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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 and UL positioning:

· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)

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 combination of DL & UL based positioning technologies.
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.
Cell ID (CID) positioning is one of the network based positioning technologies where the estimation of the UE position is based on ID of the serving cell. The latency of CID can be very low and it requires minimal specification support. However, the positioning accuracy depends on the geographic area covered by the serving cell, e.g., a UE position can be estimated as the serving cell location, and it could be very low. With highly densified cell deployment, its positioning accuracy can be improved but still remains in the same level of cell size. 

CID can be enhanced by considering Round Trip Time (RTT) and/or received signal strength to provide distance information and Angle of Arrival (AoA) of the signals from the UE to provide directional information and such technology is E-CID, which is a UE assisted but network based positioning techniques. Once RTT, signal strength and AoA are taken into account, E-CID can be categorized as downlink and uplink based solutions.
RTT can be obtained from analyzing timing advance measurement. A timing advance mechanism has already been defined in NR and is similar to LTE with main difference that the time advance step scales with numerology. With larger subcarrier spacing and shorter symbol duration, the timing advance step gets smaller and it will generally lead to improved positioning accuracy. As NR supports different numerology in different BWP and multiple BWP can be configured to one UE, it might leads to different positioning accuracy level depending on the numerology of the active BWP and the impact of such issue should be studied. Another issue is the periodicity of timing advance command issuance from the network since it might have impact on latency, especially for some of the commercial positioning applications where stringent latency requirements are defined. For the measurement of timing advance, UL reference signals can be considered, e.g., SRS, DMRS and PRACH. The benefits and disadvantages of each reference signal need to be studied. For signal strength measurement, NR has already supported RSRP/RSRQ based on SS or CSI-RS and thus no additional specification efforts are needed.

AoA measurement is performed at the network side based on UE transmission in UL with the knowledge of gNB antenna configuration. The accuracy of AoA measurement depends on environment as well as factors such as number of antenna elements, antenna spacing and carrier frequency. In a rich scattering environment, the AoA measurement accuracy could be low but in a sparse channel environment, the accuracy might be quite high. The measurement of AoA can also be based on UL reference signals, e.g., SRS, DMRS and PRACH. It is beneficial to choose the same reference signal and perform joint measurement for both timing advance and AoA measurement to reduce complexity and latency. 
Proposal 1: For CID and E-CID, SS and CSI-RS can be considered for RSRP measurement and PRACH, SRS, DMRS can be considered for AoA measurement for E-CID. RSRP/RSRQ measurement is already supported by NR and thus not additional specification efforts are needed but for timing advance measurement the impacts of numerology and periodicity on positioning accuracy and latency should be studied

In addition to the existing positioning technologies, new positioning techniques exploring NR features such as much wider bandwidth and massive number of antenna elements can also be considered to achieve high positioning accuracy. As aforementioned, AoA 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 AoA measurement at the UE side possible. Basically, AoA 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. In addition to AoA, AoD can also be explored because of beamforming. From gNB perspective, there are two ways to acquire AoD information: 1) it can be known since the beam pattern and direction are determined by the precoding matrix known to the gNB so that gNB can derive AoD from such information; 2) it can also be obtained from UE beam measurement and feedback. The similar approach can also be applied to UE and AoA/AoD information can be shared between gNB and the UE. Once AoA/AoD information are known by multiple gNBs, angle based positioning can be applied and the UE position can be determined as shown in the below figure. Here θ1 and θ2 can either be AoA measured from UL signals from the UE or AoD based on the aforementioned solutions.
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Fig. 1 AoA/AoD based positioning.

Observation 1: With more antenna elements for 5G UE, AoA measurement is feasible at the UE side.
AoA/AoD estimation can also be done based on beam information. However, an anchor beam direction should be defined as a reference direction for positioning. The beam index information should be indicated to the gNB in case of network based positioning or UE in case of UE based positioning.
Proposal 2: AoA/AoD can be measured and/or estimated from beam direction at both gNB and UE and such estimation can be used for angle based positioning.
Furthermore, such measurement can be combined with other RAT-dependent measurement such as signal strength, arrival time difference, or even RAT-independent measurement such as gyroscope to further improve positioning accuracy or reduce positioning complexity and latency.

Proposal 3: Angle based positioning can be combined with other RAT-dependent measurement such as signal strength, arrival time difference, or even RAT-independent measurement such as gyroscope to further improve positioning accuracy or reduce positioning complexity and latency.
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.

Observation 1: With more antenna elements for 5G UE, AoA measurement is feasible at the UE side.

Proposal 1: For CID and E-CID, SS and CSI-RS can be considered for RSRP measurement and PRACH, SRS, DMRS can be considered for AoA measurement for E-CID. RSRP/RSRQ measurement is already supported by NR and thus not additional specification efforts are needed but for timing advance measurement the impacts of numerology and periodicity on positioning accuracy and latency should be studied

Proposal 2: AoA/AoD can be measured and/or estimated from beam direction at both gNB and UE and such estimation can be used for angle based positioning.

Proposal 3: Angle based positioning can be combined with other RAT-dependent measurement such as signal strength, arrival time difference, or even RAT-independent measurement such as gyroscope to further improve positioning accuracy or reduce positioning complexity and latency.
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