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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 RAN4#99e meeting, the LS was discussed and no conclusions were reached. The remaining issues were captured in the approved WF [2]. In this paper, we provide further discussions on UE Rx/Tx and/or gNB Rx/Tx timing delay mitigation and give our proposals. 
2 Discussion
2.1 Definition of TEG
From RAN1’s perspective, it is beneficial on mitigating UE/TRP Rx/Tx timing error for UE to provide the association information of RSTD measurements with UE Rx TEG(s) and for TRP to provide the association information of DL PRS resources with Tx TEG(s). So they gave the definition of the TEG and made the agreements supporting UE/TRP to provide the association information. 
But from RAN4’s perspective, we think we should consider the feasibility on the provided approach, for example, whether UE/TRP can have different TEGs and how to differentiate the TEGs. If it is possible to be implemented, then UE/TRP can support to provide the association information. 
The definition of TEG was provided by RAN1 and was discussed in RAN4#99e meeting. The issues raised and discussed in last meeting were captured in [2] as below: 
	· FFS: RAN4 to study if TEG appears static, semi-static or dynamic in TX/RX scenarios considering various front-end parameters and conditions
· FFS: If time variant behavior has effect on TEG association
· FFS: Feasibility study on absolute Tx/Rx timing error estimation in DL-TDOA if TEG changes measurably statically or semi-statically.
· Candidate options
· Option 1: The remaining Rx/Tx time delays after the calibration are unknown to the UE/TRP and therefore cannot be provided
· Option 2: TBA


We have given our analysis on the feasibility in our paper [3] in last meeting.  From the analysis, we think the remaining delays after calibration are unknown to UE/gNB, and the uncalibrated timing delay can only estimated by UE/gNB itself and has been compensated in the measurement results. So the absolute timing error cannot be provided. 
In last meeting, some companies mentioned that the RF margin is added when defining accuracy requirements and the timing error should not be unlimited. But we think the margin is not the upper limit of the timing error in the implementation. Since the accuracy requirements include measurement accuracy and RF margin, and UE/TRP is only required to meet the final requirements. So if UE has a better measurement performance, the RF delay can be larger than the value used for defining accuracy requirements. Of course, we agree that this flexibility is not unlimited and the timing error should be within a certain range, but this only limits the maximum value of the timing error and cannot guarantee that the timing error can be grouped. 
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Based on the discussion above, we think the absolute timing error cannot be used to be grouped into different TEGs and we should consider other approaches, for example based on the 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. 
Proposal 1: The absolute timing error cannot be provided and used to be grouped into different TEGs and we should consider other approaches for TEG grouping. 
The another issue raised in last meeting is the time variant of TEG. According the definition of TEG in RAN1, it is associated to the measurements/transmissions which have the timing errors with a certain margin. In our understanding, if UE/TRP only estimate and compensate the timing delay in the production, it is possible that the timing errors are time-variant due to RF device or environment (such as temperature etc.) change.  But we think the exact timing delay in each measurement is unknown and the TEG cannot be changed based on the timing error change. So the TEG is not necessary to be time variant. The timing error range of each TEG should be constant in a certain scenario. 
Proposal 2: The TEG is not necessary to be time variant. The timing error range of each TEG should be constant in a certain scenario. 
2.2 TEG grouping and applicability
In last meeting, the TEG grouping was also discussed and the candidate options were captured in [2] as below: 
	· FFS
· Candidate options
· Option 1: 
· UE/TRP may group the timing error (with or without calibration) based on RF chains and antenna panel, such that timing errors in the same group are within certain margin
· UE/TRP may not be able to ensure that timing errors are within the same margin 
· Option 2: Discuss and conclude whether UE Rx and UE Tx timing error can be grouped based on antenna panel, RF chain, frequency, baseband sampling rate, SRS antenna switching, etc. 
· Option 3: No grouping according to UE Rx and UE Tx timing errors, rather defining association information for which transmission/reception (chain) the timing error difference between transmissions/receptions are within a margin delta
· Other options not precluded


In our understanding, to support UE to provide the association information of RSTD measurement with TEGs, the UE should be able to group the timing errors based on some principles(such as antenna panels, RF chains etc.). And from RAN1’s conclusion a TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin and UE should report the measurement with a TEG ID. Then in our understanding, the timing error range corresponding to each TEG ID is needed. 
From the UE/TRP implementation, we think it is possible that UE/TRP group the timing error (with or without calibration) based on RF chains and antenna panel such that timing errors in the same group are within certain margin. In such case, UE/TRP can provide the association information of measurement/transmission with Rx/Tx TEGs. But the issue is how to verify the reported information. We think exact timing delay included in measurement is unknown for UE/TRP, the positioning accurate will be worse if using the inaccurate information. If we have no requirements and test on this approach, the positioning accuracy cannot be guaranteed. 
Proposal 3: To support UE/TRP to provide the association information of measurements/transmissions with Rx/Tx TEGs, the timing error grouping and corresponding margin value of each group are needed. 
Proposal 4: It is possible that UE/TRP group the timing error (with or without calibration) based on RF chains and antenna panel such that timing errors in the same group are within certain margin. 
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Based on the discussion above, the draft response LS is provided in the Annex. 
3 Summary
In this paper, we further discuss the UE Rx/Tx and/or gNB Rx/Tx timing delay mitigation and the following proposals are given: 
Proposal 1: The absolute timing error cannot be provided and used to be grouped into different TEGs and we should consider other approaches for TEG grouping. 
Proposal 2: The TEG is not necessary to be time variant. The timing error range of each TEG should be constant in a certain scenario. 
Proposal 3: To support UE/TRP to provide the association information of measurements/transmissions with Rx/Tx TEGs, the timing error grouping and corresponding margin value of each group are needed. 
Proposal 4: It is possible that UE/TRP group the timing error (with or without calibration) based on RF chains and antenna panel such that timing errors in the same group are within certain margin. 
Proposal 5: The testability of this approach on mitigating TRP/UE Tx/Rx timing errors should be considered. 
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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 absolute timing error cannot be provided and used to be grouped into different TEGs and other approaches for TEG grouping should be considered.
· The TEG is not necessary to be time variant. 
· It is possible that UE/TRP group the timing error (with or without calibration) based on RF chains and antenna panel such that timing errors in the same group are within certain margin. But it depends on UE/TRP implementation. 
2	Actions
To RAN WG1 
ACTION: 	RAN4 kindly asks RAN1 to take the conclusions above into consideration.
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