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Introduction 
In this contribution, we discuss the following points:
· UE measurements and reports
· TRP radiation pattern information related gNB to LMF signaling enhancements

[bookmark: _Ref79060436]Signaling Enhancements
Many configuration scenarios can be considered for DL-AoD based positioning. In general, there is a trade-off between beamwidth, number of beams, update rate/required resources and target accuracy. Combinations of wider beams with narrow beams may be considered. The radiation pattern of a beam may have notches and sidelobes. This may cause ambiguity for DL-AoD reporting. 

In RAN1#106-e, some companies proposed to support the LMF to report boresight beam information for each PRS resource for UE-A AoD similar to UE-B AoD procedure. Moreover, most of these companies proposed boresight beam information reporting in combination with ExpectedAoD plus uncertainty. With ExpectedAoD the LMF has a position estimate and derive the ExpectedAoD from this position information or the ExpectedAoD range is derived from a first beam sweep (e.g., using wider beams) and related to this first estimate the UE or the LMF may select other beams for measurements.   

Taking into account notches in the radiation pattern, sidelobes of the beam, limited overlap between adjacent beams may cause ambiguities for the selection of the beams or useful measurements are ignored. One case in which the procedure of reporting adjacent beams that are indicated by boresight beam information may fail is depicted in Figure 1. In this specific example, the UE is located between beam 2 and beam 3 in the notch region of both beams. The side lobe of beam 5 may be stronger than the RSRP of beam 2 and 3. Based on the UE’s position, the ExpectedAoD and uncertainty excludes beams 1,4, 5 and 6 from the adjacent beam measurement and reporting. As a result, beam 5 along with its side lobe gets ignored even though it might be helpful for the UE to measure. On the other hand, by using subset beam reporting to indicate beam adjacency information, the LMF can indicate to the UE that beams {2, 3, 5} can be received according to the UE’s location information, while beam {1, 4, 6} can be ignored from the RSRP report since it is not relevant to the UE’s location.
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[bookmark: _Ref82779794]Figure 1: Boresight and ExpectedAoD reporting in the presence of antenna imperfections

In the same example, if only the boresight information are provided, the UE identify a certain beam for a AoD estimate and uses the boresight information to select the adjacent beams. The UE may detect the side lobe of beam 5 and may accordingly assume beam 4 and 6 as adjacent beams. Therefore, indicating the boresight information may lead the UE to report the wrong adjacent beams.

Observation 1: Boresight beam information may lead that the UE reports undesired RSRP measurements on PRS resources, which may or may not be adjacent beams to the reference PRS resource.

Observation 2: Boresight beam information with ExpectedAOD/ZoD may cause the UE to drop some useful PRS resources from the measurement report in some cases.

In conclusion, providing the beam information in the AD with indicated subsets of PRS resources serves as a more general solution that can be applied to unicast and broadcast, and can take the confusion out of the equation when adjacent beams have different physical characteristics.

Proposal 1: 	Support that for UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of DL-AOD measurement.


TRP radiation pattern information
The following agreements were reached in RAN1#106-e:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement



DL-AoD improvements in Rel-17 targets a direction estimation accuracy significantly lower than the beam-width corresponding to the transmitted PRS. In the example in Figure 2, the UE receives the LOS signal from beam 2 and beam 3 with different RSRP levels: from beam 2, the LOS signal is dominant.
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[bookmark: _Ref84007328]Figure 2 An example of DL-AoD method in the presence of multipath.

Assuming the antenna pattern is known at the TRP, the accuracy of DL-AoD can be significantly increased by taking into account the relative RSRP between beam 2 and beam 3. The TRP can indicate to the LMF detailed NR-PRS beam information, including one or more azimuth/elevation angle information, and optionally finer angle-related information per beam. Signaling on the reported elevation and azimuth angles by additionally providing information on beam power level also helps to support a more accurate DL-AoD estimate. Motivated by the example of Figure 1, to make use of the RSRP measurements in Beam 1 and 3, the gNB shall report the notch angle response as well to the LMF.

Proposal 2: 	Support that the gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP (Option 2.1).
· The Power/Angle information shall include the notches in the antenna pattern 

Conclusions
Based on the discussion in this document, we made the following observation and proposals:

Observation 1: Boresight beam information may lead that the UE reports undesired RSRP measurements on PRS resources, which may or may not be adjacent beams to the reference PRS resource.

Observation 2: Boresight beam information with ExpectedAOD/ZoD may cause the UE to drop some useful PRS resources from the measurement report in some cases.


Proposal 1: 	Support that for UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of DL-AOD measurement.
Proposal 2: 	Support that the gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP (Option 2.1).
· The Power/Angle information shall include the notches in the antenna pattern 
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