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1	Introduction
The current definitions in the running CR for 38.305 and 37.355 for various Timing Error Group (TEG) are still vague and unclear. In this contribution we provide a text proposal for the definition of various TEGs based on the definitions used in RAN1 during their discussions on TEG assistance information solution as a timing error/delay mitigation latency enhancement.
2	Discussion
2.1	Background
In the current running CR for 38.305 in R2-2201815, only the following definitions related to TEG are captured in clause 3.1. These definitions are incomplete without defining what actually is a TEG and what it’s association to measurements and reference signals is. This issue was raised during the review of running CRs and during open issues list discussions.
	3.1	Definitions
<skip other text>
UE Rx Timing Error Group (UE Rx TEG): A UE Rx TEG  is associated with one or more DL timing measurements, which have the Rx timing error difference within a certain 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, which have the ‘Rx timing errors+Tx timing errors’ difference within a certain margin.
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 error difference within a certain margin.
TRP Rx Timing Error Group (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL timing measurements, which have the Rx timing error difference 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, which have the ‘Rx timing errors+Tx timing errors’ difference 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 error difference within a certain margin.



2.2	Proposal for new definitions
The following definitions were agreed by RAN1 in RAN1#104-e as a basis for their discussion of timing errors which led to the TEG concept. 
	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.




Although RAN1 did not agree to include these definitions in RAN1 specifications, it is a valuable information as a basis for capturing definitions in RAN2 stage-2 and stage-3 specifications. Shown below are some additional new definitions to be added to clause 3.1 in TS 38.305 and possibly in TS 37.355 and TS 38.331:
Proposal 1: RAN2 to discuss the following text proposals for definitions of timing errors, timing delays and different TEGs and capture the definitions in clause 3.1 in TS 38.305:
	Tx timing error: Result of Tx time delay (defined below) involved in the transmission of a signal. It is the uncalibrated Tx time delay, or the remaining delay after the TRP/UE internal calibration/compensation of the Tx time delay, involved in the transmission of the DL PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE and may also possibly consider the offset of the Tx antenna phase centre to the physical antenna centre
Tx time delay: From a signal transmission perspective, the 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
Rx timing error: Result of Rx time delay (defined below) involved in the reception of a signal before reporting measurements that are obtained from the signal. It is the uncalibrated Rx time delay, or the remaining delay after the UE/TRP internal calibration/compensation of the Rx time delay, involved in the reception of the DL PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same UE/TRP and may also possibly consider the offset of the Rx antenna phase centre to the physical antenna centre
Rx time delay: 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
UE Tx ‘timing error group’ (UE Tx TEG): Tx timing errors, associated with UE transmissions on one or more UL SRS resources for positioning purpose, that are within a certain margin
UE Rx ‘timing error group’ (UE Rx TEG): Rx timing errors, associated with UE reporting of one or more DL measurements (RSTD), that are within a certain margin
UE RxTx ‘timing error group’ (UE RxTx TEG): Rx timing errors and Tx timing errors, associated with UE reporting of one or more UE Rx-Tx time difference measurements and one or more UL SRS resources for positioning purpose, that are within a certain margin
TRP Tx ‘timing error group’ (TRP Tx TEG): Tx timing errors, associated with TRP transmissions on one or more DL PRS resources, that are within a certain margin
TRP Rx ‘timing error group’ (TRP Rx TEG): Rx timing errors, associated with TRP reporting of one or more UL measurements, that are within a certain margin
TRP RxTx ‘timing error group’ (TRP RxTx TEG): Rx timing errors and Tx timing errors, associated with TRP reporting of one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, that are within a certain margin



Another issue that RAN2 should take note here is, the definition TRP RxTx Timing Error Group (TRP RxTx TEG) and UE RxTx Timing Error Group (UE RxTx TEG) that is currently captured in the running CR for 38.305 in R2-2201815 is not aligned with the original RAN1 definitions. RAN2 assumed the references to SRS and PRS in these definitions were an error and hence modified the definitions of these two TEGs in the running CR for 38.305. However, it is our understanding that RAN1 definitions were intentional, and it is what RAN1 consciously agreed. 
Proposal 2: RAN2 should add to the list of inputs required from RAN1 a request for clarification for the definitions TRP RxTx Timing Error Group (TRP RxTx TEG) and UE RxTx Timing Error Group (UE RxTx TEG) by sending the above text proposals for clause 3.1 of TS 38.305 to RAN1.
3	Conclusion
This document has made the following proposals:
Proposal 1: RAN2 to discuss the following text proposals for definitions of timing errors, timing delays and different TEGs and capture the definitions in clause 3.1 in TS 38.305:
	Tx timing error: Result of Tx time delay (defined below) involved in the transmission of a signal. It is the uncalibrated Tx time delay, or the remaining delay after the TRP/UE internal calibration/compensation of the Tx time delay, involved in the transmission of the DL PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE and may also possibly consider the offset of the Tx antenna phase centre to the physical antenna centre
Tx time delay: From a signal transmission perspective, the 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
Rx timing error: Result of Rx time delay (defined below) involved in the reception of a signal before reporting measurements that are obtained from the signal. It is the uncalibrated Rx time delay, or the remaining delay after the UE/TRP internal calibration/compensation of the Rx time delay, involved in the reception of the DL PRS/UL SRS signals. The calibration/compensation may also include the calibration/compensation of the relative time delay between different RF chains in the same UE/TRP and may also possibly consider the offset of the Rx antenna phase centre to the physical antenna centre
Rx time delay: 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
UE Tx ‘timing error group’ (UE Tx TEG): Tx timing errors, associated with UE transmissions on one or more UL SRS resources for positioning purpose, that are within a certain margin
UE Rx ‘timing error group’ (UE Rx TEG): Rx timing errors, associated with UE reporting of one or more DL measurements (RSTD), that are within a certain margin
UE RxTx ‘timing error group’ (UE RxTx TEG): Rx timing errors and Tx timing errors, associated with UE reporting of one or more UE Rx-Tx time difference measurements and one or more UL SRS resources for positioning purpose, that are within a certain margin
TRP Tx ‘timing error group’ (TRP Tx TEG): Tx timing errors, associated with TRP transmissions on one or more DL PRS resources, that are within a certain margin
TRP Rx ‘timing error group’ (TRP Rx TEG): Rx timing errors, associated with TRP reporting of one or more UL measurements, that are within a certain margin
TRP RxTx ‘timing error group’ (TRP RxTx TEG): Rx timing errors and Tx timing errors, associated with TRP reporting of one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, that are within a certain margin



Proposal 2: RAN2 should add to the list of inputs required from RAN1 a request for clarification for the definitions TRP RxTx Timing Error Group (TRP RxTx TEG) and UE RxTx Timing Error Group (UE RxTx TEG) by sending the above text proposals for clause 3.1 of TS 38.305 to RAN1.




