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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 different requirements under various scenarios for NR positioning, and list some typical commercial user cases for each scenario.
Requirements for NR positioning under various scenarios
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. 
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 more 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. 
Typical commercial use cases in outdoor scenario include sharing real-time location information on social platform, and using transportation apps (e.g., Uber, Didi, etc), when users locate in dense urban area or under viaducts.
Scenario 2: Indoor UE positioning via indoor gNBs
Typical indoor environments include office buildings, apartments, shopping malls, restaurants, indoor stadium, movie theaters, etc. For indoor environment, considering FR2 (e.g. bandwidth of 400 MHz), the RSTD measurement and UE Rx-Tx time difference errors could be greatly reduced, possibly to at least 1/20 of LTE with 20MHz bandwidth. Therefore, the indoor NR positioning should achieve a better accuracy than LTE and in the level of 1m.
Typical commercial use cases in indoor scenario include car locating in indoor parking lot, stores/restaurants navigation in shopping mall, and tracking of friends/families in shopping mall/indoor stadium/movie theaters.
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. A hybrid technique using the RAT-dependent positioning and WLAN/Bluetooth can be supported. For indoor UE positioning via outdoor gNBs, the NR positioning accuracy should be in the level of 1-10m. In addition, considering some emergency situations, e.g., when fire breaks out in indoor environments and indoor positioning is disabled, outdoor gNBs should provide positioning accuracy that meets the regulatory requirement.
Proposal 1: Requirement for NR positioning accuracy should be considered in the following scenarios:
· Scenario 1: For Outdoor UE positioning via outdoor gNBs, 1-10m accuracy compatible or better than GNSS is required. 
· Scenario 2: For Indoor UE positioning via indoor gNBs, 1m accuracy is required.
· Scenario 3: For Indoor UE positioning via outdoor gNBs, 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 to provide high-accuracy positioning. Otherwise, with the increase of the synchronization error, the RSTD measurements for the OTDOA/UTDOA positioning become less accurate, resulting in tens or even hundreds of meters positioning error. Detailed analysis is shown in Table 3 in our companion contribution [2]. Therefore, the synchronization error among gNBs should be considered as baseline to evaluate its impact on the accuracy of the RSTD measurements, otherwise, if accuracy requirement cannot be met by OTDOA, other positioning techniques should be considered to overcome this issue. 
Proposal 2: The synchronization error among gNBs should be modelled in the baseline simulations for OTDOA/UTDOA positioning, 150ns can be considered as a starting point.

Conclusions
Proposal 1: Requirement for NR positioning accuracy should be considered in the following scenarios:
· Scenario 1: For Outdoor UE positioning via outdoor gNBs, 1-10m accuracy compatible or better than GNSS is required. 
· Scenario 2: For Indoor UE positioning via indoor gNBs, 1m accuracy is required.
· Scenario 3: For Indoor UE positioning via outdoor gNBs, 1-10m accuracy is required.
Proposal 2: The synchronization error among gNBs should be modelled in the baseline simulations for OTDOA/UTDOA positioning, 150ns can be considered as a starting point.
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