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Introduction
At the early stage of R17 WI, RAN1 studied the solution and feasibility of introducing the positioning reference point (PRU) with known location to mitigate the UE/gNB Rx/Tx timing errors and to further improve the positioning accuracy. The following agreement was made in RAN1#105-e meeting [1]:
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
· RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
· Notes: 
· The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
· PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
2. Transmit the UL SRS signals for positioning
· PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.


As no specification impact was identified in RAN1, RAN1 sent a LS to RAN2 and RAN3, asking them to determine whether PRU can be supported and to identify specification impact if supported [2].
RAN2 replied the LS to RAN1 to request further clarifications [3]:
RAN2 kindly asks RAN1 whether the LMF determined "correction information" obtained from PRU measurements need to be provided to target UEs for UE-based mode of operation, and if so, kindly asks RAN1 to provide further details on the specific "correction information" which need to be provided to target UEs.
RAN2 also kindly asks RAN1 to provide further details on the "PRU antenna orientation information" which should be provided to an LMF.
In this contribution, we provide our views on the question.

Discussion
Enabling a PRU to mitigate timing errors and improve the positioning accuracy should be applicable to both UE-assisted and UE-based positioning. 
For a target UE uses UE-based positioning, since the positioning UE computes its location by itself, additional information with respect to the timing errors should be known to the UE for further mitigation and compensation. Signalling enhancements to allow the LMF to deliver the correction information to UEs adopting UE-based positioning should be supported. 
Proposal 1: Support LMF to provide correction information of timing errors to a target UE using UE-based positioning.

Regarding the detailed “correction information”, it is analysed for different timing-based positioning method:
· DL-/UL-TDOA
Taking DL-TDOA positioning as an example, as shown in Figure 1, the RSTD of TRP1 and TRP2 measured at a UE can be written as:








where,  is the ideal RSTD,  and  are the Tx timing errors at TRP1 and TRP2, respectively, and  is the Rx timing error at the UE, and  is the NW synchronization error between TRP1 and TRP2. Since RSTD is the differential propagation delay, if the UE measures the DL PRS from two TRPs using the same Rx TEG, then the  can be naturally deleted. Similarly, for the UL-TDOA, the Tx timing error at the UE (that transmitted with the same Tx TEG) is subtracted from the measurement errors as well.
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Figure1: RSTD measured at the UE and the reference device
Hence, to enhance the positioning accuracy of the TDOA-based method, the Tx/Rx timing error difference of the TRPs (unified with the NW synchronization error) should be estimated and compensated.


Suppose that the distance between TRP1 and the reference device is , and between TRP2 and the reference device is , then the RSTD measured at the reference device can be written as:


Note that the geographical locations of TRPs and the reference device are known, meaning that the distances and propagation delays between any two can exactly be calculated. Therefore, the Tx/Rx timing error differences can be estimated and compensated when calculating UE locations.
· Multi-RTT
Compared to the TDOA-based positioning, the multi-RTT suffers from both the UE and gNB Rx/Tx timing errors. To be specific, the RTT between TRP1 and the UE is obtained as:





where,   is the Tx and Rx timing errors at TRP1, and  is the Tx and Rx timing errors at the UE. Unlike the TDOA-based methods, for the multi-RTT, it is the  that is hard to estimate. One potential solution to estimate/calibrate the timing errors that matters is to using the differential multi-RTT, which is equivalent to TDOA-based positioning. To be specific, with the assumption that the UE Rx and Tx timing error is within the same Rx and Tx TEG, the gNB Rx and Tx timing error difference can be estimated using the reference device, and then be calibrated when calculation of UE locations.
With the above analysis, the correction information should include the positioning method or positioning measurement used at the LMF to obtain the timing errors, and the specific timing error values. 
Proposal 2: The correction information should include the positioning method or positioning measurement used at the LMF to obtain the timing errors, and the specific timing error values

Conclusions
In this contribution, we provide our views on questions for PRU requested by RAN2, and the following proposal are made:
Proposal 1: Support LMF to provide correction information of timing errors to a target UE using UE-based positioning.
Proposal 2: The correction information should include the positioning method or positioning measurement used at the LMF to obtain the timing errors, and the specific timing error values
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