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Introduction
[bookmark: _Hlk506118555]In RP-170734, the motivation to provide high accuracy location capability in NR has been justified. In this contribution, we discuss the scenarios and requirements, the evaluation methodology, and the potential enhancements for NR positioning.
_______________________________________________________________________
Scenarios and requirements 
The NR should enable, and improve if suitable, the existing RAT-dependent positioning techniques, such as Cell-ID, E-CID, OTDOA, UTDOA, etc., and RAT-independent techniques, such as GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), Inertial measurement unit (IMU), etc. In addition, potential D2D-based positioning techniques should be considered.
Scenario 1: Outdoor UE positioning via outdoor gNBs
For outdoor location services, GNSS can already provide meter-level positioning accuracy when there is GNSS coverage. However, for other scenarios where GNSS fails to provide coverage and an acceptable level of positioning accuracy, e.g., urban canyons and areas that under the viaduct, etc., the RAT-dependent positioning techniques should be able to provide better coverage and accurate positioning than GNSS. Therefore, for outdoor environments, the NR positioning accuracy should be in the level of 1-10m in the presence of most conditions, which is compatible to or even more stringent than GNSS. 
In addition, high accuracy positioning is needed in industrial areas to trace moving objects. The support of high accuracy positioning in high speed scenario with up to 140 km/h in NR, combining RAT-dependent and RAT-independent positioning technologies is also required in some V2X scenarios.
Scenario 2: Indoor UE positioning via indoor gNBs
Typical indoor environments include office buildings, apartments, shopping malls, restaurants, indoor stadium, movie theaters, etc. In such cases, the NR positioning accuracy should be in the level of 1m.
Scenario 3: Indoor UE positioning via outdoor gNBs
For some scenarios, such as old residential areas and dormitories, where no indoor RRHs or repeaters are implemented, outdoor gNBs are used for the indoor positioning. The NR positioning accuracy should be in the level of 1-10m. A hybrid technique using the RAT-dependent positioning and WLAN/Bluetooth can be supported. In addition, for some emergency situations, e.g., when fire breaks out in indoor environments, outdoor gNBs should accurately locate indoor users by the RAT-dependent positioning.
Proposal 1: NR positioning accuracy should consider the following scenarios:
Scenario 1: For Outdoor UE positioning via outdoor gNBs, a 1-10m accuracy competible or better than GNSS is required. Also consider supporting high speed of up to 140km/h.
Scenario 2: For Indoor UE positioning via indoor gNBs, a 1m-accuracy is required.
Scenario 3: Indoor UE positioning via outdoor gNBs, a 1-10m accuracy is required.

_______________________________________________________________________
Evaluation methodology
For RAT-dependent NR positioning, the evaluation scenarios and assumptions of outdoor macro + indoor small cell deployment in TR37.857 can be adopted as a starting point, referring to Table 5.1.1-2 [1]. The evaluation could support higher system BW per carrier (20MHz, 100MHz, 400MHz) and multiple subcarrier spacing (15kHz, 30kHz, 60kHz, 120kHz). Carrier frequency could include below and above 6GHz.
The gNBs participating in the OTDOA/UTDOA positioning are required to be time-synchronized. With the increase of the synchronization error, the RSTD measurements for the OTDOA/UTDOA positioning become less accurate. The synchronization error among gNBs should be considered for baseline to evaluate its impact on the accuracy of the RSTD measurements. 
Proposal 2: The synchronization error among gNBs should be modelled in the baseline simulations for OTDOA/UTDOA positioning.
_______________________________________________________________________________
Enhancements for NR positioning
NR supports multiple numerologies. With the increase of the subcarrier spacing and bandwidth, the RSTD measurements and the UE Rx-Tx time difference errors decrease. Therefore, measurement accuracy requirements should be made according to different numerologies.
Proposal 3: Measurement requirement is defined based on NR numerology and bandwidth.
Beam-related positioning reference signal should be supported in NR positioning. By generating beams that align the UE, the RSTD measurement and UE Rx-Tx time difference can be measured based on the LOS arrival time of the positioning reference signal, which enhances the positioning accuracy. However, the overhead should be considered in RS designing to leverage positioning accuracy and throughput performance.
Proposal 4: Multi-beam-based positioning reference signal configuration should be supported for NR positioning enhancement.
Proposal 5: The following enhanced positioning reference signal design could be considered for NR positioning:
1. The positioning reference signal could occupy larger bandwidth.
2. More dense positioning reference signal in time domain.
3. New design for positioning reference signal to mitigate interference.
4. Positioning reference signal enhancement with low overhead.
____________________________________________________________________
Conclusions
Proposal 1: NR positioning accuracy should consider the following scenarios:
Scenario 1: For Outdoor UE positioning via outdoor gNBs, a 1-10m accuracy compatible or better than GNSS is required. Also consider supporting high speed of up to 140km/h.
Scenario 2: For Indoor UE positioning via indoor gNBs, a 1m-accuracy is required.
Scenario 3: Indoor UE positioning via outdoor gNBs, a 1-10m accuracy is required.
Proposal 2: The synchronization error among gNBs should be modelled in the baseline simulations for OTDOA/UTDOA positioning.
Proposal 3: Measurement requirement is defined based on NR numerology and bandwidth.
Proposal 4: Multi-beam-based positioning reference signal configuration should be supported for NR positioning enhancement.
Proposal 5: The following enhanced positioning reference signal design could be considered for NR positioning:
1. The positioning reference signal could occupy larger bandwidth.
2. More dense positioning reference signal in time domain.
3. New design for positioning reference signal to mitigate interference.
4. Positioning reference signal enhancement with low overhead.
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