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Introduction
In RAN#83, the new WID of NR Positioning Support was approved with the following objectives from RAN1’s perspective [1]:
	RAN1 centric objectives
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 focus on the discussion of the physical-layer procedures to support UE/gNB measurements for NR positioning.

Procedures for UE measurements
[bookmark: _Hlk508191601]At this stage, the design of the DL PRS is still under discussion. The details of the UE procedure will most likely be associated with the DL PRS design. However, it does not prevent us from discussing the UE procedure for receiving DL PRS for the positioning measurements.
Timing information for the reception of DL PRS

When NR DL PRSs are transmitted for supporting DL TDOA, it is expected that the cells involved in TDOA positioning are precisely time synchronized. Thus, the UE can base the timing of the neighbouring cells on the timing of the serving cell.
[bookmark: _Toc4656907][bookmark: p1]Proposal 1: When a UE is configured to measure DL PRS for supporting DL TDOA positioning, the UE can assume the timing the neighbouring cells and the timing of the serving cell is synchronized.
For RTT-based positioning, the cells involved in the UE positioning may not necessarily be precisely time synchronized, and the UE may use any DL reference signals for UE Rx-Tx time difference measurements. In this case, the neighbouring cells and serving cell may not be precisely synchronized. However, the UE may still need to have a basic assumption on the time offsets between the cells within certain range to support the UE Rx-Tx time difference measurements from the neighbouring cells.
For NR TDD network, the time offset between the cells is required to be with 3 s as defined in TS 38.133, which should be good enough for supporting the UE Rx-Tx time difference measurements from the neighbouring cells.
For NR FDD network, there is currently no requirement for the time offset between the cells. Thus, there is a need to define the maximum time offset of the neighbouring cells for supporting UE Rx-Tx time difference measurements. Taking CSI-RS measurements for supporting UE mobility as an example, where it is assumed that the absolute value of the time difference of a radio frame between two cells is less than half-frame. In order to support RTT-based positioning, it should be reasonable to have the same assumption. 
[bookmark: _Toc4656908][bookmark: p2]Proposal 2: When a UE is configured to measure DL PRS for supporting NR RTT positioning, the UE can assume the timing offset between the neighbouring cell and the timing of the serving cell is within 3 , if both cells are TDD cells and within half-frame if any of the cells is not TDD cell.
QCL information for the reception of the DL PRS
For the fast detection of the DL PRS, it may also be helpful for supporting the association of the DL PRS with the SSB and provide the information on whether the DL PRS is QCLed with the associated SSB. 
[bookmark: _Toc4656909][bookmark: p3]Proposal 3: DL PRS resource can be configured with the associated SSB. Also, the QCL relationship between the DL PRS resource and the associated SSB can be indicated in DL PRS configuration.
DRX Impact on the reception of the DL PRS
For NR positioning, if the UE is configured with DRX, it needs to be discussed whether the UE is required to perform the measurements of the DL PRS during non-active time. The reception of the DL PRS (e.g., duration, periodicity etc.) and that for the DRX will be configured independently. The DRX ‘ON’ and the time for the cell transmits the DL PRS may not be matched.  In order not missing the window for the detection of the DL PRS, the UE may need to be activated during DRX ‘OFF’ to measure the DL PRS. Thus, there is a need to define whether and when the UE is required to perform measurement of DL PRS resources for UE positioning during DRX ‘OFF’. The requirements may depend on the DL PRS design, DL PRS configuration and also the DRX configuration with the consideration of the balance between the UE power consumption and the positioning performance. 
[bookmark: _Toc4656910][bookmark: p4]Proposal 4: For a UE configured with DRX, it needs to consider on whether the UE is required to be activated to measure DL PRS resources for UE positioning, when the UE is in DRX ‘OFF’ status.
Measurement Gap
[bookmark: _Toc4581412]For a UE in a RRC_CONNECTED state can be configured with up to 4 DL BWPs for a carrier, but only one of them can be activated. The PRS transmitted from a cell is transmitted for supporting all UEs under the cell coverage. That is, the PRS transmission bandwidth is configured independent of the BWP configuration for the UE.  The DL PRS measurement bandwidth may be not covered or not fully covered by activated BWP, or the configured BWPs. In addition, the numerology of the DL PRS transmission may or may not be the same as the numerology of the activated BWP. In these cases, it is expected the measurement gap may need to be configured for supporting the PRS-RSRP. 

[bookmark: _Toc4656911][bookmark: p5]Proposal 5: The measurement gap may need to be configured for DL positioning measurement (e.g., PRS-RSRP, PRS-RSTD, UE Rx-Tx time difference, etc.) for a number of scenarios, such as the bandwidth of DL PRS transmission is not covered by the active DL BWP of the UE, or the numerology of the DL PRS transmission is not the same as the numerology configured for the DL reception of the PDCCH/PDSCH for UE. In addition, it needs further study on whether the UE needs to measure the PRS resource(s) outside of the active DL BWP.


Conclusion
In this contribution, we discussed the NR DL positioning technologies, and made the following proposals:
Proposal 1: When a UE is configured to measure DL PRS for supporting DL TDOA positioning, the UE can assume the timing the neighbouring cells and the timing of the serving cell is synchronized.
Proposal 2: When a UE is configured to measure DL PRS for supporting NR RTT positioning, the UE can assume the timing offset between the neighbouring cell and the timing of the serving cell is within 3 , if both cells are TDD cells and within half-frame if any of the cells is not TDD cell.
Proposal 3: DL PRS resource can be configured with the associated SSB. Also, the QCL relationship between the DL PRS resource and the associated SSB can be indicated in DL PRS configuration.
Proposal 4: For a UE configured with DRX, it needs to consider on whether the UE is required to be activated to measure DL PRS resources for UE positioning, when the UE is in DRX ‘OFF’ status.
Proposal 5: The measurement gap may need to be configured for DL positioning measurement (e.g., PRS-RSRP, PRS-RSTD, UE Rx-Tx time difference, etc.) for a number of scenarios, such as the bandwidth of DL PRS transmission is not covered by the active DL BWP of the UE, or the numerology of the DL PRS transmission is not the same as the numerology configured for the DL reception of the PDCCH/PDSCH for UE. In addition, it needs further study on whether the UE needs to measure the PRS resource(s) outside of the active DL BWP.
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