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In RAN1#106bis-e, the agreements regarding DL-AoD enhancements were made [1]. In this contribution, we discuss several design aspects related to hybrid positioning.
DL-AoD enhancements
Path power definition
In RAN1#106bis-e, the following agreement was made.
	Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary


The FFS point, “FFS: Whether the path RSRP measurement is normalized with PRS RSRP“ concerns normalization of path RSRP measurement. Informative aspects of path power is relative power with respect to the path with the strongest RSRP. Thus, normalizing each path RSRP with PRS RSRP eliminates the need for the UE to report absolute power information. Thus, the following proposal is made :
Proposal 1: Path RSRP measurement is normalized with PRS RSRP
Another FFS point is whether the definition of the ith path delay (other than i=1) is required. Since path power information is used by DL-AoD which does not require timing information, definition of the path delay seems not necessary. How the path delay can be defined or whether such information is beneficial for DL-AoD, or UE capability to measure such delay is not clear. Thus the following observation is made.
Observation 1: It is not clear whether it is beneficial for DL-AoD enhancement to define ith path delay
2-stage beam sweeping
In the FL’s summary [2], the following proposal is made to establish a support for 2-stage beam sweeping where PRS resources in different sets may be associated.
	Question 6-1: should additional association between PRS resources in different resource sets be supported
·  (if yes to question 6-1): what kind of association should be supported:
· Dynamic association between PRS resources in different sets should be supported
· A semi static relation between PRS resources in different set should be supported


The network can associate different PRS resource sets with different beamwidth. Thus, by associating PRS resources in different PRS resource sets, the UE may be informed by the LMF about spatial relationship between 2 beams, one narrow beam spatially contained in another wider beam, as illustrated in Figure 1.
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[bookmark: _Ref86954557]Figure 1 An example of association between PRS resources in different sets
The proposal above was made in the FL’s summary [2] to discuss whether such association can be made dynamically or semi-statically. Association of PRS resources across the PRS resource sets can be beneficial for the UE to derive on-demand PRS request or its position estimation for UE-based positioning. In addition, it may facilitate 2-stage beam sweeping, allowing the network to switch to PRS resources associated with a PRS resource in a different set. Thus the following proposal is made :
Proposal 2: At least a semi static relation between PRS resources in different PRS resource sets should be supported
Assistance information related to beam/antenna
The following agreement related to assistance information for beam/antenna information was made in RAN1#106e. 
	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


Option 2.1 offers details related to power levels of beams (main beam, sidelobe) for each PR resource while Option 2.2 offer relative power difference among PRS resources. The original intention of the discussion leading up to the above agreement was to define additional assistance information which is related to beam characteristics of a PRS resource such that the UE can generate RSRP reports with details (e.g., per sidelobe). Thus Option 2.1 is more aligned with the original intention. In addition, to reduce overhead in signaling, angle information at -3dB power level should be sufficient for additional information. Thus, we make the following proposals;
Proposal 3: Support Option 2.1, “The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP”
Proposal 4: Under Option 2.1, “The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP”, support to include information related to -3dB power level
Additional assistance information
In the FL’s summary from RAN1#106be, discussions related to details of additional assistance information are captured. The following proposal concern boresight direction for each PRS resource transferred from the LMF to the UE in the UE-assisted DL-AoD positioning method.
	Proposal 3.1c
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 may indicate in the assistance data (AD), one or both the following: 
· option 1: subject to UE capability, for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting:
· a UE may include the requested PRS measurement for the subset of the PRS in the DL-AoD additional measurements if the requested PRS measurement of the associated PRS is reported 
· The requested PRS measurement can be DL PRS RSRP and/or path PRS RSRP. 
· Note: The subset associated with a PRS resource can be in a same or different PRS resource set than the PRS resource 
· option 2: subject to UE capability, for each PRS resource, the boresight direction information, and optionally an the expectedDLAoD for each TRP. 
· Note: Either case does not imply any restriction on UE measurement 
· FFS: prioritization of the PRS resources and resource subsets to be measured  
· FFS: UE may report PRS measurements only for the subset of PRS resources.


The LMF includes boresight direction for each PRS resource for UE-based positioning in the current specification [3]. Such information will be useful for the UE to align the Rx beam to maximize RSRP for UE-assisted positioning. Thus, we make the following proposal :
Proposal 5: For UE-assisted DL-AOD positioning method, the LMF can include boresight direction information for each PRS resource in the assistance data.
Conclusion.
In this contribution, the following observation and proposals are made.
Observation 1: It is not clear whether it is beneficial for DL-AoD enhancement to define ith path delay
Proposal 1: Path RSRP measurement is normalized with PRS RSRP
Proposal 2: At least a semi static relation between PRS resources in different PRS resource sets should be supported
Proposal 3: Support Option 2.1, “The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP”
Proposal 4: Under Option 2.1, “The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP”, support to include information related to -3dB power level
Proposal 5: For UE-assisted DL-AOD positioning method, the LMF can include boresight direction information for each PRS resource in the assistance data.
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