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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in mitigating UE Rx/Tx and gNB Rx/Tx timing delays. 
Time window for measurement 
For timing based positioning measurement, LMF can request UE to measure DL positioning reference signal through multiple methods. And then, UE can report measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference) to LMF in a single measurement report. gNB/TRP also can report multiple measurement instances in a single measurement to LMF. However, there is currently no requirement to enforce the DL and UL measurements are associated with the same set of DL PRS and UL SRS resources and the same timestamp. Considering it, a following is agreed in the previous meeting [1]. 
	Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.


In addition, TEG (timing error group) is defined to consider impacts on the remaining RX/TX timing delays and the UE/gNB baseband clock offsets. Related agreements are as below:
	Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· 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. 
· 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.



In Figure 1, one exemplary scenario is illustrated when the above-mentioned TEG is applied. In general, each Rx/Tx TEGs for both UE and TRP may change according to the measurement time. 
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[bookmark: Figure2]Figure 1 An illustrative example of timing measurement with different Rx/Tx TEGs at both UE and TRPs.

In this case, even though UE is allowed to report measurement results through multiple methods within configured measurement time window, the measurement result might be composed of multiple result values obtained through different Rx/Tx TEGs at both UE and TRP. From this aspect, the motivation of introducing measurement time window might be ambiguous. To resolve this issue, we think that parameter for signaling or assumption for measurement should be studied. For example, either an assumption for ensuring the same Rx/Tx TEGs at both UE and TRP within the measurement time window or parameter for measurement reporting such as TEG ID or value (e.g. timing margin or offset) in measurement report can be specified.
Observation #1: 
· Considering TEG at both UE and TRP, the measurement result might be composed of multiple result values obtained through different Rx/Tx TEGs even though the measurement time window is configured.
Proposal #1: 
· For timing measurement with different Rx/Tx TEGs, following parameter for measurement report and/or assumption for measurement can be specified
· TEG ID or value (e.g. timing margin or offset) in measurement report
· Ensuring same Rx/Tx TEGs at both UE and TRP within the measurement time window

Reference device with known location
The measurement based on GPS or GNSS has performance limitation (error) depending on GPS/GNSS receiver type/capability. The reference stations is a station where a GNSS receiver is installed at a known location and it is used for compensate the limitation (error) of services. The location is pre-surveyed by either traditional methods or by GNSS observation from multiple days. Similarly, Reference UE and/or gNB are introduced to mitigate the remaining timing error using UE or TRP, and related agreement was made in the previous meeting [1] as follows:
	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


The reference device should guarantee the accuracy and precision for measurement results. The accuracy and precision of measurement results are closely related to the change in the position during pre-survey, and the probability of improving accuracy and precision can be increased if the mobility and/or rotation of the reference device are/is small during the pre-survey.
Observation #2: 
· The probability of improving accuracy and precision can be increased if the mobility and/or rotation of the reference device are/is small during the pre-survey. 
[bookmark: _GoBack]In general, since gNB and UE that are currently discussed as reference device have different characteristics of mobility, associated behavior and reporting contents and/or LPP(a) messages might be different. So, we think it needs to be discussed separately. Considering on the mobility, ‘gNB’ with fixed location seems more suitable for role of reference device. On the other hand, in case of ‘UE’ with mobility, if the mobility and/or rotation of UE may change frequently, UE with mobility could not guarantee the accuracy and precision for measurement result. Nevertheless, if it supports that ‘UE’ is used as 'reference device', it needs to be discussed on condition(s) (e.g., maximum variance in location, maximum variance in received signal power, and measurement window) for determining an UE as reference device. 
Observation #3: 
· ‘gNB’ with fixed location seems more suitable for role of reference device.
· If it supports that ‘UE’ is used as 'reference device', it needs to be discussed on condition(s) (e.g., maximum variance in location, maximum variance in received signal power, and measurement window) for determining an UE as reference device.

Conclusion
In this contribution, we have discussed Rel-17 NR positioning enhancements especially for the mitigation of UE Rx/Tx and gNB Rx/Tx timing delays.
Time window for measurement 
Observation #1: 
· Considering TEG at both UE and TRP, the measurement result might be composed of multiple result values obtained through different Rx/Tx TEGs even though the measurement time window is configured.
Proposal #1: 
· For timing measurement with different Rx/Tx TEGs, following parameter for measurement report and/or assumption for measurement can be specified
· TEG ID or value (e.g. timing margin or offset) in measurement report
· Ensuring same Rx/Tx TEGs at both UE and TRP within the measurement time window

Reference device with known location
Observation #2: 
· The probability of improving accuracy and precision can be increased if the mobility and/or rotation of the reference device are/is small during the pre-survey. 
Observation #3: 
· ‘gNB’ with fixed location seems more suitable for role of reference device.
· If it supports that ‘UE’ is used as 'reference device', it needs to be discussed on condition(s) (e.g., maximum variance in location, maximum variance in received signal power, and measurement window) for determining an UE as reference device.
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