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Introduction
In RAN #80, a new SI for NR positioning was approved [1]. The objective includes to study and evaluate potential positioning techniques.
	· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.


In this contribution, some important issues of supporting NR-based positioning techniques will be discussed.
Discussion
Location-awareness is a key feature of NR network, which can contribute to expand new business area by supporting advanced commercialization use cases. Providing position information with sufficient accuracy and short latency in various environment is quite challenging, hence, enhancement on RAT-dependent, RAT-independent and hybrid of those positioning techniques should be taken into consideration. 
In the previous releases (Rel-9, Rel-11, Rel-12 and Rel-13), 3GPP had lots of studies on RAT-dependent positioning techniques, e.g. OTDOA, UTDOA, E-CID, RFPM, and RAT-independent positioning techniques, e.g. A-GNSS, TBS, WiFi/Bluetooth based method, barometric sensor method etc. Rel-15 NR specified Cell-ID and RAT-independent positioning methods by reusing LPP. However, NR RAT-dependent positioning has not been specified yet. In this section, the discussion will focus on RAT-dependent techniques.
Consideration on potential enhancements
In Rel-15 NR, various of new functionalities and features have been introduced, and these new functionalities and features can be the key enablers to enhance positioning service.  Some of the features are listed below.
Support of mmW
The use of mmW is one of the main revolutions in 5G NR. In terms of positioning, this feature provides probability to use wide bandwidth for signal transmission, which enables the better resolution on timing measurement and offer great potential to improve positioning accuracy. Moreover, transmission in LoS path can be assumed in mmW band, which helps to improve positioning accuracy for implementation perspective.
Massive MIMO
In NR network, the extension in antenna array dimension offers additional degrees of freedom in both BS and UE sides, specifically for the exploitation of spatial and angular domains. Thus, massive MIMO can motivate the utilization of angle-based positioning method in NR network, which has not been widely used in previous generations of cellular network. In practice, only LoS measurement can precisely reflect the angular relationship between the UE and the anchor points, which limits the use of angle-based positioning method, but it can be a supplementary method to further improve the performance of other positioning method(s).
Dense small cell/RRH/TP
To meet the requirement of large coverage and high capacity, small cells will be deployed in NR network, therefore, more anchor points can be assumed to improve the positioning accuracy, especially for indoor scenario.
Observation 1:  RAT-dependent positioning techniques can be enhanced by new NR features, e.g., support of mmW, massive MIMO, dense small cell.
Consideration on potential positioning techniques
OTDOA/UTDOA based positioning
Among multiple RAT-dependent candidate positioning techniques (e.g., OTDOA, UTDOA, E-CID, RFPM and AoA based positioning), OTDOA/UTDOA can be studied with high priority, because it provides best overall performance among all LTE-based positioning solutions. For OTDOA, the timing measurement is computed by UE using dedicated pilot signal for positioning, i.e. PRS. PRS is designed to have high configurability in terms of frequency, time and power domain, including PCI-associated frequency shift and muting pattern to reduce inter-cell interference. But in Rel-15 NR, no reference signal was designed from positioning perspective, therefore, whether to support specific PRS in NR positioning system need to be studied. Moreover, multiplexing PRS with data transmission need to be studied, because URLLC traffic may collide with configured PRS transmission.
Proposal 1: Study OTDOA/UTDOA based positioning with high priority in this SI.
Proposal 2: Study the necessity to specify PRS in NR system.
· Study PRS and data transmission multiplexing.
AOA based positioning
In NR, both BS and UE will be equiped with more antennas, which can provide larger array aperture. Thus, angular measurement in NR is expected to play more important role to achieve accurate position estimation. One intuitive advantage of AoA-based method is the ability to estimate 3D position while OTDOA/UTDOA is usually limited to estimate 2D position. In 3GPP TR22.872, many use cases require high positioning accuracy in vertical. Thus, AoA-based positioning need to be studied in NR system..
Proposal 3: Study AoA-based positioning in NR system.
Conclusion
In this contribution, we discussed potential RAT-dependent techniques for NR positioning study. The following observation and proposals were made:
Observation 1:  RAT-dependent positioning techniques can be enhanced by new NR features, e.g., support of mmW, massive MIMO, dense small cell.
Proposal 1: Study OTDOA/UTDOA based positioning with high priority in this SI.
Proposal 2: Study the necessity to specify PRS in NR system.
· Study PRS and data transmission multiplexing.
Proposal 3: Study AoA-based positioning in NR system.
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