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In RAN plenary #90, the following objective is included [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



In this contribution, a proposal to distribute correction information to improve positioning performance in the presence of timing delays.
UE Rx/Tx and/or gNB Rx/Tx timing delays
Background
As illustrated in Figure 1, timing based methods suffer from inaccuracy in the presence of unknown timing offsets.  In the figure it is assumed that in multi-RTT, there are unknown Tx and Rx filter time offset which needs to be removed in timing measurements both at the gNB and UE to obtain accurate UE position. For timing based approach such as TDOA or multi-RTT, the unknown timing offset at both transmitter and receiver can deteriorate performance significantly.
Distribution of correction information for DL-TDOA
As illustrated in the figure, the source of errors exist at both UE and gNB. It is possible that through implementation-based solutions to estimate the timing offest, they can be corrected at both UE and gNB side, i.e., using a TA like solution to adjust transmission timing. 
However, offsetting PRS transmission timing in advance may impact schedules of other transmissions, possibly affecting coordinated PRS transmission at the network side. If the Tx or Rx filter delays occur unpredictably, dynamic timing adjustments may be needed. Thus, it is preferrable that the UE applies timing offset to the measurements such that no timing offset is applied at the TRP. One solution is to provide the UE correction information related to timing offset at gNB. The distributed timing offset can be used at the UE to correct timing related measurements of PRS. Correction information can be sent to the UE either on-demand basis, periodically or semi-persistent manner. Semi-persistent transmission of correction information may be controlled by a timer or enabled/disabled by MAC-CE.
Observation 1: For DL-based timing based positioning methods, timing offset correction should be applied at the UE 
Proposal 1: Support distribution of correction information from the LMF to assist the UE to remove timing offsets from measurements

 
[bookmark: _Ref61552891]Figure 1 Tx and Rx filter time gap, multi-RTT as an example
Condition for reception of correction information
It is possible that the Rx/Tx filter delay may arise spontaneously. In that case, the UE may measure inconsistent timing information throughout periodic PRS measurements. Thus, correction information may be provided to the UE when the UE measures changes in the measurements such as RSRP or inconsistency in timing information. 
One of the possible exchange of information between UE and gNB is illustrated in Figure 2. For example, after detecting anomalies in the measurement report, the network may request additional measurements from the UE. Such request may be implicit request for the correction information to follow. Based on additional measurements, the network may transmit correction information to the UE. Alternatively, such correction information can be broadcasted to the UEs who receive PRS from the same TRP.
Proposal 2: Support periodic, semi-persistent and on-demand based distribution of timing offset information from the network to the UE 
Proposal 3: For on-demand based distribution of correction information, distribution of timing offset is followed by additional measurement reporting from the UE



[bookmark: _Ref61675916]Figure 2 Signaling between UE and LMF
Conclusion.
The following observations are made in this contribution.

Observation 1: For DL-based timing based positioning methods, timing offset correction should be applied at the UE 
Proposal 1: Support distribution of correction information from the LMF to assist the UE to remove timing offsets from measurements
Proposal 2: Support periodic, semi-persistent and on-demand based distribution of timing offset information from the network to the UE 
Proposal 3: For on-demand based distribution of correction information, distribution of timing offset is followed by additional measurement reporting from the UE

Reference
[1] RP-202900, “New WID on NR Positioning Enhancements,” RAN#90e, Dec. 2020.
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