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Introduction
The reporting of multiple estimated UL-AOAs from gNB/TRP to LMF was discussed at the RAN1#104b-e meeting and the following agreement has been achieved [1]:
	Agreement:
· Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



In this contribution, we provide further details for the multiple UL-AOAs reporting for the first arrival path from gNB/TRP to the LMF.
Our view on enhancements for the DL-AOD positioning techniques can be found in our companion contribution [2].
Accuracy Improvements for UL-AOA Positioning Solutions
[bookmark: _Ref71199847][bookmark: _Hlk53490318]Multiple UL-AOAs Reporting
The reporting of multiple estimated UL-AOAs from gNB/TRP to LMF was discussed at the RAN1#104b-e meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



The agreement supports reporting of the multiple azimuth and zenith angles of arrival for the first arrival path corresponding to the same timestamp. It addresses an ambiguity issue when the gNB/TRP can estimate multiple UL-AOAs. 
At the previous meeting the following text proposal was discussed and the values for X1 and X2 have not been finally agreed:
	· [bookmark: _Hlk78285304]LMF indicates maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp
· The maximum number is selected from the set {1, 2, X1, X2}
· X1 ≥ 4, X2 ≥ 8
· FFS specific values for X1 and X2



To justify the case when X > 2 one can consider an example of linear vertical antenna array with the 2λ and 4λ antenna elements spacing. In that case the antenna radiation pattern has 4 and 8 side lobes of the same gain, respectively, which results in the ambiguity issue while selecting the direction for the UL-AOA reporting. 
Figure 1 shows an example of antenna pattern for vertical linear array (with N = 4 elements) as a function of zenith angle for antenna spacing equal to 2λ and 4λ.
	[image: ]
	[image: ]

	(a) Antenna spacing = 2λ
	(b) Antenna spacing = 4λ


[bookmark: _Ref78285027]Figure 1: Example of antenna pattern for vertical linear array with N = 4 elements as a function of zenith angle for antenna spacing equal to 2λ and 4λ

In case of the horizontal linear array and due to the property of the sine function (sin(φ) = sin (π - φ)) the antenna radiation pattern has 8 and 16 side lobs of the same gain, respectively, which results in the two times higher ambiguity order. 
Thus, in general case, reporting of both azimuth and zenith angles will further increase the ambiguity order. Therefore, selection of X1 ≥ 4 and X2 ≥ 8 is well justified. 

Based on the provided considerations, we would like to suggest the following text proposal:


LMF indicates the maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp
The maximum number is selected from the set {1, 2, X1, X2}
X1 ≥ 4, X2 ≥ 8
FFS specific values for X1 and X2

Conclusions
In this contribution, we have provided further details to support UL-AOA enhancements. In summary, we have following list of proposals:

Proposal 1: 
LMF indicates the maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp
The maximum number is selected from the set {1, 2, X1, X2}
X1 ≥ 4, X2 ≥ 8
FFS specific values for X1 and X2
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