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1. Introduction
[bookmark: _GoBack]At the RAN#91-e meeting, updated WID on NR positioning was agreed [1]. The work item includes RAN1-led objectives as follows:
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The objective of this work item also includes the support of GNSS enhancements.  
The specific objectives of this work are:
· 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 [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
RAN working groups will take into account the work from other working group SA/CT which involves same objectives.
· The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping.

In this contribution, we present our view on mitigating UE and gNB Rx/Tx timing delays for Rel-17 NR positioning.

2. Mitigating Rx/Tx timing errors for DL+UL positioning
The definitions of words used in this agenda item were agreed at the last meeting [2], and we capture them into an appendix section of this paper.
2.1. Mitigating Rx/Tx timing errors at UE side
Regarding mitigating timing error at UE, the following conclusion was made at the last meeting [2].
 Conclusion:
Study the following options for mitigating UE Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF
· Option 2:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· FFS: the definition of UE RxTxTEG. It includes both UE Rx timing and Tx timing errors.
· Option 5:
· Support UE to provide the association information of DL-RSTD measurements with UE RxTx TEGs in a measurement report to LMF for simultaneous DL-TDOA and UL-TDOA configuration for positioning
· Option 6: 
· Support UE to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 7: 
· Support UE to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signaling, procedures and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.
Conclusion:
Study the following options for mitigating gNB Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
· Option 2:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· Option 5: 
· Support TRP to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 6: 
· Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signalling and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.
· 

When we consider the candidate options in the above conclusion, these options can be categorized for two groups. One group requires to report UE Rx/Tx TEGs (i.e. Option 1/2/3/6), on the other hand, another group requires to report UE RxTx TEGs (i.e. Option 4/5/7). 
Regarding UE Rx/Tx TEGs based reporting (i.e. Option 1/2/3/6), in order to mitigate timing error sufficiently for DL+UL positioning (e.g. multi-RTT positioning), reporting both UE Rx TEGs and UE Tx TEGs may be needed. Hence, it may be better to consider Option 3 and Option 6 for further study.
Regarding UE RxTx TEGs based reporting (i.e. Option 4/5/7), it’s not clear whether reporting UE RxTx TEGs is enough to mitigate timing error or not. Therefore, we need to discuss further the benefits from each UE Rx/Tx TEGs based reporting and UE RxTx TEGs based reporting.
Observation 1:
· Regarding UE Rx/Tx TEGs based reporting, both UE Rx TEGs and UE Tx TEGs may be helpful to mitigate timing error for DL+UL positioning
Observation 2:
· We need to discuss further the benefits from each UE Rx/Tx TEGs based reporting and UE RxTx TEGs based reporting to mitigate timing error for DL+UL positioning

2.2. Mitigating Rx/Tx timing errors at gNB side
Regarding mitigating timing error at gNB, the following conclusion was made at the last meeting [2].
Conclusion:
Study the following options for mitigating gNB Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
· Option 2:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· Option 5: 
· Support TRP to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 6: 
· Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signalling and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.

When we consider the candidate options in the above conclusion, these options can be categorized for two groups similar to UE side. One group requires to report gNB Rx/Tx TEGs (i.e. Option 1/2/3/5), on the other hand, another group requires to report gNB RxTx TEGs (i.e. Option 4/6).
Regarding gNB Rx/Tx TEGs based reporting (i.e. Option 1/2/3/5), in order to mitigate timing error sufficiently for DL+UL positioning, reporting both gNB Rx TEGs and gNB Tx TEGs may be needed similar to UE side. Hence, it may be better to consider Option 3 and Option 5 for further study.
Observation 3:
· Regarding gNB Rx/Tx TEGs based reporting, both gNB Rx TEGs and gNB Tx TEGs may be helpful to mitigate timing error for DL+UL positioning
Similar to UE side, it’s not clear whether reporting gNB RxTx TEGs (i.e. Option 4/6) is enough to mitigate timing error or not. Therefore, we need to discuss further the benefits from each gNB Rx/Tx TEGs based reporting and gNB RxTx TEGs based reporting.

3. Conclusion
In this contribution, we discussed on mitigating UE and gNB Rx/Tx timing delays. Based on the discussion, we made following observations.
Observation 1:
· Regarding UE Rx/Tx TEGs based reporting, both UE Rx TEGs and UE Tx TEGs may be helpful to mitigate timing error for DL+UL positioning
Observation 2:
· We need to discuss further the benefits from each UE Rx/Tx TEGs based reporting and UE RxTx TEGs based reporting to mitigate timing error for DL+UL positioning
Observation 3:
· Regarding gNB Rx/Tx TEGs based reporting, both gNB Rx TEGs and gNB Tx TEGs may be helpful to mitigate timing error for DL+UL positioning
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Appendix
At the RAN1#104-e meeting, the following definitions of word in this agenda item were agreed [2].
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.

- 1/5 -
