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Introduction
[1] specifies the need to study how PRS would be transmitted in FR2 in a beamforming scenario. PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies. The PRS transmission to all beam sweeping directions results in an unnecessary and inefficient transmission of PRSs. Thus, we need to study to optimize the PRS transmission.
The NR beamforming introduces a new challenge with respect to the geometry. The geometry plays an important role in the positioning solution such as OTDOA. Geometric dilution of precision (GDOP) metric which has been previously defined for satellite systems and also LTE, correspond to a ratio of position error to the range error (i.e. low GDOP value implies better accuracy). It is computed based on the location of the base-station in accordance to the UE location [2]. 
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However, GDOP metric for satellite system or for LTE cellular system would be inadequate for NR FR2 beamforming scenario. In this paper, we introduce a new Position quality metric which is defined in terms of SNR (RSRP) and Beam Angular Information for both UE assisted, and UE based Positioning modes.
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Position Quality Metric
As the GDOP for GNSS systems or LTE, NR positioning also requires a metric to quantify the quality of the localization estimates prior positioning. Clearly, such a metric must consider geometric and signal quality effects as, it is well-known that, for the same UE location, the performance of a radio based-positioning depends on the location of the reference nodes (base-stations) as well as on the quality of the measurements (ranging/angle).
The GDOP is, in fact, the state-of-the-art metric modelling the position quality (lower GDOP, more reliable is the estimation) and it is computed based on the ranging error variance and the location of the reference nodes. The latter considers the impact of the network geometry. However, in NR, where beamforming is applied to transmit PRS, the location of the reference nodes might yield erroneous information as the signal might not be transmitted in the LOS direction. 
For instance, let us consider the case where 4 TRPs are reachable by the UE and one of them (TRP1) is in NLOS channel condition. The link between TRP1 and UE is, therefore, formed with a beam aligned with a reflected path. If the classic GDOP is used, then the location of TRP1 is mis-informative as, for the TRP1, the UE is in a different direction than the LOS direction. In fact, a more appropriate calculation of the GDOP can be obtained by considering TRP1 in a “virtual” location, indicated by TRP1’.
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In light of the above, our proposal is to define an NR position quality metric that relies on beam-information rather than TRPs’ locations. For beam the signal strength and geometry in terms of beam angle is taken into consideration.
Thus, the proposed position quality metric is provided by.
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where   is a matrix; refers to the Fisher Information Matrix of a TDOA system which considers the beam direction and signal strength.
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 is the beam-direction used for the measurement of .

In light of the above, it can be seen that the position information increments by adding a new term determined by a direction Фk and SNRk. In NR, this term corresponds to a specific beam used by the TRP. Subsequently, by selecting a beam that maximizes the FIM, it yields to an optimum beam/TRP configuration for positioning. In this regard, we consider the D-optimality criteria as measure of information and define the position quality metric by
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Signalling for Position Quality Evaluation
Figure 1 shows a signaling diagram for this use-case. First, in steps 1-4, the GMLC, the LMF and UE exchange messages to initialize the positioning session and acquire the system capabilities. In step 5, the UE requests assistance data from the network. Before assistance data are provided, the LMF enquires the NG_RAN about the TRP and beams used for positioning, i.e., steps 6-7. This angular information is basically based upon gNB knowledge of how beams are being projected. Also, the LMF requests from the UE a measurement report about the DL reference signals such as CSI-RS, SSB or PRS. In such report, metrics as the RSRP and SINR are included. Thus, the input needed for position quality metric is obtained. Additionally, If NG_RAN is capable of angle measurements, such information can be provided to LMF as well (step 10). This is basically angular information based upon UE measurement. This angular information can also be used for position quality metric. Finally, the LMF is able to compute the best position quality from SNR and beam-direction information and it can recommend a new list of TRP/beam direction to NG_RAN, which it will use it during the positioning session, i.e., providing assistance data, sending PRS and computing the location (either at the UE or NW side).
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Figure 1: Position Quality Evaluation on the Network side for UE Assisted Positioning mode
Use case
For UE-assisted positioning, the position quality can be used by the network to select the best TRPs and beams for positioning. The selection can occur when
· Use-case A1) LMF selects the best TRP/beams prior transmission of positioning reference signals
· Use-case A2) LMF selects the best TRP/beams prior position calculation
· Use-case A3) LMF selects the best TRP/beams upon request

More specifically, in the use-case A1) steps 6-10 can be implemented with the transmission of reference signals during the beam sweeping (SSB) period. LMF can then associate SNR to beam-directions and compute the optimum TRP/beam set for positioning. Following the TRP/beam selection, LMF can recommend the gNB to transmit the PRS only in the selected beams. 
In the use-case A2) steps 6-10 can be implemented with reference signals transmitted in an initial list of PRS beams. LMF calculates the optimum TRP/beam set for positioning and calculates the UE position only based on the selected RSTD measurements. 
In the use-case A3) steps 6-10 can be implemented with reference signals transmitted in either PRS, CSI-RS or SSB beams based upon a UE request. LMF calculates the optimum TRP/beam set for the specific UE and inform the gNB about the selected beams for PRS transmission for the specific UE.
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Conclusion
In section 2 we made the following observations:
Observation 1	Position Quality Metric as defined above is used to select the Beams for PRS transmission.


Based on the discussion in section 2 we propose the following:
Proposal 1	Allow LMF to recommend to base stations with beam whitelist and blacklist. Beams which gNB should consider using for PRS and which should not be considered for PRS transmission.
Proposal 2	Allow UE to request for PRS transmission with its preferred beam list.
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