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[bookmark: OLE_LINK1]Introduction
After the completion of study item on Rel-17 NR positioning, collective observations and conclusions have been drawn in TR 38.857 [1]. During the RAN#90e meeting, the scope of corresponding work item has been discussed intensively. With the consideration that RAN2 hasn’t finished the study item phase, so we only agreed some RAN1 centric objectives. The following objective is approved to improve positioning accuracy for angle based methods [2].
	· [bookmark: _MON_1671968853]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.


In this contribution, we discuss some existing problems and potential enhancements on UL AoA positioning solutions.
Detailed beam response
In Rel-16 NRPPa protocol [3], AOA(Angle of Arrival) report is supported by E-CID and UL-AOA positioning methods. Up to 64 TRPs can be included in a MEASUREMENT RESPONSE or MEASUREMENT REPORT message,where each TRP is only required to report a azimuth angle and optionally a zenith angle of a indicated reference signal,(i.e. SRS) for UL-AOA positioning method as shown in Table 1. For E-CID positioning method, the UL AOA of a serving cell is reported by E-CID MEASUREMENT INITIATION RESPONSE or E-CID MEASUREMENT REPORT message.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	


Table.1 the detailed information of AOA measurement report in Rel-16
Observation 1: Based on the design of Rel-16 NR positioning, the uplink Angle of Arrival measurement only includes an azimuth angle and optionally a zenith angle for a TRP or a serving cell.
How to get precise UL AOA measurement is very important for LMF to do location computation. However, as we discussed before, the current specification only supports a coarse information of angle information without considering any detailed beam radiation pattern. As we all know, the beam radiation pattern highly depends on antenna structure, antenna number and antenna spacing. As some examples, FIG.2 shows beam radiation patterns of some ULA (uniform linear antenna) antenna arrays. According to those figures, we can observe,
· With the increase of antenna number, the beam width of main lobe is narrowed.
· With the increase of antenna spacing, the beam width of main lobe is narrowed, but the number of side lobes is increased.
[image: ]
FIG.1 Antenna radiation patterns of some ULA antenna arrays
Observation 2: Regarding the characteristics of beam radiation pattern for ULA antenna arrays,
· With the increase of antenna number, the beam width of main lobe is narrowed.
· With the increase of antenna spacing, the beam width main lobe is narrowed, but the number of side lobes is increased.
Take FIG. 1-1 as an example, it’s obvious only an angle information reported in the AOA measurement is not enough. If LMF is not aware of beam width (e.g. HPBW, Half Power Beam width), the angle information is the only information that can be used for positioning. One possible enhancement is to provide some additional information of beam width to LMF, so that LMF can search for a right direction in an angle range. As another example in FIG. 1-3, if the antenna gain of side lobes is very strong, which is comparable to main lobe, it’s hard for LMF to differentiate between the location in the direction of a main lobe and the location in a side lobe. Reporting more information of the direction of side lobes and corresponding gains will mitigate the problem. By doing this, the LMF will decide which angle information is better for positioning. 
Proposal 1: In order to improve positioning accuracy based on UL AOA measurements, some additional beam information should be provided to LMF, e.g. antenna layout, beam width, beam vectors and corresponding gains etc.
Conclusions
In this contribution, we discuss some existing problems and potential enhancements on UL-AoA positioning solutions. The following observations and proposals are proposed,
Observation 1: Based on the design of Rel-16 NR positioning, the uplink Angle of Arrival measurement only includes an azimuth angle and optionally a zenith angle for a TRP or a serving cell.
Observation 2: Regarding the characteristics of antenna pattern for ULA antenna arrays,
· With the increase of antenna number, the beam width of main lobe is narrowed.
· With the increase of antenna spacing, the beam width main lobe is narrowed, but the number of side lobes is increased.
Proposal 1: In order to improve positioning accuracy based on UL AOA measurements, some additional beam information should be provided to LMF, e.g. antenna layout, beam width, beam vectors and corresponding gains etc.
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