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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]
· DL, UL and DL+UL positioning methods
· 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
At RAN1#104 meeting, UE Rx/Tx errors were discussed. RAN1 agreed on a definition of timing errors:
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
In addition, RAN1 introduced the concept of Timing Error Group (TEG):
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
And the following agreements are approved:
Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI

In this section, we will discuss UE/TRP calibration, TEG and corresponding impacts on the measurement for positioning.
 UE/TRP calibration
As indicated in the timing error definition, even with implementation based self-calibration, there are still impairments that are present due to a variety of reasons (e.g., oscillator drift, temperature variations, etc.). Thus, it is desirable to perform further improvement in order to compensate for these impairments.
One possible way to compensate for these errors is to perform UE calibration as pointed out in the agreement. For instance, one can place the UE at a known location where the propagation delays from neighbouring TRPs to the UE can be obtained based on DL-PRS measurement. By comparing the measured time difference to the actual known time difference, the UE is able to calibrate itself and correct its timing errors. Such a process is useful and can significantly improve positioning accuracy, especially for the UEs that are expected to perform high-accuracy positioning.

Observation 1: it is beneficial to allow calibration based on known location for UE. 

Similar to the UE, the TRP may also suffer impairments that may require calibration from time to time. Thus, it is also beneficial to have the TRP being able to perform calibration operation.
One simple way for the TRP to calibrate is to have UEs providing information to the TRPs in a similar way that for UE calibration: the UE is at a known location sending the SRS-pos to the TRP. The TRP performs the necessary measurements, e.g., the time difference. By comparing the TRP measurements to the exact known values (e.g., known time difference), TRP could determine the potential timing error. With this calibration, the UL based positioning or MRTT positioning method could be improved.
Observation 2: it is beneficial to allow calibration based on known location for TRP.  
With the derived timing error, there could be two directions of how to use it. One direction is to keep the time error value at TRP or UE side. When they need to report the timing difference value, they can automatically compensate the time error to derive the final reported value. Another way is to report the time error to LMF (or the functionality who does the calculation of positioning eventually), so the error can be compensated by LMF. 
Proposal 1: 
· At least calibration based on a known  location is supported for UE and gNB. 
· The derived timing error can be compensated at TRP, or UE, or LMF. 
TEG
Several factors can affect the values of UE Rx/Tx timing error for positioning. For UE reception, the sources of the timing error come from either the time delay from antenna elements (RF) to the first stage of baseband (ADC), which may be frequency and temperature dependent, or the time delay on digital front end (DFE) processing after ADC, which is bandwidth dependent. Furthermore, for both narrow and broad beam configurations, dynamic UE antenna array phase center offset may be a sizable contributor to the timing errors. These antenna array phase offsets can be seen as the timing delays that are dependent on the form factor of the device, antenna panel used, the beam configuration and the angle of the received/transmitted signal. The above timing error contributors for UE reception are illustrated in Figure 1.Thus, if UE reports the capability for supporting TEG, such capability can also depend on UE processing bandwidth, carrier frequency, and beam configuration. 


[bookmark: _Ref68172987]Figure 1: Illustration for timing errors at UE reception.
Regarding whether to standardize the timing error (and TEG), it is valuable to have such a concept standardized in our opinion. There could be two types of usage on the TEG. One  is to use the UE antenna panel index to differentiate TEGs, i.e., if two measurements are obtained through the signals received/transmitted at the same antenna, then  these two measurements can be regarded as associated with the same TEG. The measurements which belong to the same TEG usually contain roughly the same timing errors, which can be mitigated by LMF. On the other hand, depending on UE implementation and different configuration, sometimes the timing error corresponding to the same antenna panel can vary.  To further capture the relationship between timing error and TEG, one can use the TEG as a class of thresholds to differentiate multiple timing errors. For example, the TEG index can be defined according to the timing error range contained in the reported measurement as shown in Table 1. 
[bookmark: _Ref66698955]Table 1: TEG defined according to the value ranges of timing error
	Timing error (TE) contained in
 the measurement
	TEG Index

	TE < T1 
	0

	T2≤ TE < T3
	1

	T3≤ TE < T4
	2

	TE ≥ T4
	3

	Note: T1, T2, T3, T4 values can be determined by RAN4 or configured by LMF. 



Observation 3: it is beneficial to standardize TE/TEG based concept.  
Proposal 2: RAN1 further considers TEG with the two following options:
· Option1: The TEG can be defined to indicate antenna panel index, i.e., two measurements associated with the same TEG means that these measurements are obtained at the same antenna panel.
· Option2: The TEG index can be supported as an indicator for the value range of RX/TX timing errors associated reported measurement.
TA enhancement in E-CID
In the E-CID method supported for R15, which is similar to the 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, the 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 the granularity of the TA is quite coarse, which affects the accuracy. 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 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 4: Further refinement on the granularity of the TA command to the sub-Ts level would be helpful for the timing accuracy improvement.
Proposal 3: Improve the TA granularity 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 5: 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 6: Potential specification effort for UL/DL positioning in RRC inactive state can be acceptable. 
Proposal 4: 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: it is beneficial to allow calibration based on known location for UE. 
Observation 2: it is beneficial to allow calibration based on known location for TRP.  
Proposal 1: 
· At least calibration based on a known  location is supported for UE and gNB. 
· The derived timing error can be compensated at TRP, or UE, or LMF. 
Observation 3: it is beneficial to standardize TE/TEG based concept.  
Proposal 2: RAN1 further considers TEG with the two following options:
· Option1: The TEG can be defined to indicate antenna panel index, i.e., two measurements associated with the same TEG means that these measurements are obtained at the same antenna panel.
· Option2: The TEG index can be supported as an indicator for the value range of RX/TX timing errors associated reported measurement.
Observation 4: Further refinement on the granularity of the TA command to the sub-Ts level would be helpful for the timing accuracy improvement.
Proposal 3: Improve the TA granularity for TA report in E-CID. 
Observation 5: Positioning in RRC inactive state can be considered as one enhancement direction of Rel-17 enhanced positioning. 
Observation 6: Potential specification effort for UL/DL positioning in RRC inactive state can be acceptable. 
Proposal 4: Positioning in RRC inactive state should be supported. 
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