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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#95 [2].

Agreement:
· Combination of DL, UL and DL + UL techniques can be used for NR positioning
· Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning

In this contribution, we discuss the RAT-independent positioning technologies and the combination of RAT-dependent and RAT-independent techniques.
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 RAT-independent and hybrid positioning techniques could be quite useful in many scenarios.
Angle based measurement is normally performed at the network side in LTE based on UE transmission in UL with the knowledge of gNB antenna orientation and configuration. Angle based measurement accuracy scales with number of antenna elements at the receiver side. In this sense, NR gNB with more antenna elements is expected to provide much higher accuracy. In the meantime, more complex UE with enhanced hardware can be supported in 5G, which makes angle based measurement at the UE side possible. However, such measurement requires a priori knowledge of antenna array orientation. Without such information, only the angle relative to the antenna array orientation can be measured but not the actual angle relative to a pre-defined geographical direction which can then be used for angle based positioning. Such antenna array orientation information can be easily obtained at the network side since the positions and antenna array orientation/configuration of the gNBs are rarely changed. However, the antenna array orientation of UE can be easily changed due to movement or rotation and such information cannot be assumed to be known to the UE. For example, IMU sensors consisting of an accelerometer, a gyroscope and a compass have been commonly available in most of the smart phones and other terminal devices nowadays and can be used to measure the orientation of the UE devices. Once the UE orientation is available, such measurement can be combined with other RAT-dependent measurement such as arrival time difference to further improve positioning accuracy or reduce positioning latency as shown in the following scenarios.
2.1 LOS determination

The performance of positioning largely depends on LOS condition. It is implicitly assuming all links are LOS links so that if any of the link is actually NLOS link, the positioning performance will be significantly degraded. Therefore, it is important to identify which links are NLOS links can these links should not be taken into consideration for positioning.

One solution to determine LOS condition is to use AoA and/or AoD information. Basically, most of the user terminals are equipted with IMU sensor so that the UE antenna array orientation can be obtained. The gNB antenna array orientation is fixed so this information is also available. With such information, we can compare the AoA/AoD angle at the UE and gNB and if they match, e.g., AoA/AoD of gNB = AoA/AoD of UE, as shown in the below figure, it should be a LOS link and otherwise a NLOS link.
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Fig. 1 LOS determination

2.2 Hybrid RAT-dependent and RAT-independent techniques

For angle based positioning approaches, LOS link should be assumed. However, it is not always possible to have LOS link between the gNB and the UE. In such a case, other measurements are needed for positioning. 
When NLOS link is considered as shown in the below figure, in addition to the UE location, reflector location is also unknown. In total, we have 5 unknown values including UE location (x, y), reflector location (x1, y1) and UE orientation. If only AoA or AoD at one side is measured, it is clearly not possible to form enough equations to locate the UE. Here we also consider signal strength or timing measurements to be used to estimate the path length of the signal traveled from the gNB to the UE or the other way around. Without channel reciprocity, we need AoD at the network side, AoA at the UE side and signal strength at the UE side to form three equations for each NLOS path. With one additional NLOS path, there are two more unknown variables for a new reflector but three more equations can be formed. Assuming we need L NLOS path, L needs to meet the following condition

5+2*(L-1) <= 3*L

and the minimum L is 3, which means at least 3 NLOS path is needed to locate the UE. 
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Fig. 2 Angle based positioning

However, with assistance from RAT-independent positioning technique, e.g., gyroscope, the UE orientation can be known so that the number of unknown variables is reduced. For the above case, the required number of NLOS links is reduced. In this regard, such positioning technique is hybrid RAT-dependent and RAT-independent technique.
Basically, angle based measurement can happen at both sides of the communication depending on UE capability, channel reciprocity, etc., and the UE position can potentially be calculated at both sides. Furthermore, such measurement can be combined with RAT-independent measurement such as IMU sensors to further improve positioning accuracy or reduce positioning latency.
Proposal 1: UE orientation measurement via RAT-independent positioning techniques should be supported and can be combined with other RAT-dependent positioning techniques.
3 Conclusions 

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

Proposal 1: UE orientation measurement should via RAT-independent positioning techniques should be supported and can be combined with other RAT-dependent positioning techniques.
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