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[bookmark: _Ref4510574]Introduction
In 3GPP RAN#90-e, a work item for Rel-17 NR positioning enhancements was approved. The objectives of Rel-17 positioning WI, mainly RAN1-centric as RAN2 is still in SI phase, is to specify solutions to enhance positioning accuracy, as it can be found below [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.

Further, it was agreed in RAN1#103-e that [2]:
Agreement:
Capture the following in the TR:
· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or and gNB Rx/Tx timing delays are recommended for normative work, including 
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Note: The details of the solutions are left for further discussion in normative work.


Agreement:
Capture the following in the TR:
The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA is recommended for normative work for network-based positioning solutions.
· DL-AoD is recommended for normative work for UE-based and network-based (including UE-assisted) positioning solutions.


Agreement:
Capture the following in the TR:
Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further, and if needed, specified during normative work for improving positioning accuracy.
· Note: The details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.

In this contribution, we present our views on potential techniques and required signalling to enhance NR positioning accuracy under timing errors at UE and/or TRP(s), and also group delays at UE (and gNB) reception/transmission.


Accuracy Enhancements for Timing-Based Positioning Techniques
Timing error may result from different sources depending on the positioning technique and the positioning method. For the timing-based positioning techniques (TDOA, m-RTT), timing error may have the following components:
· Synchronization error:
· between UE and TRP(s) and/or between TRPs
· Group timing delay:
· from RF to baseband in reception and vice-versa in transmission. This error is introduced independently at UE and TRP, where for either UE and/or gNB, the Rx and Tx errors can be different

In general, there is no need for UE or the network to distinguish different timing error components, rather an estimation of the accumulated error is sufficient. Besides, not all the timing error components matter in the timing-based positioning measurements. For example, for DL-TDOA positioning technique, synchronization error at UE, if any, is cancelled once DL-RSTD is measured. In addition, if we assume group delay from antenna to baseband at UE receiving from different TRPs is the same, then UE Rx group delay is also canceled in RSTD measurement. More precisely, for DL-TODA technique, synchronization error between each pair of TRPs in RSTD measurement still impacts the positioning accuracy where for each TRP, TRP’s synchronization error is added to TRP’s Tx group delay. A similar discussion is hold for UL-TDOA and multi-RTT techniques, where some timing errors may be cancelled or added to other error components, depending on the positioning technique.

We note that in Rel-16, such timing errors are simply left without specific corrections within the process of timing-based positioning measurements. But in Rel-17 and with the aim of sub-meter positioning accuracy, a precise estimation of effective timing error is required, since any left timing errors will impact the positioning accuracy. Observed by several contributions in RAN1 103-e too, UE/Network calibration is a simple solution to estimate the effective timing error once a high accuracy in positioning is desired. This technique is commonly known as differential positioning in GNSS, where the high accuracy is achieved based on reference points with locations exactly known to the network. 

As an example of UE/network calibration procedure, consider DL-TDOA positioning technique where a UE with known position is introduced and DL-RSTD measurement from this UE is compared against the ideal measurement. The difference shows the effective timing error that needs to be corrected. Mathematically, if the synchronization difference between a pair of TRPs in DL-RSTD is given by , transmission delay between baseband and antenna in TRP1 and TRP2 is respectively given by  and , then it is easy to show that the effective timing error is given by (see [3] for example), . A similar argument is hold for UL-TDOA and multi-RTT techniques. 

Based on the above discussion, we make the following proposal:   

Proposal 1: In order to estimate and correct the effective timing error, support in Rel-17 timing calibration, using reference points (UE/gNB) with precise location information known to the network.  


Conclusions
In this contribution, we provided our thoughts on potential techniques to enhance the positioning accuracy for the NR timing-based positioning techniques. Based on views shared in this paper, we make the following proposals:

Proposal 1: In order to estimate and correct the effective timing error, support in Rel-17 timing calibration, using reference points (UE/gNB) with precise location information known to the network.  
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