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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1] and the following agreements were made in RAN1#94b [2] and RAN1#95 [3].

Agreement:
The RAT dependent solutions considered for study include

· Downlink based solutions

· Downlink and uplink based solutions

· Uplink based solutions

Agreement:
The following candidate techniques are considered for study of DL positioning:

· Timing based techniques 

· Timing of arrival path(s)

· Phase difference based techniques

· Note: feasibility needs to be further assessed

· Angle-based techniques

· Downlink angle(s) of departure 

· Downlink angle(s) of arrival 

· Carrier-phase based techniques

· Note: feasibility needs to be further assessed

· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)
Agreement:
The following candidate reference signals were identified for DL positioning evaluation and are to be further studied

· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)
In this contribution, we discuss the potential solutions for NR DL positioning.
2 NR positioning techniques
NR positioning technologies can be categorized into RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.), RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.) and hybrid solutions where RAT-independent positioning techniques can be used to facilitate and/or improve the performance of RAT-dependent positioning techniques. Considering the proliferation of embedded functionality for positioning to smartphones/mobile devices, in addition to RAT-dependent techniques, the hybrid positioning techniques should also be prioritized.
OTDOA is a typical downlink based positioning solution and similar to GNSS in principle, where observed time difference of arrival between a reference cell, e.g., serving cell, and neighboring cells is derived and such time difference of arrival is used to locate the UE. The reference signals used to measure the arrival time difference in LTE is a cell-specific reference signal, i.e., PRS. In NR, there are some existing reference signals such as SS and CSI-RS/TRS, which might be considered as positioning reference signals. However, one of the major concerns for these reference signals is hearability. For SS, it is transmitted from multiple cells using the same time-frequency resources and thus each SS suffers from interferences of neighbor cells so that the hearability might not be enough to support positioning, where at least three cells are needed. In appendix, we have shown the CDF of long-term SINR for UMi and UMa scenarios and it seems -45dB is required to guarantee that 95% of the UEs can hear the fifth strongest gNB and it could be quite challenging. For NR CSI-RS/TRS, different pattern/density can be configured by multiple cells so that interference from other cells might be mitigated. However, even with reduced interference the density of current CSI-RS/TRS might not be enough to support adequate hearability. 

In LTE, only one PRS pattern is defined. However, in NR, multiple PRS patterns/densities should be supported depending on multiple factors. The main reason is that the positioning accuracy depends on at least available bandwidth for positioning. In NR positioning, a wide range of accuracy requirements from relatively loose one in E911 to much more stringent accuracy requirements for certain commercial positioning applications are identified. The pattern/density of positioning reference signals need to be studied by taking such diversity of requirements into account. In FR1, the available bandwidth for positioning might not always be large especially considering the IoT devices with limited operating bandwidth. In such a case, in order to achieve the target positioning accuracy, the density of PRS should be high. On the contrary, available bandwidth for positioning in FR2 is normally quite large and thus lower density PRS, e.g., CSI-RS/TRS can be considered as a starting point. Positioning accuracy may also depend on numerology since RSTD measurement granularity depends on subcarrier spacing. Moreover, highly densified deployment is supported in NR, which may potentially improve positioning accuracy since the UE can hear PRS from more cells. However, in order to improve hearability, orthogonality between PRS from different cells is needed and thus the frequency density of PRS needs to be reduced to guarantee the orthogonal PRS transmission in such scenario. 

Proposal 1:  Multiple density/pattern should be supported for positioning reference signal and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.
However, for FR2 the density/pattern requirement is different from FR1 based on our evaluation results in companion contribution [4]. The simulation results have indicated that the existing TRS is sufficient to meet the positioning accuracy requirements.
Proposal 2: For FR2, TRS is sufficient to meet the positioning accuracy requirements and PRS is not needed.

In FR1, the transmission of positioning reference signals can be omni-directional but for FR2, the transmission needs to be beamformed to enhance coverage. Since a gNB could transmit to multiple directions with beamforming, a beam sweeping mechanism seems to be needed to cover all potential UEs. 
In order to support beam sweeping, we can also define a multi-level PRS block set which consists of n consecutive symbols. Within each PRS block set, multiple PRS block sub-set can be defined and each PRS block sub-set consists of multiple PRS blocks which could have different beam directions as shown in Fig. 1.
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Fig. 1 PRS with beam sweeping

Proposal 3: Beam sweeping for positioning reference signals should be considered to improve hearability.
Furthermore, the following issues need to be considered

· Multiplexing of positioning reference signals with other reference signals and/or PDCCH: PRS might collide with other reference signals, e.g., SS, and the multiplexing of PRS and other reference signals needs to be studied. In addition, PRS used to be deployed in data part only in LTE but in NR data and control parts might share the same symbol in NR. In this regard, i how to multiplex PRS with control channel in NR should be studied;
· CP length: UE needs to measure PRS from coordinating cells and these coordinating cells could be quite far away from the UE. In this regard, longer CP might be needed;
· Antenna port configuration: In LTE, PRS is transmitted in antenna port 6. However, in NR considering multi-panel operation, especially for FR2, multiple antenna port might be needed.
3 Conclusions 

In this contribution, we discussed the potential solutions for NR positioning technologies presented our views on the potential enhancements that need to be studied. Our observations and proposals are summarized below.

Proposal 1:  Multiple density/pattern should be supported for positioning reference signal and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.

Proposal 2: For FR2, TRS is sufficient to meet positioning accuracy requirements and PRS is not needed.

Proposal 3: Beam sweeping for positioning reference signals should be considered to improve hearability. 
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Appendix
The long-term SINR curves are plotted in the below figures for UMi and UMa scenarios defined in [2].
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Fig. 2 CDF of SINR for UMi (fc=2 GHz)
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Fig. 3 CDF of SINR for Uma (fc=2 GHz)
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