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[bookmark: _Ref494215420]Introduction
In 3GPP RAN#86[1], Rel-17 NR positioning enhancements was approved, and the RAN1 part of the objectives can be found below:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.



In this contribution, we discuss some potential enhancements based on Rel-16 positioning techniques, including on-demand DL PRS design, additional measurement and report, and interference randomization for PRS transmission.
Discussion 
On demand DL PRS design
During Rel-16 NR positioning SI, RAN1 agreed to support periodic and/or on-demand DL PRS resource allocation. However, in Rel-16 NR positioning WI, only periodic DL PRS has been specified. Comparing with periodic DL PRS measurement and reporting, there are some use cases in which positioning accuracy and latency can be enhanced by on-demand DL PRS. For example, after BWP switching, semi-persistent DL PRS resources can be activated to compensate the measurement of periodic DL PRS resources. When UE or network receives a quick positioning request and the DL PRS resources within a few subframes are not sufficient, UE can be triggered to additionally measure aperiodic DL PRS resources.
Proposal 1: Support semi-persistent and aperiodic DL PRS transmission in Rel-17.

Additional measurement and reporting
Based on Rel-16 specification, in order to support DL-AoD positioning, UE can be configured to measure DL PRS from serving/neighboring cells and report RSRP values together with the measured DL PRS resources. In general, only the largest RSRP values will be reported. However, in multipath environment, the LOS path may be blocked, and the path with largest RSRP value may correspond to a NLOS path. To further describe this issue, an example can be found as below.


Figure 2-1. Example of RSRP measurement with blocked LOS path 
As shown in Figure 2-1, UE is configured to measure 2 PRS resources with different beams. Beam 1 points to LOS direction, and beam 2 points to a reflector. When there’s an obstacle between gNB and UE, the strongest beam may be beam 2 instead of beam 1. 
Clearly, if UE report the largest RSRP value corresponding to beam 2, LMF will perform a wrong DL-AoD positioning estimate.
Also, for timing based positioning techniques (e.g., OTDOA, UTDOA, multi-RTT), if beam 2 is configured as QCL-D RS for a PRS resource or spatial relation RS for a SRS resource for positioning, the RSTD/RToA measurement accuracy will not be guaranteed. Consequently, the timing based positioning estimate will also be negatively affected.
Regarding the issue described above, a possible solution is to introduce a new metric for RSRP reporting. Which means UE can be configured to report the RSRP value corresponding to the PRS resource transmitted with the beam covering the first arrival path.
Proposal 2: Support UE to report the RSRP value corresponding to the PRS resource transmitted with the beam covering the first arrival path.

Interference randomization for PRS transmission
In Rel-16 NR, DL PRS resources are transmitted periodically by different TRPs. In FR2, each PRS resource can be configured with a QCL-D RS indicating a Tx beam. Therefore, a fixed interference pattern between different DL PRS resources can be observed. Although PRS muting has been supported to change the interference between different DL PRS transmission occasions, some other mechanisms can be considered to further improve the DL PRS resource measurement quality.
One of the potential enhancements could be to configure different Tx beams for different transmission occasions for each DL PRS resource. In Figure 2-3, the beams with the same color represent the same DL PRS resource. It shows that the interference between two PRS resources from different TRPs can be randomized by applying different Tx beam for different transmission occasions (i.e., beam sweeping).


 
(a)


(b)
Figure 2-3 (a) Beam repetition VS (b) Beam sweeping 
Proposal 3: support beam sweeping between different transmission occasions for each UL/DL PRS resource.

Conclusion
In this contribution, we discussed some potential enhancements based on Rel-16 positioning techniques, including on-demand DL PRS design, additional measurement and report, and interference randomization for PRS transmission. Based on the discussion, we have the following proposals:
Proposal 1: Support semi-persistent and aperiodic DL PRS transmission in Rel-17.
Proposal 2: Support UE to report the RSRP value corresponding to the PRS resource transmitted with the beam covering the first arrival path.
Proposal 3: support beam sweeping between different transmission occasions for each UL/DL PRS resource.
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