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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#90-e meeting, the Rel-17 WID of NR positioning enhancement we have the following conclusions on NR Positioning [1]:
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In this contribution, we will propose our views on the first bullet, potential enhancements to mitigate the timing delays of UE Rx / TX and gNB Rx / TX.
[bookmark: _Ref129681832]Discussion on Rx/Tx timing delays 
For the time-based positioning method, the accuracy of arrival time will directly affect the positioning accuracy. Therefore, in order to support the positioning accuracy in Rel-17, it is necessary to eliminate or compensate the delay error between the antenna and the baseband processor to improve the positioning accuracy.


Figure 1 Rx/Tx timing delays model
Referring to figure 1, in NR DL positioning method, the arrival time of DL PRS resource of different TRPs measured by different UEs can be expressed as:




Obviously, if the DL-TDOA positioning method is used, the timing delay of UE can be effectively eliminated. The principle is shown in the following formula：


[bookmark: _Hlk67739462]Observation 1: The Rx  timing delay of UE has no effect on the performance of DL RSTD measurement, but the TX timing delay of TRPs will lead to additional errors.
If we want to eliminate Tx timing delay of TRPs to get accurate transmission delay, double difference mode in GNSS system will be a good enlightenment. Its basic idea is to eliminate the satellite clock error by difference between satellites, and to eliminate the receiver clock error by the difference between a rover station and a base station whose exact position is known.

Observation 2: The Rx timing delay of UE and the TX timing delay of gNB can be eliminated by double difference.
Therefore,  can be calculated by measuring the DL RSTD of a UE with a certain location, and transmitted from NR-RAN node to LMF via NRPPa. When the unknown location UE requests the location service, it can eliminate the TX timing delay of gNB by accepting the value of the from LMF to UE via LPP.
Proposal 1: A calibration UE with the known position is introduced to reduce the gNB timing error.
[bookmark: _Hlk60832504]Proposal 2: For DL TDOA method, the transfer of Tx timing delays of TRPs from NR-RAN node to LMF via NRPPa. 
Proposal 3: For UE-based DL-TDOA method, the signaling of the Tx timing delays of  TRPs from LMF to UE via LPP. 
Conclusions
In this contribution, we present our views on the additional scenarios for evaluation. Based on the discussion, we have the following observations and proposals:
Observation 1: The Rx timing delay of UE has no effect on the performance of DL RSTD measurement, but the TX timing delay of TRPs will lead to additional errors.
Observation 2: The Rx timing delay of UE and the TX timing delay of gNB can be eliminated by double difference.
Proposal 1: A calibration UE with the known position is introduced to reduce the gNB timing error.
Proposal 2: For DL TDOA method, the transfer of Tx timing delays of TRPs from NR-RAN node to LMF via NRPPa. 
[bookmark: _GoBack]Proposal 3: For UE-based DL-TDOA method, the signaling of the Tx timing delays of  TRPs from LMF to UE via LPP. 
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