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Introduction
In Rel-16, a study item on NR positioning support was conducted and the conclusions were captured in [1]. At RAN#83 meeting, a follow up work item for NR positioning was approved [2], which includes the following scopes on RAN1：
	Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]


In this contribution, we discuss on the design of DL/UL reference signals to support NR positioning.

Design Aspects of NR PRS
Bandwidth
In [1], a scalable bandwidth of NR PRS is studied from the minimum system bandwidth 5 MHz to 100 MHz in FR1 and 400 MHz in FR2. It is apparent that larger bandwidth provides finer sampling interval resolution. To meet the target positioning requirements, especially for the commercial user cases, we believe that the bandwidth of the NR PRS should not be limited to the active UE BWP.
Proposal 1: The configuration of the NR PRS bandwidth is not limited to the UE active BWP.

UE-specific PRS
[bookmark: _GoBack]Considering whether the configuration of the NR PRS is cell-specific or UE-specific, we propose that UE-specific PRS should be supported. With cell-specific PRS configurations, to meet high accuracy positioning requirement, narrow cell-specific PRS beams should be transmitted for all UEs, which increases the PRS overhead. In our understanding, compared with the cell-specific PRS, supporting UE-specific PRS can provide better positioning accuracy since the PRS can be transmitted towards the UE and resulting in better RSRP or SINR at the UE. To be specific, a hierarchical PRS transmission can be configured, where the gNB transmits coarse cell-specific PRS beams and when necessary, narrow UE-specific PRS beams are then configured.Moreover, regarding the BWP of the UE-specific PRS, configuring UE-specific PRS does not necessarily indicates that the PRS BWP are not comparable to UEs within a cell, in order to reduce the signalling overhead, the BWP of the UE-specific PRS can be configured as common as possible. Base on above reasons, we have the following proposal:
Proposal 2: UE-specific NR PRS should be supported.

Beam-related configuration
In the study item, beam sweeping has been agreed to be supported for the NR PRS transmission in both FR1 and FR2 [1]. To achieve beam sweeping, a set of multiple PRS resources with different resource IDs needs to be configured for the serving and neighboring cells. In such a case, the positioning accuracy can be improved by using the RSTD and UE Rx-Tx time difference measured from beams that align to the UE. On the other hand, the UE/gNB measurements at the serving cell and neighboring cells should be associated with the resource IDs for reporting, where the beam related information represented by the resource ID can be further utilized by the location server (LMF) to enhance the positioning accuracy.
Proposal 3: A set of PRS resources with different resource IDs should be defined to support the multi-beam-based enhancements.
Proposal 4: The resource IDs / beam information should be included in the assistance data and reporting information that exchange between LMF and UE/gNB.

Conclusions
In this contribution, we make the following proposals on the design aspects for NR PRS:
Proposal 1: The configuration of the NR PRS bandwidth is not limited to the UE active BWP.
Proposal 2: UE-specific NR PRS should be supported.
Proposal 3: A set of PRS resources with different resource IDs should be defined to support the multi-beam-based enhancements.
Proposal 4: The resource IDs / beam information should be included in the assistance data and reporting information that exchanged between LMF and UE/gNB.
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