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Some of the objectives of the revised WID  [1] include:
	…
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· 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 the following:
· UL-AoA TRP assistance data,
· UL-AoA Reporting, and
· UL-AoA enhancements.

UL-AoA TRP assistance data
For providing assistance signaling from LMF to gNB/TRP, the following agreement was made in RAN104-e:

	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



The motivation for the LMF to provide assistance information to the TRP for UL-AoA is mainly to reduce complexity as well as latency especially for FR2 scenarios. Typically, the LMF is aware of relevant information related to a UE which is not (or only partly) available at the TRPs. The LMF may indicate the expected AoA/ZoA to the TRP based on a coarse AoA/ZoA estimate (for example from a coarse UE position) available at the LMF. The TRP may use this information to determine a more accurate AoA/ZoA estimate. The assistance information can also be derived from beam relations based on reported measurements to the LMF. For example, the UE performs multiple PRS measurements and reports them to the LMF. The LMF identifies the strong PRS resources and informs the TRP(s) on these resources. The TRP(s) may then use the same spatial filter used for an indicated PRS resource to perform SRS measurements and to estimate an UL-AoA. Similarly, the LMF can indicate an expected UL-AoA with respect to a TRP Rx beam, the indication informs the TRP that multiple UL-SRS can be received from the same direction. Such information can be derived by the LMF from TRP measurement reports or from coarse UE position information.

Observation 1: It is beneficial to use TRP Tx beam and Rx beam relation(s) to indicate the expected AoA/ZoA.

Proposal 1: For faciliting TRP UL-AoA measurements, support the following:
· The LMF indicates to the TRP that the UL-SRS for UL-AoA measurements can be expected in the direction of an DL-PRS.
· The LMF indicates to the TRP that the UL-SRS for UL-AoA measurement can be expected in the direction of an UL-SRS.

UL-AoA Reporting

	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



Related to the FFS points in the above agreement, UL-AoA additional path information is considered as multipath/NLOS mitigation aspect. Hence we propose:

Proposal 2: NR supports reporting of M > 1 UL-AOA measurement values by gNB to the LMF for the first arrival path.
· Multiple values of M can correspond to the same time stamp.

Proposal 3: UL-AoA additional path measurement report to be studied as part on multipath and NLOS mitigation in the next RAN1 meeting.

UL-AoA enhancements
One key parameter in determining the UL-AoA accuracy is the ratio of the signal strength of the direct component (LOS component) and the multipath components. For AoA estimation especially the multipath components arriving with low delay are relevant. Examples are ground reflections or reflections of objects close to the UE (or the TRP).
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[bookmark: _Ref61509691]Figure 1: UL-AoA scenario with non-ideal UE antennas 
[bookmark: _Ref534823887]In case of a UE which applies multiple Tx spatial filters for SRS transmission, the ratio of the received power of the LOS path and the multipath components depends on the SF characteristics. An example is shown in Figure 1. The UE uses two SRS resources associated with Tx beams A and B. Due to the different propagation characteristics, the TRP may take advantage of the multipath components received from the two SRS resources which optimally shall be coherently transmitted. 
In Rel. 16, single-port SRS transmission is defined, i.e. only one spatial relation for a single set of time/frequency resources. For UL-AoA it would be beneficial to improve the estimation of the LOS direction, especially for multi-TRP UL-AoA, by allowing simultaneous SRS transmission over multiple ports without time/frequency resource overhead.
In view of the discussions in RAN104-e, we would like to highlight that the only required signalling is including  “nrofSRS-Ports” as an optional field in SRS-PosResource RRC configuration.
 
Proposal 4: Introduce support of simultaneous SRS transmission for positioning over multiple UE ports.
· Note: This only impact the SRS-PosResource RRC configuration. There is no impact to RAN1 specifications.

Conclusions
Based on the discussion in this document, we propose:
Proposal 1: For faciliting TRP UL-AoA measurements, support the following:
· The LMF indicates to the TRP that the UL-SRS for UL-AoA measurements can be expected in the direction of an DL-PRS.
· The LMF indicates to the TRP that the UL-SRS for UL-AoA measurement can be expected in the direction of an UL-SRS.

Proposal 2: NR supports reporting of M > 1 UL-AOA measurement values by gNB to the LMF for the first arrival path.
· Multiple values of M can correspond to the same time stamp.

Proposal 3: UL-AoA additional path measurement report to be studied as part on multipath and NLOS mitigation in the next RAN1 meeting.
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Proposal 4: Introduce support of simultaneous SRS transmission for positioning over multiple UE ports.
· Note: This only impact the SRS-PosResource RRC configuration. There is no impact to RAN1 specifications.
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