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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
From RAN1 agreements and based on the LS to RAN4 [2], it should be understood that TEG association is based on a per antenna panel baseline. This means that the TEG association grants information based on the differences of timing errors related to two measurements and/or transmissions.
This means if τ1 and τ2 are the timing errors related to two measurements/transmissions that are associated with the same TEG then | τ1 - τ2 | < δ.
If such information of association is made known to the LMF, it can for example form the difference of measurements conducted with the same TEG which guarantees that the timing error of said TRX chain/antenna panel that belongs to that TEG does not change between two measurements. Therefore, when the difference of the measurements conducted with the same TEG is performed, the timing error difference gets cancelled (within margin δ).
This can be visualized in the following example for RSTD measurements:
[image: ]
In above example RSTD measurements for d1 and d3 have receive timing error that cannot be cancelled if the antenna panel used is unknown. If TEG grouping for Panel a is made possible and information by association is granted, the LMF can form RSTD3-RSTD1, where the receive timing errors will cancel.



This will lead to

In reality timing errors will not cancel completely but have some residual timing error which is however smaller than the margin delta.
However, the raised questions in RAN4#99-e regarding TEG association did incorporate some different views concerning the understanding of TEG. As we understand it, the reasoning behind TEG is not to group multiple antenna panels and TRX chains with similar timing error before or after group delay calibration, rather to be able to provide association information without limiting implementation, to ensure that the timing error difference between measurements/transmissions associated with the same TAG are within a margin delta. Therefore, it needs to be discussed if there are any feasibility issues with TEG reporting not primarily with grouping multiple antenna panels together but rather other topics that are still valid for the case that a TEG normally only addresses one antenna panel / TRX chain, such as time variant behavior of the timing error.
TEG enables association information without limiting implementation to ensure that the timing error difference between measurements/transmissions are within a certain margin delta
Furthermore, the residual calibration error itself does not matter, under the assumption that the error would be time-invariant. If TEG association shall point out that that the timing errors which affect the measured timing accuracy has not changed in between conducting measurements/transmission, it is not necessary to gain knowledge of the absolute value of the residual timing error. Furthermore, if an absolute value of the timing error was known, the entity could correct for it, rendering any treatment via TEG obsolete.
The absolute value of the residual timing error is irrelevant to TEG
One question arises is, that since TEG association is based on information about a single antenna panel and verifying that in between measurements the timing error difference is still smaller than a certain threshold, then what would time variant behavior mean? Would time variant behavior be relatively small, such that | τ1 - τ2 | < δ still holds true and therefore, no “change” in TEG association is needed. If it would not be relatively small, one could argue that the calibration itself was unmeaningful in the first place, however this discussion is reliant on how big or small the threshold δ shall be. Therefore, considering δ, we are fine to study if residual timing error differences after calibration are static, semi-static or dynamic and what implications with regards to TEG there would be assuming certain threshold δ to apply association with certain TEG.
Study behavior of residual timing error differences after calibration on static, semi-static of dynamic behavior and its implications to TEG association based on margin threshold
In our view, most TRPs which would even fall under consideration to be made distinguishable via TEG association would not comprise more than a single TEG, therefore reporting such identification aid is unnecessary. This follows the assumption that gNB/TRP compared to UEs generally speaking are rather fixed base, known location, constant sector hull/envelope types of deployments which do not have multiple antenna panels with opposing orientation. In the case of DL PRS, furthermore the gNB/TRP would only be eligible to provide association information for the TX TEG, which is furthermore unnecessary, since a TRP even if equipped with multiple panels can be configured as multiple TRPs with different DL PRS and therefore are distinguishable anyway. However, for potential multi antenna panel gNBs there exists a very efficient mitigation technique. Each antenna panel can be defined as a separate TRP transmitting its own DL PRS and performing positioning measurements. This mitigates any RX/TX timing errors and as a bonus also mitigates the errors coming from the spatial separation of the antenna panels. This solution is thus superior to the use of gNB RX/TX TEGs and in addition requires no specification changes.
[bookmark: _Toc78966563]TEG reporting for gNB is not needed, since gNB RX/TX timing errors can be mitigated by defining each gNB antenna panel as a separate TRP with its own DL PRS transmissions and positioning measurements.
In RAN4#99-e it was addressed, that one could use TEG for gNBs to differentiate antenna panels with certain distance by using the uncalibrated group delay – our understanding is that compensation for difference in position of different antennas has been discussed in RAN1 but has been excluded (R1-2007172). Since there was not much traction on Rx diversity issue in RAN1 during SI stage, this was not included in the WID scope for Rel-17.
Differentiation of antenna panels with certain distance in location/position is not in WID scope for Rel-17
In conclusion however, it has been found that TEG association is applicable for UEs. It is noted that TEG association is based on identification of more than one measurement which was conducted while the difference of residual timing errors of all measurements with identified TEG are smaller than some threshold value. In the case of RSTD measurements evaluation by LMF, TEG association information can be used to tackle the orientation problem and furthermore allow for more positioning accuracy by combining multiple RSTD measurements in such a way that common timing errors cancel, at least to some extent, namely the threshold for timing error differences between multiple measurements which is used to define TEG.
TEG reporting for UEs is applicable
Conclusion
1. TEG enables association information without limiting implementation to ensure that the timing error difference between measurements/transmissions are within a certain margin delta
1. The absolute value of the residual timing error is irrelevant to TEG
1. Study behavior of residual timing error differences after calibration on static, semi-static of dynamic behavior and its implications to TEG association based on margin threshold
1. TEG reporting for gNB is not needed, since gNB RX/TX timing errors can be mitigated by defining each gNB antenna panel as a separate TRP with its own DL PRS transmissions and positioning measurements
Differentiation of antenna panels with certain distance in location/position is not in WID scope for Rel-17
TEG reporting for UEs is applicable
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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

1. TEG reporting for gNB is not needed, since gNB RX/TX timing errors can be mitigated by defining each gNB antenna panel as a separate TRP with its own DL PRS transmissions and positioning measurements
TEG reporting for UEs is applicable
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 #101-e		November 1 - 12, 2021				Electronic Meeting
TSG RAN WG4 Meeting #102-e		February 21 - 25, 2022				Athens, Greece
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