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The following agreements were achieved in RAN104b-e:

	gNB to LMF signaling enhancements 
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.
LMF to UE signaling enhancements
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  



And the following agreement was made in RAN104-e:
	UE measurements and reports
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.



In this contribution we discuss about:
· UE measurements and reports
· TRP radiation pattern information related gNB to LMF signaling enhancements
· LMF to UE signaling enhancements

UE measurements and reports
If the UE measures and reports the RSRP only, the multipath propagation directly impacts the measurements and hence the estimated AoD accuracy. In the example of Figure 2, the RSRP for beam 3 is the sum of the LOS power (P3, LOS), the multipath power (P3, MP) whereby in the example only one multipath component is depicted), and the interference and noise power. The measured RSRP is the sum of the power of the LOS and multipath components in addition to noise and interference. 

Observation 1: The accuracy of DL-AoD estimation may be lower if the measured RSRP does not distinguish between LOS and the multipath components. 

The PRS-RSRP of the first arriving path (FAP), provides a better estimation of DL-AoD and in certain scenarios also reduces the impact of multipath propagation. Additionally the (relative) phase measurement provides further information to enhance the accuracy and reliability of the DL-AoD estimate. The relative phase may be the phase difference of the (complex valued) correlation peaks related to the neighboring beams. The reporting of the relative phase may be subject to UE capability and the TRP architecture. Taking into account phase noise and/or frequency offsets issues, the relative phase measurements may be only feasible if the DL-PRS is transmitted over several beams simultaneously using different sequences (different COMB-offset and/or different sequences).

Observation 2: For UE-assisted mode: The reporting of the relative phase measurements of simultaneous received beams from the same TRP may improve the accuracy and reliability of DL-AoD estimations. The measurement of the relative phase should therefore apply to the paths with the similar delay.

Proposal 1:	To improve the DL-AoD accuracy in UE-assisted mode, support enhanced UE measurements and reporting by considering the following: 
· The UE estimates the delay of the first arriving path of several PRS resources per TRP 
· The UE may select a common ToA per TRP for the first arriving path  
· For the CIR value related to the common ToA, the UE shall report the relative phase (or the magnitude and phase or the I/Q component of the first arriving path. This combines Options 1, 3 and 4 (or Options 3 and 5)

Signaling Enhancements
We consider the example of Figure 1, a TRP is configured for transmitting multiple PRS beams in different azimuth and elevation directions where the beams can be adjacent, non-adjacent or even overlapping. For DL-AoD, the UE should report measurements from adjacent (azimuth/elevation) beams of the same TRP. If the information on the PRS beams is not available, the UE may measure and report the suboptimal subset of PRS resources.
In some cases the AD provided by the LMF may indicate which PRS resources should be measured according to priority. However this approach is UE specific and hence is not applicable for broadcasted AD or in mobility scenarios.
Two signaling enhancement options can be differentiated to address this aspect:
· Option A: PRS beam information (beam direction, adjacent beams, overlapping beams, sidelobe direction …) 
· Option B: Indication on associated PRS resources within one or more subsets
In the example of Figure 1, the UE is provided by the LMF, in Option B, an indication on PRS resources within the two subsets corresponding to the two elevation configurations. For DL-AoD, the subset can include overlapping PRS resources from a wide-beam configuration as well adjacent beams. The UE identifies the PRS resources within a certain subset based on the criteria such as RSRP or TOA and perform measurements on the PRS resources with the identified subset. 
With Option A, the signaling overhead can be very high considering the number of beams in some implementations. A reduced information set (such as the PRS resource boresight only) may on the one hand lead to improper measurement and still requires a considerable signaling.
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[bookmark: _Ref71546631]Figure 1 Example on DL-AoD showing two subset from a single TRP

Proposal 2:	Support providing the UE with AD for the purpose of PRS measurements and reports by:
· providing information on the associated PRS resources within one or more subsets, or
· indicating to the UE which PRS resources belong to a subset
For DL-AoD, a PRS resource subset may include to a group of adjacent beams.



TRP radiation pattern information
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: for beam 2 the LOS signal is dominant, for beam 3 the UE receives also a strong multipath signal.
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[bookmark: _Ref61262068]Figure 2 – An example of DL-AoD method in the presence of multipath.


Assuming the antenna pattern is known the AoD accuracy can be increased taking into account the relative RSRP of beam 2 and beam 3. The TRP can signal the LMF more 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 the beam power level information also helps to support an enhanced DL-AoD estimate.

Proposal 3: 	Support the TRP providing beam information to the LMF; the information includes:
· a gain level for the reported main lobe and a the side lobe levels
· a relative gain level a gain level for the reported main lobe and a the side lobe levels



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

Observation 1: The accuracy of DL-AoD estimation may be lower if the measured RSRP does not distinguish between LOS and the multipath components. 

Observation 2: For UE-assisted mode: The reporting of the relative phase measurements of simultaneous received beams from the same TRP may improve the accuracy and reliability of DL-AoD estimations. The measurement of the relative phase should therefore apply to the paths with the similar delay.
	

Proposal 1:	To improve the DL-AoD accuracy in UE-assisted mode, support enhanced UE measurements and reporting by considering the following: 
· The UE estimates the delay of the first arriving path of several PRS resources per TRP 
· The UE may select a common ToA per TRP for the first arriving path  
· For the CIR value related to the common ToA, the UE shall report the relative phase (or the magnitude and phase or the I/Q component of the first arriving path. This combines Options 1, 3 and 4 (or Options 3 and 5)

Proposal 2:	Support providing the UE with AD for the purpose of PRS measurements and reports by:
· providing information on the associated PRS resources within one or more subsets, or
· indicating to the UE which PRS resources belong to a subset
For DL-AoD, a PRS resource subset may include to a group of adjacent beams.

Proposal 3: 	Support the TRP providing beam information to the LMF; the information includes:
· a gain level for the reported main lobe and a the side lobe levels
· a relative gain level a gain level for the reported main lobe and a the side lobe levels
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