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1 Introduction
After RAN1 #104bis-e meeting, a liaison [1] was sent to RAN4 to ask for the feedback on UE/ TRP Tx/Rx timing errors. In this paper, we provide the analysis on the timing error definition and the associations with positioning measurement mentioned in the LS and give our proposals. 
2 Discussion
In LS R4-2107610, RAN1 provides the agreements on mitigating TRP/UE Tx/Rx timing error for TDOA and request the feedback from RAN4. In this section, we give our views on the feasibility of the following approach for mitigating TRP Tx timing error and UE Rx timing error. 
	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements


In our understanding, before we can conclude whether to support UE/TRP to provide the association information of RSTD measurement/DL PRS resources with Tx TEGs to LMF, the definitions and testability of Rx/Tx/RxTx TEGs should be first discussed. We should also need to understand whether and how the information reported can be used for LMF to improve the positioning accuracy. 
From RAN1’s agreements, the Rx/Tx timing errors and Rx/Tx TEGs are defined in RAN1 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. 


From the definition above, the 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. And the UE Tx timing error is defined as the remaining Tx time delay after the calibration, or the uncalibrated Tx time delay from baseband to the antenna. Then the critical issue is how to get and group the Tx timing errors. 
According to the definition of RSTD measurement in 38.215, the reported RSTD is based on the value at the reference point (i.e. antenna connector of UE for FR1 and antenna of UE for FR2). The value is derived considering the calibration of the time delay from baseband to UE reference point. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]If the calibration is implemented in the RSTD measurement and UE Rx timing error is defined as the remaining Rx time delay (i.e. calibration error), LMF can use the reported value to further calibrate the measurement and improve the positioning accuracy. But the issue is the time delay from UE Rx antenna to baseband is estimated and calibrated by UE itself, and will be used by UE to compensate it to RSTD measurement results due to the reference point is antenna connector of UE for FR1 and antenna of UE for FR2. The delay reporting to LMF will not be useful. Furthermore, we all know this calibration is not perfect and the calibration error exists. However, this calibration error cannot be evaluated and UE also has no idea of the exact remaining delay. That’s why we add a margin for calibration error when defining the accuracy requirements. So we think it is unrealistic to derive and group the remaining delays into different Rx TEGs. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]If the UE Rx timing error is defined as the uncalibrated time delay, it can be grouped and reported to LMF by UE. But the same issue is that this time delay can only be estimated by UE itself and is compensated into the reported RSTD measurement results. And the calibration error is included in the reported measurement results. Even if the time delay is reported to LMF, whether and how to use this time delay to improve accuracy may need further study or leave to LMF implementation. 
In our understanding, the issues listed above also apply to the UE Tx TEG, UE/TRP Rx TEG and UE/TRP RxTx TEG.   
Proposal 1: The issues related to the definitions of the timing errors and the Rx/Tx/RxTx TEGs:
· The remaining Rx/Tx time delays after the calibration cannot be evaluated by the UE/TRP. So it is unrealistic for UE/TRP to provide the remaining Rx/Tx time delays;
· FFS: Whether UE/TRP can provide the differences of the remaining Rx/Tx time delays
· If the uncalibrated time delay is used, it can only be estimated by UE/TRP itself and has been compensated to the Rx/Tx reference point. The calibration error (remaining Rx/Tx time delay) is included in the reported measurement. 
· UE/TRP may group the (remaining/uncalibrated) Rx/Tx time delays based on the RF chains and antenna panel used for receiving the DL PRS or transmitting the UL SRS. In this case, the timing errors in the same Rx/Tx/RxTx TEGs will be within the same margin. However, UE/TRP may not be able to ensure the timing errors in different Rx/Tx/RxTx TEGs are not within the same margin. 
· The issue applies to all the definitions of the UE/TRP Rx/Tx/RxTx TEG. 

But for TRP Rx/Tx, if the Rx/Tx TEG can be associated with different antenna panels or different antenna arrays in the same antenna panel, i.e. information of offset of the multiple antenna phase center to the physical antenna center, and the location of each antenna panel or antenna array is provided to LMF, the positioning may be enhanced based on more accurate position of each antenna phase center. This may be a possible solution for enhancing the method of accuracy improving provided in LS, e.g. support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs which are associated with different antenna panels or antenna arrays. And the information to be reported can be further considered in RAN1/2. 
The possible solution is not applied for UE since there is no big difference in the position of different antenna panels. 
Proposal 2: Possible solution for enhancing the method of accuracy improving provided in LS: e.g. support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs which are associated with different antenna panels or antenna arrays. And the solution can also be used for TRP Rx if needed but not applied for UE Rx/Tx. 
Based on the discussion above, the draft response LS is provided in the Annex. 
3 Summary
In this paper, we discuss the UE/TRP Rx/Tx timing error in the LS from RAN1 and the following proposals are given: 
Proposal 1: The issues related to the definitions of the timing errors and the Rx/Tx/RxTx TEGs:
· The remaining Rx/Tx time delays after the calibration cannot be evaluated by the UE/TRP. So it is unrealistic for UE/TRP to provide the remaining Rx/Tx time delays;
· FFS: Whether UE/TRP can provide the differences of the remaining Rx/Tx time delays
· If the uncalibrated time delay is used, it can only be estimated by UE/TRP itself and has been compensated to the Rx/Tx reference point. The calibration error (remaining Rx/Tx time delay) is included in the reported measurement and may be also in the uncalibrated time delay. 
· UE/TRP may group the (remaining/uncalibrated) Rx/Tx time delays based on the RF chains and antenna panel used for receiving the DL PRS or transmitting the UL SRS. In this case, the timing errors in the same Rx/Tx/RxTx TEGs will be within the same margin. However, UE/TRP may not be able to ensure the timing errors in different Rx/Tx/RxTx TEGs are not within the same margin. 
· The issue applies to all the definitions of the UE/TRP Rx/Tx/RxTx TEG. 
Proposal 2: Possible solution for enhancing the method of accuracy improving provided in LS: e.g. support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs which are associated with different antenna panels or antenna arrays. And the solution can also be used for TRP Rx if needed but not applied for UE Rx/Tx. 
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1	Overall description
In LS R4-2107610, RAN1 provides the following agreements on mitigating TRP/UE Tx/Rx timing error for TDOA and request the feedback from RAN4. 
	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements


RAN4 discussed the agreements above and the definition of UE/TRP Tx/Rx/RxTx TEG provided in the LS, and the following views are provided from RAN4 side: 
· The issues related to the definitions of the timing errors and the Rx/Tx/RxTx TEGs:
· The remaining Rx/Tx time delays after the calibration cannot be evaluated by the UE/TRP. So it is unrealistic for UE/TRP to provide the remaining Rx/Tx time delays;
· FFS: Whether UE/TRP can provide the differences of the remaining Rx/Tx time delays
· If the uncalibrated time delay is used, it can only be estimated by UE/TRP itself and has been compensated to the Rx/Tx reference point. The calibration error (remaining Rx/Tx time delay) is included in the reported measurement. 
· UE/TRP may group the (remaining/uncalibrated) Rx/Tx time delays based on the RF chains and antenna panel used for receiving the DL PRS or transmitting the UL SRS. In this case, the timing errors in the same Rx/Tx/RxTx TEGs will be within the same margin. However, UE/TRP may not be able to ensure the timing errors in different Rx/Tx/RxTx TEGs are not within the same margin. 
· The issue applies to all the definitions of the UE/TRP Rx/Tx/RxTx TEG. 
· And the following possible solution is provided for enhancing the method of accuracy improving provided in LS: 
· Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs which are associated with different antenna panels or antenna arrays. And the solution can also be used for TRP Rx if needed but not applied for UE Rx/Tx. 
2	Actions
To RAN WG1 
ACTION: 	RAN4 kindly asks RAN1 to take the conclusions above into consideration.
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