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1 Introduction 
The work item on NR positioning enhancements was updated in RANP#91e [1]. The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. One of the objectives of this work item is:
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy [1].
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.
In RAN1#106-e. The following agreements were made [2]:
	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

Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.





Furthermore, the following agreements were made in RAN1#106b-e meeting [3]: 
	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




This contribution discusses some remaining aspects on DL-AoD enhancements to improve UE positioning accuracy in relation with the progress made in the previous meeting.
Discussion on reporting of first arrival path
The definition of measured path DL PRS RSRP was agreed in RAN1#106b-e meeting. This definition is needed so that the RSRP measurement for specific path can be reported from a UE to improve AoD positioning. The primary intention is to report the first path because the first path is the primary information as it is typically the expected LoS component. However, from specification point of view, the definition should be generalized so that it can be applied to any path. A specific definition of the other path than the first path is not required.
Proposal 1: The current definition of measured path DL PRS RSRP for ith path delay is sufficient. Specific definition of other path(s) than the first path (other than i=1) is not required.
We should also consider the reported measured path DL PRS RSRP for ith path delay is normalized. In the last meeting, we discussed whether the path RSRP measurement is normalized with the legacy PRS RSRP. We support this type of normalization approach.
Proposal 2: The path RSRP measurement is normalized with PRS RSRP.
Discussion on adjacent beam report
In RAN1#106e, the discussion on assistance data (AD) sent from LMF to UE is still around enabling LMF to indicate UE of the adjacent beams. Given by the description from the proponents, the adjacent beams report can be in a form of a subset of PRS resource IDs associated with each PRS resources [3]. 
In our view, the intention of this method is to indicate UE of the prioritization of the reported PRS resource measurements, under different conditions, i.e., based on the strongest beam. For example, let’s assume there are 6 Tx beams in total. LMF indicates UE with the following subsets: {PRS #1 with subset [#2 #3 #4]}, {PRS #2 with subset [#1 #3 #4]}…. A UE measure all the beams and find the beam #2 have the highest RSRP. And then UE can check the adjacent beam indication from LMF, which tell UE the PRS resources to be reported is #1, #3 and #4.  
However, we still consider there are still some issues or concerns for this method. On one hand, it is still unclear how LMF obtain/predict subset for each PRS resource. Let’s say LMF can estimate a boresight direction and an uncertainty range for one UE and one TRP, based on the historical measurement. This information can be mapped into one {PRS ID with subset […]}. But it is still unclear how LMF obtain the subset from the other PRS resource (the PRS resource excluding the best one). On the other hand, if the adjacent beam subsets are predicted from the historical measurement, there will be no extra gain expected on this method over the boresight direction method, since both reports obtain the same information (historical measurement). 
Observation 1: Enabling LMF to indicate adjacent beams has some issues, such as unclear feasibility to predict adjacent beams and mismatch between UE and gNB’s decision. 
Based on the aforementioned reason, we consider boresight direction with expected AoD range reporting is an easier and better approach than the adjacent beam reporting. It should be noted that UE is not able to resolve coordination transfer, i.e. LCS to GCS or GCS to LCS, due to the unknown orientation of UE. To address this issue, LMF can indicate the resource IDs corresponding to the boresight direction and expected AoD, instead of indicating the angles. Besides that, we tend to leave adjacent beam report as a UE implementation. No indication from LMF is needed. 
Proposal 3: Support LMF to indicate UE of the resource IDs, which corresponds to the boresight direction and the expected AoD range, in the assistance data report. 
Proposal 4: Defining adjacent beam is UE implementation. No indication from LMF is needed. 
Tx Beam information reporting
In RAN1#106e meeting, it was agreed upon that gNB reports the beam/antenna information in a form a quantized angular power response to the LMF. It is beneficial but may not be feasible in a case where gNB has multiple sweeping beams. A gNB could have maximum 64 different Tx beams. If gNB reports all the beam information, i.e., the power response, the reporting size would be huge. 
To improve the reporting size in case of using MIMO, we consider reporting the beamforming codebook would be a better solution. Beamforming codebook is a matrix containing the phase information across different antenna elements in a MIMO antenna. Normally, the codebook size would not be large compared with the quantized power response. For example, in the baseline positioning assumption, gNB in FR1 is using 4X4 Tx MIMO antenna. The size of corresponding codebook would be also 4X4, which is 16 values in total. It should be noted that having the codebook, LMF can recover the whole angular power response with high granularity. But for quantized angular power response, the granularity would be varied depending on the quantization level, i.e. how dense the sampling can make. 
Optionally, in case LMF tends to minimize the reporting size of the beam information, some additional beam configuration, such as beamwidth information (e.g. HPBW) and the gain of the associated beam, can be reported. The legacy Rel-16 only provide the spatial direction when TRP transmit PRS resources. But by having the spatial direction along with beamwidth information and gain, LMF can also reconstruct a simplified power response. 
Proposal 5: In case of using multiple sweeping beams with MIMO, support gNB to report the Tx beam codebook to the LMF to assist the positioning estimation. 
Proposal 6: Optionally, support Tx beam configuration, such as beamwidth and gain, sent from gNB to LMF, for minimizing the reporting size.
2 Conclusion
In this contribution, we discuss some aspects to improve the accuracy of DL-AoD positioning method.  We have made the following observations: 
Observation 1: Enabling LMF to indicate adjacent beams has some remaining issues, such as unclear feasibility to predict adjacent beams and mismatch between UE and gNB’s decision. 
Observation 2: DL-AoD positioning accuracy can be improved by increasing beam density (number of beam / sweeping range). Simulation also shows that the improvement becomes insignificant when the beam density reaches a certain value (e.g., 16beams/120º in InF-SH, FR2). 
We made the following proposals: 
Proposal 1: The current definition of measured path DL PRS RSRP for ith path delay is sufficient. Specific definition of other path(s) than the first path (other than i=1) is not required.
Proposal 2: The path RSRP measurement is normalized with PRS RSRP.
Proposal 3: support LMF to indicate UE of the resource IDs, which corresponds to the boresight direction and the expected AoD range, in the assistance data report. 
Proposal 4: Defining adjacent beam is UE implementation. No indication from LMF is needed. 
Proposal 5: In case of using multiple sweeping beams with MIMO, support gNB to report the Tx beam codebook to the LMF to assist the positioning estimation. 
Proposal 6: Optionally, support Tx beam configuration, such as beamwidth and gain, sent from gNB to LMF, for minimizing the reporting size.
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