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1. Introduction
In RAN#90e meeting, new WID on NR Positioning Enhancements is agreed, The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancementsfor improving positioning accuracy, latency, network and/or device efficiency.The specific objectives of this work are:
· 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.
In this contribution, we share our views on enhancements for Rel-17 NR positioning enhancements.
2. Discussions
2.1. [bookmark: _GoBack]Method for reducing Rx/Tx errors and synchronization error
Differential postioning technique
Considering the synchronization error and Rx/Tx Transmission delays of TRPs are the same within a certain time, one method is to introduce reference point of either TRPs or UEs. For the reference TRPs, the synchronization error and Rx/Tx transmission delays can be calculated by comparing mesurement results of the reference TRPs and the real location of reference TRPs, and the synchroniztion error and Rx/Tx transmission delays can be provided to UEs to compensate the synchronization errers and timing delays.  For the reference UEs, the estimated location of reference UEs can be acquired by using either traditional NR positioning procedure. By comparing the estimated location and the real location of reference UEs, the correction data can be acquired and can be stored or forwarded to LMF, the RAN or to the other UEs. Another aspect to be considered is that the positioning technique of TDOA method requires tight synchronization between positioning nodes, but precise timing alignment between positioning nodes cannot be realized in pactical scenario.To eliminate synchronization error and Rx/Tx transmission delays, the network can configure a positioning node to be an anchor node and enable measurements between any of other positioning nodes and this anchor node, then transmits the measurement for use in schedule entity to compensate the synchronization offset.
Proposal 1: Differential positioning technique could be considered to compensate synchronization errer and Rx/Tx transmission delays.
Tx group delay elimination
Considering the receiver side can not know the Tx group delay, the Tx group delay information needs to be sent to the receiver side. for network based positioning, the Tx group delay of UE need to be sent to the network node, on the other hand, for UE based positioning, the Tx group delay of network node need to be sent to the UEs.
[bookmark: p8]Proposal2: Tx group delay needs to be sent to the receiver side.
2.2. AoD/AoA accuracy enhancements
In RAN1# 103e meeting, For positioning methods based on the angular measurements, the positioning accuracy depends directly on the accuracy of the angular measurements. For example, the DL AoD and UL AoA measurement accuracy are related to the orientation uncertainties of the gNB Tx/Rx beams. The positioning accuracy can be improved if the LMF (network-based) and UE(UE-based) can calibrate the orientation uncertainties of the gNB Tx and Rx beams from the angular measurements. Also, the multipath signals may cause significant errors in the UL AoA measurements since the reflected signals may reach the receiver antenna at completely different angles than the LOS angle. 
Beam related accuracy enhancements
For DL-AoD positioning, the UE need to measure multiple RSRP measurements, but the maximize RSRP based beam direction may not necessarily be the LOS path of the signal, there are mainly two methods to solve this problem, the first method is considering timing measurement based DL-AoD technique, the other method is the full beam information can be provided by gNB to caculate the angle based RSRP.

Multipath related accuracy enhancements
To elimiate the multipath related accuracy problem, the first arrival path power measurement can be considered to avoid the problem of angle estimation may be biased, and the measurement window for the first path RSRP need to be identical across beams.

Proposal3: Beam related accuracy and multipath accuracy enhancement need to be further considered.
3. Conclusion
In this contribution, we proposed followings for positioning enhancements.
Proposal 1: Differential positioning technique could be considered to compensate synchronization errer and Rx/Tx transmission delays.
Proposal2: Tx group delay needs to be sent to the receiver side.
Proposal3: Beam related accuracy and multipath accuracy enhancement need to be further considered.
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