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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Working on the Rel17 WI on NR Positioning Enhancements [1], RAN1 has made some agreements regarding the WI objective 
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

in RAN1#104-bis-e: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



Those agreements are linked to previous agreements from RAN1#104-e which list a detailed description of the mentioned term “TEG”:

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 the LS [2], RAN1 requests RAN4 to review those agreements and provide feedback.
In this contribution we are providing our view and are proposing a Reply LS.
Discussion
To discuss further enhancements of positioning accuracy for Rel-16 Positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, RAN1 has implemented the term “timing error group” (TEG). While it was agreed that this phraseology shall not be included in the specifications and only serves the purpose of discussion [2], TEGs can be used to identify common TX and RX chains within network nodes to analyze the effect of timing errors for different measurement methods, namely those of Rel-16, as per WI objective [1].
As we understand the incentive, it tackles to enable the network to identify which T/RX chains have been used by nodes performing those measurements and therefore allow to mitigate timing errors when applying time-difference methods for certains measurement results. One of the key contributors to having different unknown timing errors is by using different antenna panels (i.e. possibly different T/RX chains). Therefore, allowing proper identification with which antenna panel or T/RX chain a certain measurement method was conducted gives fruitful indication about whether the unknown timing errors will be the same. Furthermore, to not limit network node implementation, a node is not limited to define TEGs in a one-to-one fashion for each antenna panel or T/RX chain, when the timing error difference between those T/RX chains is within a certain margin [2].
While UEs typically have more than one antenna panel whose phase centers are not aligned nor neighboring to tackle the UEs unknown orientation problem, TRPs on the other hand typically have distinct non-moving location and known beam direction i.e. constant sector orientation. This translates in practice with TRPs having coverage for a given sector using a PRS set all originating from a single panel.  Therefore, the issue can be reduced in such a way that for the purpose of timing error groups, the gNB can be treated as  a “single-panel”-problem per TRP, for which the definition of a timing error group is not relevant as it is for UEs, since TRPs are already distinguishable from another and would only comprise a single TEG if reporting for gNB/TRP would be implemented. 
[bookmark: _Ref71210167]TRPs have distinct non-moving location and known beam direction i.e. sector orientation
This follows the assumption that TEG reporting shall be done with respect to the measurement of the same reference signal instance for each different receiver/transmitter belonging to a certain TEG group.
Furthermore, it follows the assumption that for a TRP comprising multiple antenna ports to connect sub-arrays within one panel to different AFEs, i.e. different T/RX chains, the timing error for each T/RX chain or sub-array might be different but is already taken care of by calibration to ensure functionality of other features like beamforming. Therefore, any timing error difference within one panel comprising multiple indepently fed sub-arrays can be characterized as a known timing error, which is already taken care of by adjusted T/RX timing. Remaining error after calibration is then only the unknown timing error which is generally the same for each T/RX chain within the antenna panel plus some residual timing calibration error from non-perfect calibration accuracy. Since the residual errors of phase calibration within one antenna panel are far smaller than any threshold value that could be used to distinguish TEGs as per RAN1 agreement, it is assumed that the timing error variance due to residual error from phase calibration would all fall in the same TEG, if it would be specified, nevertheless.
The timing error differences between multiple T/RX chains within one TRP are known timing errors due to phase calibration and are accounted for by adjusted TRX timing
Residual timing error differences between multiple T/RX chains within one TRP after phase calibration are small and therefore it is not necessary to distinguish via TEG reporting
Since measurement results combined with a TEG indicator always use the same instance of a reference signal to allow identifying timing error differences between different TEGs analyzing the same reference signal, we propose not to define any TEG reporting functionality for the gNB, since each TRP can be configured with distinct reference signal allocation and TRPs typically only comprise one T/RX chain or one common timing error for all T/RX chains within one panel which does not have to be made distinguishable from other antenna panels via TEG reporting.
A TRP will only feature one TEG, therefore reporting of TEG is unnecessary.

Multiple gNB Rx and Tx TEG is not supported. Send reply LS to RAN1 on the issue.

Conclusion
1. TRPs have distinct non-moving location and known beam direction i.e. sector orientation
1. The timing error differences between multiple T/RX chains within one TRP are known timing errors due to phase calibration and are accounted for by adjusted TRX timing
1. Residual timing error differences between multiple T/RX chains within one TRP after phase calibration are small and therefore it is not necessary to distinguish via TEG reporting
1. A TRP will only feature one TEG, therefore reporting of TEG is unnecessary.
1. Multiple gNB Rx and Tx TEG is not supported. Send reply LS to RAN1 on the issue.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS on “UE/TRP Tx/Rx Timing Errors” and has reviewed the agreements made in RAN1. RAN4 proposes that
· Multiple gNB Rx and Tx TEG is not supported, since TRP will feature only one TEG, so no reporting necessary. TRPs already are distinguishable.
2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #100-e		August 16 - 27, 2021					Electronic Meeting
TSG RAN WG4 Meeting #101-e		November 1 - 12, 2021				Electronic Meeting

