Heatmap of one of the channels. From such a heatmap it is clear that there is a lot of information that can be extracted and Reporting to the location entity multiple AoA and timing measurements would be helpful in advanced fusing algorithms.  
[image: ]
Proposal 1: Support a gNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· FFS: Max number of  (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 
3 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
[bookmark: _GoBack]Proposal 1: Support agNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· FFS: Max number of  (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 
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9.2. 3 7   Measurement Result   This inform ation element contains the measurement result.  

IE / Group Name  Presence  Range  IE Type and Reference  Semantics D escri pt ion  

Measured Result   Item   1   ..  < maxno P os Meas >    

>CHOICE  Measured  Results Value  M     

>>UL Angle of Arrival  M   9.2. 3 8   

>>UL SR S - RSRP  M   IN TEGER (0..127)   

>>UL RTOA  M   9.2. 3 9   

>>gNB Rx - T x   Time  Difference  M   9.2. 4 0   

>Time Stamp  M   9. 2 . 4 2   

>Measu remen t  Quality  O   9.2. 4 3   

>Measurement Beam  Information  O   9.2. 5 7   

   

Range bound  Explanation  

maxno Pos Meas  Maximum no. of measured qua ntities tha t can be configured and  reported with one  position i ng measurement  message. Value is  16384 .  
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