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Introduction
[bookmark: _Hlk506118555]In RAN 1#95 meeting, angle-based techniques were agreed as candidate techniques for the study of both downlink-based and uplink-based solutions [1]. Thanks to the large scale antenna array deployed at the gNB, it has the potential to obtain accurate uplink angle of arrival that benefits the positioning. To justify the performance evaluation on the angle-based techniques, in the RAN 1#94bis and 95 meetings, the following evaluation parameters on the gNB antenna configurations were agreed [1][2].
	Agreement:
	Scenario
	FR1 Specific Values 
	FR2 Specific Values

	Indoor office scenario parameters
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	Urban micro (UMi) scenario parameters
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, - Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, - Note 1

	Outdoor macro (UMa) scenario parameters
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ – Note 1
Applicable for 2GHz and 4 GHz carrier frequency.
	-





Note that in reality, two or three antenna elements are mapped to one TXRU in the vertical direction, which brings ambiguity of the estimation on the zenith angle of arrival.
In this contribution, we provide our views on the above gNB antenna configurations, and further propose some possible solutions to mitigate the estimation ambiguity.

Angle-based estimation
In TS36.214, the definition of Angle of Arrival is given as follows, 
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.
The AoA is determined at the eNB antenna for an UL channel corresponding to this UE.


According to the definition, the estimated angle of arrival in LTE is only the azimuth angle of received signals (AoA), which does not include zenith angle of arrival (ZoA). In NR, we propose to also include the measurement of ZoA.
Proposal 1: The estimation of ZoA is included in NR measurement.
2.1 Antenna elements to TXRU mapping and the ambiguity of angle estimation
In NR, the gNB antenna is modelled by a uniform rectangular panel array, and on each antenna panel, antenna elements are placed in the vertical and horizontal direction, where N is the number of columns, M is the number of antenna elements with the same polarization in each column. The antenna elements are uniformly spaced in the horizontal direction with a spacing of dH and in the vertical direction with a spacing of dV. For each antenna panel, the AoA is estimated by antennas in the horizontal direction, and the ZoA by antennas in the vertical direction, which together define the angel of arrival. 
From the current agreement, it indicates that both AoA and ZoA are estimated using the antenna elements. However, it should be noted that in reality, two or three antenna elements are mapped to one TXRU in the vertical direction. Taking two antenna elements that map to one TXRU as an example, the antenna spacing in the vertical direction is actually  in FR1 and 1in FR2, which brings estimation ambiguity of ZoA.
To evaluate the estimation accuracy of the angle-based solutions in a more practical way, the antenna elements to TXRU mapping should be considered in the gNB antenna configurations. Considering two antenna elements that map to one TXRU, the gNB antenna configurations are listed as follows.
	Scenario
	FR1 Specific Values 
	FR2 Specific Values

	Indoor office scenario parameters
	32 Tx/Rx, (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ 
Map to 16 TXRU, (M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
	64 Tx/Rx, (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ
Map to 2 TXRU, (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)

	Urban micro (UMi) scenario parameters
	128 Tx/Rx, (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ
Map to 64 TXRU, (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)
	256 Tx/Rx, (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ
Map to 8 TXRU, (M, N, P, Mg, Ng) = (1, 1, 2, 2, 2)

	Outdoor macro (UMa) scenario parameters
	128 Tx/Rx , (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ 
Map to 64 TXRU, (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)
Applicable for 2GHz and 4 GHz carrier frequency.
	-


Proposal 2: The antenna elements to TXRU mapping should be considered in the gNB antenna configurations.
[bookmark: _GoBack]2.2 Mitigation of the estimation ambiguity
To improve the positioning accuracy of the angle-based solutions, mitigation schemes of the ZoA estimation ambiguity in FR1 should be further considered. One possible solution is to request UE to report the altitude-related information. The UE can obtain the altitude-related information through barometer, and report the measurement to the location server via NRPP. Furthermore, the ambiguity mitigation schemes can be achieved by combining with other NR positioning schemes, such as the OTDOA/UTDOA techniques, RTT-based E-CID techniques, and the estimation of AoA and ZoA from the adjacent cells, etc. To be specific, the point at which all the surfaces (e.g., hyperboloids obtained by OTDOA/UTDOA, spheres obtained by RTT-based E-CID, and planes obtained by AoA and ZoA estimation) intersect is the true ZoA, and the ambiguity is then eliminated.
Furthermore, it should be noted that limited by the TXRU implementation in FR2, when considering the antenna elements to TXRU mapping, it additionally brings ambiguity of AoA estimation. Therefore, in FR2, it is more necessary to introduce the combination of other NR positioning schemes to mitigate the angle estimation ambiguity.
Proposal 3: In FR1, mitigation schemes of the ZoA estimation ambiguity should be considered in the angle-based solutions. In FR2, mitigation schemes of both AoA and ZoA estimation ambiguity should be considered in the angle-based solutions.

Conclusions
In this contribution, we discuss on the ZoA estimation ambiguity and provide some possible mitigation solutions:
Proposal 1: The estimation of ZoA is included in NR measurement.
Proposal 2: The antenna elements to TXRU mapping should be considered in the gNB antenna configurations.
Proposal 3: In FR1, mitigation schemes of the ZoA estimation ambiguity should be considered in the angle-based solutions. In FR2, mitigation schemes of both AoA and ZoA estimation ambiguity should be considered in the angle-based solutions.

Reference
[1] [bookmark: _Ref533683995]Chairman’s Notes RAN1#95 final, RAN1#95.
[2] [bookmark: _Ref528659105]R1-1812101, Final Report of 3GPP TSG RAN WG1 #94bis v1.0.0, RAN1#95.

