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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 issues should be studied from RAN1 perspective.

· Study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]

· Identify requirements such as accuracy, latency, capacity, coverage, and etc

· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.

· Define a representative number of evaluation scenarios for indoor and outdoor

· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.

· Define evaluation methodologies considering the above evaluation scenarios including:

· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures

· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.
· 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, we discuss the potential solutions for NR positioning technologies.
2 RAT-dependent 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. As mentioned in [1], the first priority should be given to scalable positioning solutions of RAT-dependent (NR based) positioning methods in both FR1 and FR2 for regulatory use cases such as ECID, OTDOA and UTDOA in order to have parity with LTE based positioning for regulatory requirements. In this regard, positioning techniques already supported by previous generations of cellular networks, e.g., Cell-ID, E-Cell ID, OTDOA, UTDOA, etc., should at least be supported and serve as a starting point for NR positioning study.
Proposal 1: Positioning techniques already supported by previous generations of cellular networks, e.g., Cell-ID, E-Cell ID, OTDOA, UTDOA, etc., should at least be supported and serve as a starting point for NR positioning study.
2.1 Cell ID (CID) and Enhanced Cell ID (E-CID)
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. 
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 2: For CID and E-CID, RSRP/RSRQ measurement is already supported by NR and thus not additional specification efforts are needed but the following issues should be studied

· Timing advance measurement
· Impacts of numerology and periodicity on positioning accuracy and latency
· Reference signals to be used for measurement.
· AoA measurement
· Reference signals to be used for measurement.
2.2 UTDOA

As a network based positioning technique, the basic concept of UTDOA is to measure the arrival time difference of the reference signals transmitted from a UE at a reference node, e.g., serving node, and other neighboring nodes. With this measurement, UE position can be obtained by multilateration. In LTE, the measured reference signal is SRS and the unit to measure the arrival time difference can be Location Measurement Units (LMUs), which are attached to each eNodeB. In NR, the configuration of SRS is very flexible with following features.
· The number of SRS symbol can be configured spanning 1, 2 or 4 consecutive OFDM symbols;
· Both intra-slot and inter-slot frequency hopping within a BWP is supported and SRS can switch between BWPs and CCs;
· SRS configuration is UE specific;
· Periodic, semi-persistent, and aperiodic SRS transmission are supported;
· Multiple SRS resource set and SRS resources are supported.

Given the flexibility provided by SRS configuration in NR, it is natural to choose SRS as the reference signal to measure in NR and one of the major benefits is there is almost no impact on the UE implementation and thus requires fewer efforts to a roll-out. In addition to SRS, other reference signals such as DMRS and PRACH can also be considered for arrival time measurement and the benefits and disadvantages of each reference signal need to be studied. The configuration of these reference signals is very flexible in NR to support positioning function. 
Proposal 3: For UTODA, SRS, DMRS and PRACH can be candidates for arrival time difference measurement and the current reference signal configuration is flexible enough to support positioning function.
  
2.3 OTDOA
OTDOA is 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, 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 CSI-RS, 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 CSI-RS might not be enough to support adequate hearability. In this regard, it might be beneficial to define a new reference signal similar to LTE PRS for positioning purpose.

Proposal 4: The following two Alts can be considered for OTDOA in NR
· Alt1: use the existing reference signals, e.g., SS/CSI-RS, however, the current configuration needs to be modified to improve the hearability;

· Alt2: define a new reference signal, e.g., PRS similar to LTE, for positioning in NR.
Another aspect of OTDOA reference signal configuration is whether it is UE specific or cell specific. In NR, always on cell-specific reference signal is removed to reduce power consumption and signaling overhead. However, for positioning, it is desired that a reference signal can be heard by multiple UEs at the same time. Therefore, cell-specific configured reference signal seems to be more efficient.
Proposal 5: Cell-specific reference signal configuration seems to be more efficient for positioning and thus should be considered as baseline.
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. A far more flexible positioning reference signal pattern/density configuration is needed in NR. Moreover, since there is no CRS in NR, the pattern of LTE positioning reference signal is not necessarily to be adopted in NR. The pattern/density of positioning reference signals need to be studied by taking such requirements into account. In addition, the multiplexing of positioning reference signals with other reference signals should also be studied. 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. Furthermore, other issues such as CP length, antenna port configuration, etc., should also be studied.
Proposal 6: Following issues should be studied for OTDOA

· Density/Pattern for a wide range of accuracy requirements;

· Positioning reference signal beamforming;

· Other issues: CP length, antenna port configuration, etc.
2.4 New positioning techniques

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. Furthermore, such measurement can be combined with other RAT-dependent measurement such as arrival time difference, or even RAT-independent measurement such as gyroscope to further improve positioning accuracy or reduce positioning latency.
Proposal 7: New positioning techniques exploring NR features should be studied considering follow issues:

· UE capability;

· Channel reciprocity;

· Joint measurement of multiple parameters, e.g., angle based positioning combined with time difference measurement to achieve more accurate and reliable positioning
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: Positioning techniques already supported by previous generations of cellular networks, e.g., Cell-ID, E-Cell ID, OTDOA, UTDOA, etc., should at least be supported and serve as a starting point for NR positioning study.
Proposal 2: For CID and E-CID, RSRP/RSRQ measurement is already supported by NR and thus not additional specification efforts are needed but the following issues should be studied

· Timing advance measurement
· Impacts of numerology and periodicity on positioning accuracy and latency
· Reference signals to be used for measurement.
· AoA measurement
· Reference signals to be used for measurement.
Proposal 3: For UTODA, SRS, DMRS and PRACH can be candidates for arrival time difference measurement and the current reference signal configuration is flexible enough to support positioning function.
  
Proposal 4: The following two Alts can be considered for OTDOA in NR
· Alt1: use the existing reference signals, e.g., SS/CSI-RS, however, the current configuration needs to be modified to improve the hearability;

· Alt2: define a new reference signal, e.g., PRS similar to LTE, for positioning in NR.
Proposal 5: Cell-specific reference signal configuration seems to be more efficient for positioning and thus should be considered as baseline.
Proposal 6: Following issues should be studied for OTDOA

· Density/Pattern for a wide range of accuracy requirements;

· Positioning reference signal beamforming;

· Other issues: CP length, antenna port configuration, etc.
Proposal 7: New positioning techniques exploring NR features should be studied considering follow issues:

· UE capability;

· Channel reciprocity;

· Joint measurement of multiple parameters, e.g., angle based positioning combined with time difference measurement to achieve more accurate and reliable positioning
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Appendix
The long-term SINR curves are plotted in the below figures for UMi and UMa scenarios defined in [2].
[image: image1.png]50

40

30

SINR (dB)




Fig. 1 CDF of SINR for UMi (fc=2 GHz)
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Fig. 2 CDF of SINR for Uma (fc=2 GHz)
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