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Introduction
In RAN#90-e meeting, a new work item for NR positioning enhancements was approved [1], in which the motivation to support positioning enhancements to attain Rel-17 target positioning requirement was justified for both commercial and IIoT use cases.
The objectives of this new work item are to specify solutions to provide higher accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.), where the RAN1 centric objectives are listed as follows:
	[bookmark: _Hlk57059510]RAN1 centric objectives:
· 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 discuss on the solutions to mitigate the gNB/UE Rx/Tx timing delays to enhance the positioning accuracy.
Discussion
In the study item phase, the evaluation results shown that for the timing-based positioning methods (including DL/UL-TDOA and multi-RTT), the NW synchronization errors and/or the Rx/Tx timing delay (i.e., the RF to BB group delay) have significant impact on the positioning accuracy [2]. 
· DL/UL-TDOA
Taking DL-TDOA positioning as an example, as shown in Figure 1, the RSTD of TRP1 and TRP2 measured at the UE can be written as:








where,  is the ideal RSTD,  and  are the Tx timing delay at TRP1 and TRP2, respectively, and  is the Rx timing delay at the UE, and  is the NW synchronization error between TRP1 and TRP2. Since RSTD is the differential propagation delay, the  can be naturally deleted. Similarly, for the UL-TDOA, the Tx timing delay at the UE is subtracted from the measurement errors as well.
[image: ]
Figure1: RSTD measured at the UE and TRP3
Hence, to enhance the positioning accuracy of the TDOA-based method, the Tx/Rx timing delay difference of the TRPs, along with the NW synchronization error should be estimated and compensated. Though estimation/calibration of NW synchronization error is not included in the WI scope, since a unified solution can be designed, it is also discussed in the following.


Suppose that the distance between TRP1 and TRP3 is , and between TRP2 and TRP3 is , then the RSTD measured at TRP3 can be written as:


Note that the geographical locations of TRPs are known to the LMF, meaning that the distances and propagation delays between any two TRPs can exactly be calculated. Therefore, the Tx/Rx timing delay differences along with the NW synchronization error can be estimated and compensated when calculating UE locations.
Proposal 1: For TDOA-based positioning, a unified framework to estimate Tx/Rx timing errors and NW synchronization error can be defined.
Proposal 2: Support the measurement and reporting among the TRPs to estimate the timing errors.
· Multi-RTT
Compared to the TDOA-based positioning, the pros of the multi-RTT is that it is robust against the NW synchronization error. However, the multi-RTT still suffers from the gNB/UE Rx/Tx group delays. 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.
Note that the timing errors only matters to the timing-based positioning techniques, while the positioning results of the angle-based methods are robust against these errors. Therefore, one straightforward way is to jointly use multi-RTT and UL-AoA to improve the positioning accuracy. 
Proposal 3: Support the enhancement of jointly using timing-based and angle-based method to improve the accuracy in the presence of Rx/Tx transmission delays.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss solutions to mitigate the gNB/UE timing errors, and the following proposals are provided:
Proposal 1: For TDOA-based positioning, a unified framework to estimate Tx/Rx timing errors and NW synchronization error can be defined.
Proposal 2: Support the measurement and reporting among the TRPs to estimate the timing errors.
Proposal 3: Support the enhancement of jointly using timing-based and angle-based method to improve the accuracy in the presence of Rx/Tx transmission delays.
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