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1	Introduction
In RAN4 99-e, there were discussions on the scope of the new WI and some initial discussions on TEG. Some of the WF [1] are copied below.
	[image: ]
[image: ]
[image: ]
[image: ]
[image: ]



This paper discusses the issues listed above and also provide our view on the other related issues.
2	Discussions
One of the main issues discussed was the feasibility of TEG. In the RAN1 LS [2], the definition of TE and TEG is given as follows.
	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.



According to the definition of TE and TEG, it seems that the relevant impacting factors are at least the RF chains which are actually used for radio transmissions and the antenna panels. Theoretically the TE can be measured and calibrated upon manufacturing and testing of the UE or TRP. However, it’s uncertain whether the TE property will be time-variant and how the drifts would be.
Observation 1: Impacting factors of TE are at least the RF chains which are actually used for radio transmissions and the antenna panels. The property might be time-variant in an unanticipated way.
Further study how to consider the potential time-variant impacts on TE during the lifecycle of the UE or TRP. 
After considering the time-variant factors, we think that the TEG can be defined but there might not be guarantee that timing errors are within a margin. Thus, we support Option 1 from the WF of the last meeting, which is 
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 theoretically. However the UE/TRP may not be able to ensure that timing errors are within the same margin.
The other open issues listed in the WF can wait until RAN4 first conclude on whether the definition of TE/TEG is feasible and how to consider the unanticipated time-variant factors.
The other issue to be considered especially within RAN4 is the testability of this property. Currently in FR1, the tests are conducted which means the TE is connected directly to the antenna connector of the UE and in FR2, the test is over-the-air (OTA). Looking at the definition of TE, it is uncertain how this property can be tested in FR1 when the antenna panel used for actual transmissions is removed from the test.
Observation 2: Currently the tests in FR1 are conducted where the antenna panel used for actual transmission is removed in the test.
Based on this observation, we think that the testability of the property of TE, especially in FR1, needs to be further investigated.
Further investigate the testability of the property of TE, especially in FR1.
As to whether or not to send a reply LS to RAN1, we think that RAN1 has explicitly asked RAN4 for feedback so a reply LS shall be sent after RAN4 concludes on the open issues.
A reply LS shall be sent after RAN4 concludes on the open issues.
3	Conclusion
Observation 1: Impacting factors of TE are at least the RF chains which are actually used for radio transmissions and the antenna panels. The property might be time-variant in an unanticipated way.
Proposal 1: Further study how to consider the potential time-variant impacts on TE during the lifecycle of the UE or TRP. 
Proposal 2: 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 theoretically. However the UE/TRP may not be able to ensure that timing errors are within the same margin.
Observation 2: Currently the tests in FR1 are conducted where the antenna panel used for actual transmission is removed in the test.
Proposal 3: Further investigate the testability of the property of TE, especially in FR1.
Proposal 4: A reply LS shall be sent after RAN4 concludes on the open issues.
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Send reply LS to RAN1 on gNB/UE Rx/Tx timing error mitigation

* Further study TEG feature feasibility to reach conclusion if reply LS is needed and
what to include
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Calibration error/residual timing error after calibration (incl. time variant behavior of timing
error/TEG)

* 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
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« 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
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« Candidate options

+ Option 1: Support TRP to provide association information of DL PRS resources with Tx and
Rx TEG to LMF if TRP has multiple TEG (i.e. different antenna panels or arrays)

+ Option 2: TRP comprising multiple TEG is unlikely, therefore multiple Rx and Tx TEG is not
supported

+ Other options not precluded
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