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Introduction
In RAN#90-e, the approved WI for Rel-17 positioning enhancement includes the following objective [1].
	· 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 contribution, we present our view on enhancement for UL-AoA positioning.

Generic error mitigation for angle-based positioning
Error source
For angle based positioning, i.e. UL-AoA and DL-AoD, besides the angle measurement error, other factors affecting the positioning accuracy even for an ideal LOS channel include typically
· gNB panel mounting/orientation error 
· Phase/amplitude error across antenna elements
For gNB panel mounting/orientation error, it is similar to synchronization error for timing based positioning methods, which is TRP/panel specific. The difference is that gNB panel orientation error is static for the TRPs deployed indoor, in which case effect from wind can be neglected. The effect on the angle measurement can be added on top of the angle translation from LCS to GCS.
For phase/amplitude error across antenna elements, which is more of an intra-panel error source, resulting from mismatch in circuit elements, antenna channel uncertainty, etc. This error is characterized by a long-term constant bias compared to the instant noise, but it may also be affected by the temperature showing the property of slow time-varying. Since the measurements of UL-AoA positioning are obtained by calculating the phase difference between the antenna elements, precise estimate of amplitude and phase is required to achieve good performance.
Observation 1: gNB panel orientation error and phase/amplitude error on the antenna array bring extra error for angle based positioning methods in addition to angle measurement error.

Angle error calibration
For gNB panel orientation error, it can be maintained by LMF via using the calibration UE, as discussed in our companion contribution [5]. This means that LMF can calculate the orientation error based on UE location that UE reports and the AoA/ZoA measurement for the UE that TRP reports.
Observation 2: gNB panel orientation error can be calibrated by LMF with a calibration UE, and LMF can maintain the correction data without notifying the TRP.
For phase/amplitude error across antenna elements, it seem not possible for the LMF to manage such a small scale calibration, since it has no knowledge of the signals transmitted/received on each antenna elements. The calibration can be done by each TRP with assistance from the LMF
Observation 3: The calibration of phase/amplitude errors should be calibrated by TRP.
Evaluation
Figure 1 shows that the positioning accuracy using the calibration UE provides significant gain for InF channel conditions with LOS/NLOS identification. The gNB angle error describes the antenna orientation rotation which is introduced by the installation and deployment. The simulation here illustrates the basic problem which could be fixed using the calibration UE. As we mentioned above, if the accurate angle of the calibration UE is informed to gNB/TRP, extra benefits like the antenna array amplitude and phase errors correction will also be achieved.
	Parameter
	Case 101 (InF-SH, FR1)
	Case 102 (InF-SH, FR1)
	Case 103 (InF-SH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	InF-SH
	InF-SH

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
LOS/NLOS detection
	Super resolution
LOS/NLOS detection
	Super resolution
LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-AoA
PSO
	UL-AoA
PSO
	UL-AoA
PSO

	UE/gNB Tx/Rx 
Calibration Error
	Ideal
	gNB  Rx Angle error

	gNB  Rx Angle error


	Additional notes, if any
	
	
	With calibration



[image: ]
[bookmark: _Ref61254099]Figure 1 Positioning results using UL-AOA
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 1.
[bookmark: _Ref52281171]Table 1 Positioning accuracy (in unit of meter)
	Case
	50%
	67%
	80%
	90%
	95%

	101, InF-SH, FR1, UL-AOA,
Angle error = 0°
	0.0421
	0.0594
	0.0815
	0.1354
	0.2327

	102, InF-SH, FR1, UL-AOA,
Angle error = 5°
	2.3257
	3.1324
	4.2811
	5.9135
	9.0142

	103, InF-SH, FR1, UL-AOA, Angle error = 5° with calibration
	0.1768
	0.2394
	0.3242
	0.4261
	0.5365



Since the operation mode of the calibration UE is similar to UL-AoA positioning procedure which is already supported in Rel-16, there is very small impact on specification. The difference is that LMF needs to inform each TRP the accurate angle of the calibration UE through NRPPa in angle error calibration mechanism.
Specification impact
The specification impact besides what was introduced with respect to the calibration UE, as shown in our companion contribution [5], should also include LMF assisted TRP calibration for the purpose of calibrating the phase/amplitude error across antenna elements.
A simple way to do so is to allow LMF to carry out the normal NRPPa MEASUREMENT REQUEST procedure, conveying the SRS configuration from the calibration UE and the expected angle with high confidence. The TRPs can take that into account, and perform the calibration. The phase/amplitude correction can be filtered to guarantee the calibration accuracy.
Proposal 1: Introduce a calibration UE with the known location to mitigate the gNB angle error.
Proposal 2: Support LMF assisted angle calibration.

UL AoA enhancement for ULA
Principle
For ULA for the indoor case, normally it is assumed that the horizontal AoA can be estimated if the ULA is placed in the horizontal plane. However, the estimation may suffer from bias if UE and gNB are not in the same horizontal plane.
[image: ]
[bookmark: _Ref61013022]Figure 2 Illustration of AoA estimation based on ULA
As shown in Figure 2, the real AoA  is the angle in the horizontal plane, but the angle estimation based on phase difference between antenna elements will only provide the estimate of the angle between UE and the antenna array ().
The relation between , , and  (ZOA) is as follows

If UE and gNB antennas are almost on the same horizontal plane, which means that , the above leads to the following relation


If UE and gNB antenna array are far from being on the same horizontal plane, the impact from a smaller  will not be neglected, and with an unknown , the real AoA  cannot be estimated.
To resolve this, the angle measurement should be enhanced to allow reporting the angle with respect to a reference direction, which corresponds to the ULA axis. The UE location can be narrowing down to the surface of a cone, centred by the ULA phase centre and symmetric around the ULA axis, as shown in Figure 3.
Multiple cone surfaces will have intersecting lines/points, and make it possible to locate the UE.
[image: ]
[bookmark: _Ref61254181]Figure 3 UE position on the surface of a cone

Evaluation
Evaluation results in [2] showed that the positioning accuracy using the enhanced AoA measurement will provide significant gain for InF channel conditions with ULA gNB antenna configuration.
Specification impact
To enable the angle measurement enhancement with ULA, the specification needs to resolve how the ULA angle is reported.
One option is to allow TRP to report
· The reference direction that corresponds to the ULA axis direction
· The angle of the UE measured relative to the reference direction
Another option is to reuse the existing LCS-GCS translation and to define the ULA angle as the ZoA in the rotated LCS, but currently NRPPa supports AoA as mandatory but ZoA as optional. Therefore, the first option is more desirable.
Proposal 3: Support enhanced angle measurement defined with respect to the ULA antenna direction.

Path specific UL-AoA
For UL-AoA, the path specific measurement will also help in
· Spatial consistency check for the location fix (e.g. verifying whether path is a valid LOS path in RAIM).
· Positioning via reflection and scattering.
2. This could be even possible when artificial reflection is introduced via e.g. intelligent reflecting surface (IRS).
The evaluation results in [4] shows that in the presence of wall reflection, additional angle information on the multipath can facilitate to associate the virtual anchor with the path and to use angle for reflection-based multi-path positioning, which outperforms LOS-path only positioning for single-BS.
Proposal 4: Rel-17 should support angle information report associated with multi-paths.

Larger antenna spacing
Principle
In the evaluation during the study item, we assume the antenna element spacing is equal to half wave-length. But considering the engineering practice and cost control, the assumption is too strict and harsh. If the element spacing is greater than half wave-length, the angle ambiguity may appear in the estimation at gNB.
The orientation of antenna pattern is assumed to be 0°. When the actual angle of arrival equals to 315°, the radiation patterns across azimuth with different antenna elements separations are illustrated in Figure 4. If the antenna elements are ideally separated by half-wavelength, the strength of main lobe is obviously higher than others. While, if the antenna elements separation is larger than half-wavelength, the strength of sidelobe could be as high as main lobe or even larger. Therefore, two or more angles could be estimated. 
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	(a)
	(b)
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	(c)
	(d)


[bookmark: _Ref19801760]Figure 4 Radiation pattern with antenna elements separation equals to (a) half-wavelength, (b) 0.8 wavelength, (c) one wavelength, and (d) two wavelength
For example, assume a horizontal ULA with antenna separation  with given incoming wave at direction , shown in Figure 5, the phase difference of antenna element  to the first antenna elements  is given by

To find the , we have to solve the equation

With .
The solution to the equation is given by

How many  can be found depends the number of valid  so that . For example, if we assume  and , as shown in (c) of Figure 4, two solutions for  are
· 
· , which corresponds to 17°.
Note that the symmetric angle such as , is not selected considering the direction of the antenna array.
[image: ]
[bookmark: _Ref60835177]Figure 5 ULA with incoming wave direction 
Observation 4: When the antenna spacing is larger than half wavelength, the angle can be calculated by 

where 
Benefit
For angle based positioning, the accuracy mainly lies in the aperture of the array. Properly increasing the antenna element spacing will reduce the aperture, so that the angle measurement will be more accurate. This is also reflected in Figure 4, and as the antenna spacing increases, the beam width is reduced.
The benefit can be exploited if the false side-lobes can be ruled out, which can be possible at LMF by taking into account the multiple TRP measurements. A valid location fix should be the common crossing point of all TRPs, while crossing points of sidelobes (directions) are quite irregular, e.g. Point X in Figure 6.
For the cases when the angle measurement error leave a margin which leads to a location fix corresponding to sidelobes, e.g. the false UE location shown in Figure 6, can be accidentally found, TDOA measurement can effectively preclude this, as the false location is usually far apart from the true location due to the spatial separation of the main-lobe and the sidelobes.
[image: ]
[bookmark: _Ref61016238]Figure 6 Location fix in the presence of side-lobes
Evaluation
Figure 7 shows that the positioning accuracy with gNB antenna element spacing of one wavelength provide better performance for InF channel conditions with ideal LOS/NLOS identification. As we mentioned in Section 5.1, normally two angle measurements will be estimated with 1 antenna spacing, but only one of them is correct. Using multiple TRP measurements in positioning algorithm, the false angles corresponding to the sidelobe are accurately removed. 
	Parameter
	Case 501 (InF-SH, FR1)
	Case 502 (InF-SH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	InF-SH

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
Ideal LOS/NLOS detection
	Super resolution
Ideal LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-AoA
PSO
	UL-AoA
PSO

	UE/gNB Tx/Rx 
Calibration Error
	Ideal
	Ideal

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (2, 2, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (2, 2, 1, 1, 1), dH=dV=1λ


[image: ]
[bookmark: _Ref61254039]Figure 7 Positioning results using UL-AOA
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 2.
[bookmark: _Ref61258682]Table 2 Positioning accuracy (in unit of meter)
	Case
	50%
	67%
	80%
	90%
	95%

	501, InF-SH, FR1, UL-AOA,
Antenna spacing = 1/2
	0.1924
	0.3196
	0.5444
	1.1358
	2.0238

	502, InF-SH, FR1, UL-AOA,
Antenna spacing = 1
	0.0808
	0.1205
	0.1887
	0.3630
	0.8336



Observation 5: Larger Antenna spacing than half-wave length can improve positioning accuracy with enhancements to Rel-16. 

Specification impact
Regarding the enhancements to Rel-16 to exploit the benefits for improving positioning accuracy, the specification impact could be either allowing gNB to report multiple angle measurements for a UE for a specific path, or allowing LMF to provide an angle searching window to help gNB report the expected angular measurements.
Proposal 5: Support UL AoA enhancement for TRPs with the antenna element spacing larger than a half wavelength.

Conclusion
In this contribution, we have the following observations and proposals regarding positioning enhancement in Rel-17.
Observation 1: gNB panel orientation error and phase/amplitude error on the antenna array bring extra error for angle based positioning methods in addition to angle measurement error.
Observation 2: gNB panel orientation error can be calibrated by LMF with a calibration UE, and LMF can maintain the correction data without notifying the TRP.
Observation 3: The calibration of phase/amplitude errors should be calibrated by TRP.
Observation 4: When the antenna spacing is larger than half wavelength, the angle can be calculated by 

where 
Observation 5: Larger Antenna spacing than half-wave length can improve positioning accuracy with enhancements to Rel-16. 
Proposal 1: Introduce a calibration UE with the known location to mitigate the gNB angle error.
Proposal 2: Support LMF assisted angle calibration.
Proposal 3: Support enhanced angle measurement defined with respect to the ULA antenna direction.
Proposal 4: Rel-17 should support angle information report associated with multi-paths.
Proposal 5: Support UL AoA enhancement for TRPs with the antenna element spacing larger than a half wavelength.
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