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In RAN1#104e, the agreements related to enhancement of UL-AOA positioning solutions were made [1]. Options for measurements related to AoA/ZoA at the gNB/TRP, number of AoA values reported by the TRP/gNB were proposed. In this contribution, proposals are made to downselecdt the options proposed in RAN1#104e.
Enhancements for UL AoA
In Uplink AoA methods, the UE transmits SRS for positioning (SRSp) and the network determines the position of the UE based on the AoAs measured at reception points (RP). In this contribution, issues that may cause inaccurate positioning for UL AoA are explained.
Robustness against multipath fading channels
In multipath fading channels, the reception points may observe multiple delayed versions of the transmitted SRSp, creating inaccurate AoA measurements and degrading accuracy of the AoA methods. In DL-AoD based methods, the UE reports measurements related to additional paths. For the UL-AoA methods, the similar approach may be considered, where the gNB measures AoA or timing related information corresponding to additional paths.
Observation 1: Solutions or additional measurements to improve performance in the presence of multipaths can be considered for UL-AoA methods
Uncertainty and expected value for AoA/ZoA
The following agreement was made during RAN1#104. In the agreement, expected AoA/ZoA values or uncertainty of AoA/ZoA values were agreed to be indicated signalled from the LMF to gNB.
	Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
· FFS: Reference angle of expected AoA/ZoA



Expected AoA/ZoA value may be the average value of AoA/ZoA estimates taken over certain duration of time or running average value. Similarly uncertainty of the expected AoA/ZoA value may be expressed in terms of a standard deviation. The standard deviation, similar to the expected AoA/ZoA, may be determined over certain duration of time or by a moving window.
Alternatively ,similar to Location Uncertainty specified in TS 38.455, 8-bit uncertainty may be used to indicate uncertainty related to the average AoA/ZoA value. However, our preference is to use calculated value of the uncertainty, i.e., standard deviation, since it reflects statistical characteristics related to the observed values.
Proposal 1: Use the standard deviation associated with the expected (time average) AoA/ZoA value to indicate uncertainty associated with the expected AoA/ZoA value
Along with the standard deviation and average AoA/ZoA value, resolution for each metric, average and standard deviation, can be useful depending accuracy required for AoA/ZoA estimation. Thus several levels of granularities for expected and uncertainty for AoA/ZoA value may be transferred from LMF to gNB/TRP.
Proposal 2: Support a multiple values of granularities for expected and uncertainty of AoA/ZoA value
In addition, indication of expected and uncertainty for AoA/ZoA may be limited to the main path as presence of additional path may be inconsistent over the time (i.e., due to moving object which may cause multipath).
Proposal 3: Support indication of expected and uncertainty for AoA/ZoA at least for the main path
Reporting contents from gNB to LMF
	Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
Note: The reporting by gNB to the LMF is optional



As shown above, in the presence of multipath, the gNB/TRP may observe several paths with different time of arrivals. In such a case, similar to TDOA based methods, reporting UL-AoA measurements for additional paths may be beneficial. Resolution of measurements per path may depend on TX beamwidth at UE or RX beamwidth at the gNB/TRP. Given that each additional path is created by reflection of the transmitted SRSp against an object, higher resolution per additional path may not be necessary. Thus, our preference is to set N=1, i.e., one UL-AoA value per path for additional path.
Proposal 4: Support reporting of N=1 UL-AoA value per path for additional paths
Discussion related to linear array antenna
	Agreement:
· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· Other options are not precluded from the study



The agreement above concerns whether angle information for UL-AoA depends on the global coordinate or reference angle with respect to linear array axis. As discussed in a timing-offset contribution [2], linear array axis may experience accidental tilt, which may cause inaccuracy in the measurements. In addition, linear array axis angle may need to be reported to the LMF (if there’s calibration, after each calibration), thus overhead may be large to support Option 2. Thus, our preference is to support Option 1.
Proposal 5: Support Option 1 (gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system)

Conclusion.
The following observations are made in this contribution.

Observation 1: Solutions or additional measurements to improve performance in the presence of multipaths can be considered for UL-AoA methods
Proposal 1: Use the standard deviation associated with the expected (time average) AoA/ZoA value to indicate uncertainty associated with the expected AoA/ZoA value
Proposal 2: Support a multiple values of granularities for expected and uncertainty of AoA/ZoA value
Proposal 3: Support indication of expected and uncertainty for AoA/ZoA at least for the main path
Proposal 4: Support reporting of N=1 UL-AoA value per path for additional paths
Proposal 5: Support Option 1 (gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system)
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