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Introduction
In the approved new WI for positioning enhancement [1], one important direction is to refine the timing based estimation.•	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]
o	DL, UL and DL+UL positioning methods
o	UE-based and UE-assisted positioning solutions


This contribution discusses the accuracy improvements on timing based positioning solutions especially the timing advance report in E-CID method and the consideration for handling timing error . Besides, we also have some consideration of positioning in RRC inactive state.
Handling of Timing error
For timing based positioning method, the measured time of arrival directly affects the positioning accuracy. On the UE side, the time delay between antenna and base-band processor included in the timing report for positioning is considered as UE Rx/Tx time error, which can create negative impacts to the positioning accuracy. Especially in FR2, UEs typically have multiple antenna panels and the corresponding Rx/Tx chains may have different delays primarily due to differences in filter group delays. For supporting sub-meter positioning accuracy in Rel-17, it is a necessity to remove or compensate these timing errors to improve the positioning accuracy.
[bookmark: _GoBack]To mitigate the UE Rx/Tx timing delays, UE can estimate its own Rx/Tx timing error level up to some threshold for every antenna panel. The value of UE Rx/Tx timing error can be different for different positioning method, i.e., for DL-TDOA positioning, the error is quantified as the difference between the two UE Rx timing errors from two different TRPs, while for Multi-RTT positioning the error is calculated as sum of UE Rx timing error and Tx timing error. UE with different capability can report its capability for the Rx/Tx error estimation. If UE can estimate the Rx/Tx timing error with sufficient accuracy, UE can eliminate the timing error from the RSDT measurement or UE Rx-Tx timing measurement. For UE without the capability Rx/Tx timing error correction, they can report which antenna panel is used for PRS reception and/or SRS transmission to LMF. With such information, LMF can know which two measurements have the common group delay and the corresponding timing error level, and this can be helpful for LMF to improve positioning performance, e.g., rule out the measurement with potentially large timing error level. 
Proposal 1: For UE Rx/Tx timing error mitigation, UE can report the capability for the Rx/Tx timing error estimation and correction. For UEs without the capability of Rx/Tx timing error correction, they can report the antenna panel index associated with PRS reception and SRS transmission to LMF.

TA enhancement in E-CID
In the E-CID method supported for R15, which is also LTE E-CID, the timing advance is reported. In Rel16, the Rx-Tx time difference based method is introduced to be reported in E-CID measurement results. Both types of methods are actually trying to estimate the RTT between the gNB(TRP) and UE. 
For TA information acquired from RACH procedure is actually using the one transmission and estimate the RTT based on the peak difference estimated from received preamble sequence. This method is faster and simpler than the Rx-Tx time difference method, however, it suffers from the granularity of the TA is quite loosen. Thus, the reported TA value cannot provide very accurate positioning estimation.  
Table 1. Granularity of TA command 
	Subcarrier Spacing (kHz) of the uplink transmission
	Unit 

	15
	16*64 Tc520ns

	30
	8*64 Tc260ns

	60
	4*64 Tc130ns

	120
	2*64 Tc65ns



Note:  seconds.
Even with the finest granularity which is around 2Ts (65ns), the positioning error range could be around 19.5/2=9.7m, which doesn’t satisfy the requirement for R17 positioning. Note that the Ts=64*Tc is the distinguish granularity for LTE design and since the larger BW and larger FFT size could be used in the NR system, the further refinement on the granularity of the TA command to the sub-Ts level could be quite helpful for the timing accuracy improvement. For example, if the TA granularity is enhanced to be Ts/16=4Tc~2ns level, the positioning error range could be down to 0.6/2=0.3m, which is quite appealing. 
Observation 1: Further refinement on the granularity of the TA command to the sub-Ts level could be quite helpful for the timing accuracy improvement.
Proposal 2: Improving the TA granularity should be support for TA report in E-CID. 
Positioning in RRC inactive state
Positioning in RRC inactive state was actively discussed in the study item phase in both RAN1 and RAN2, which can provide flexible positioning in any time without RRC connection setup to save UE power consumption and signaling overhead. For Rel-17 enhanced positioning, support of positioning in RRC inactive state can be considered as one enhancement direction since it can reduce positioning latency and improve network and device efficiency.
Observation 2: Positioning in RRC inactive state can be considered as one enhancement direction of Rel-17 enhanced positioning. 
To support DL positioning in RRC inactive state, there are at least three issues to be considered. The first issue is that how to acquire PRS configuration used in RRC inactive state. For this issue, the directional solution is to acquire PRS configuration via RRC release message, which is similar to UL Small Data Transmission (SDT) in RRC inactive state being discussed in RAN2. The second issue is that when to receive PRS to perform DL positioning measurement. For this issue, possible solution can be to periodically monitor an indicator to activate DL positioning measurement. To avoid frequent wake-up for UE power consumption reduction, the activation indicator may be related to PO. The third issue is that how to report DL positioning measurement result. For this issue, the solution can be to directly reuse UL SDT which is being specified in RAN2. Considering the three issues, the overall specification effort can be acceptable and just focuses on specifying activation mechanism of DL positioning measurement.
Similarly, to support UL positioning in RRC inactive state, there are at least two issues to be considered. The first issue is that how to acquire SRS configuration used in RRC inactive state. As PRS configuration, SRS configuration can be provided via RRC release message. The second issue is that when to perform SRS transmission. Similar to DL positioning, an indicator to activate SRS transmission can be related to PO. In addition, valid TA should be maintained for SRS transmission. Different from DL positioning, UL positioning measurement result is delivered to LMF from gNB and needn’t to be delivered to UE. So, the overall specification effort can be acceptable as DL positioning.
Observation 3: Potential specification effort for UL/DL positioning in RRC inactive state can be acceptable. 
Proposal 3: Positioning in RRC inactive state should be supported. 
Conclusion
This contribution discusses the accuracy improvements on timing based positioning solutions. Observations and proposals are summarized as follows: 
Observation 1: Further refinement on the granularity of the TA command to the sub-Ts level could be quite helpful for the timing accuracy improvement.
Observation 2: Positioning in RRC inactive state can be considered as one enhancement direction of Rel-17 enhanced positioning. 
Observation 3: Potential specification effort for UL/DL positioning in RRC inactive state can be acceptable. 
Proposal 1: For UE Rx/Tx timing error mitigation, UE can report the capability for the Rx/Tx timing error estimation and correction. For UEs without the capability of Rx/Tx timing error correction, they can report the antenna panel index associated with PRS reception and SRS transmission to LMF.
Proposal 2: Improving the TA granularity should be support for TA report in E-CID. 
Proposal 3: Positioning in RRC inactive state should be supported. 
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