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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved and at RAN#91 that WID was updated on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to UE and gNB Rx/Tx timing errors. Our companion contributions discuss our other views [2-6]. The objective from the WID is to
· 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]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

During RAN1#104-e the following agreement was reached: 
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.
Discussion
PRU in Rel-17 	
RAN1 agreed the following:
Agreement: (RAN1#105-e)
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
1. RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
1. Notes: 
1. The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
1. Transmit the UL SRS signals for positioning
1. PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.

The other WGs have been discussing the PRU feature and RAN2 has sent a reply LS to RAN1 in R1-2200857. In that LS there are two requested actions of RAN1: 
“RAN2 kindly asks RAN1 whether the LMF determined "correction information" obtained from PRU measurements need to be provided to target UEs for UE-based mode of operation, and if so, kindly asks RAN1 to provide further details on the specific "correction information" which need to be provided to target UEs.
RAN2 also kindly asks RAN1 to provide further details on the "PRU antenna orientation information" which should be provided to an LMF.”
For the first question from RAN2 on the LMF providing correction information: the original RAN1 agreement did not mention corrections data or UE-based positioning. Our view is that for Rel-17 PRU should be enabled for UE-assisted positioning with highest priority. We are open to discussing UE-based but considering the stage of the WI it may be best to first enable PRU for UE-assisted positioning where there will not need to be long debate on which correction data can be signaled and how it would look. 
Proposal 1: Prioritize UE-assisted PRU in Rel-17 and send an LS to RAN2 informing them of this decision. 
On the second question from RAN2: Our understanding of the antenna orientation information is simply the orientation of the PRU device antenna. For example, this could be signaled as a 3D angle (azimuth and elevation) in the global coordinate system of where the antenna sits. E.g., if the antenna is perpendicular to the north direction then the azimuth angle would be zero.
Proposal 2: Include in the reply LS to RAN2 that the PRU antenna orientation is the 3D angle in the global coordinate system at which the PRU antenna is location.
TEG Related Issues  			   
At RAN1#107 the following agreement was reached: 
Agreement(RAN1#107-e) 
Confirm and modify the working assumption with the following modifications:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  
· to the serving gNB if a request to provide the association information is received from the gNB 
· to the LMF if a request to provide the association information is received from the LMF. 
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.

One FFS point at the bottom of this agreement was removed but it shows that there may be issues if the UE is configured for both multi-RTT and UL-TDOA. So, it is possible that the UE could be requested to report the Tx TEG association both directly to the LMF (using LPP) and to the gNB (using RRC). Especially as LPP is transparent to the gNB, it may occur that the gNB is asking for reporting associations that the UE is already sending to the LMF. Another example of this problem is that the TRP may first be requested for RTOA measurements (and therefore the UE will report over RRC) however in the future the TRP may then be requested for both RTOA and gNB Rx-Tx measurements. Then the UE may be reporting over RRC and also over LPP. To avoid unnecessary overhead, we suggest allowing the UE to respond to a request from gNB or LMF for the associations with an indication that the UE will report directly to LMF (if reply to gNB) or to gNB (if reply to LMF).
Proposal 3: Allow UE to respond to a request for Tx TEG associations with an indication that it will report, or has already reported, directly to LMF (if responding to gNB) or to gNB (if responding to LMF).  
Throughout RAN1 Rel-17 WI phase, we mainly discussed how to associate between TEGs and UL/DL reference signals or between different TEGs, and it was assumed that timing error mitigation operation considering TEG information might be done by LMF. Now it is necessary to consider there may be a possibility on mitigation operation from device side. For example, there was a view that the UE may be able to do self-calibration with a knowledge on sum of the reception and transmission group delay. In addition, the UE may be provided with association information of TRP TX TEGs and PRS resources from LMF for UE-based positioning. In consideration of a static UE, the UE would be able to know its own location quite accurately by RAT-dependent and/or RAT-independent positioning technique. Then the UE may have a chance to estimate timing errors for TRP Tx TEGs, and the UE can consider error compensation for measurement reporting. However, in our view, the UE may perform calibration behavior if it can, and it may not be always guaranteed. If the UE calibrates an error for a specific TEG, the LMF shouldn't do it to avoid double calibration or wrong differential operations. RAN1 needs to consider allowing the UE to inform LMF if the UE has calibrated measurement for a specific TEG when it reports positioning measurement.
Proposal 4: Allow UE to report an indicator to LMF to inform if a positioning measurement has been calibrated for a specific TEG.
Conclusion
We made the following proposals in this paper:
Proposal 1: Prioritize UE-assisted PRU in Rel-17 and send an LS to RAN2 informing them of this decision. 
Proposal 2: Include in the reply LS to RAN2 that the PRU antenna orientation is the 3D angle in the global coordinate system at which the PRU antenna is location.
Proposal 3: Allow UE to respond to a request for Tx TEG associations with an indication that it will report, or has already reported, directly to LMF (if responding to gNB) or to gNB (if responding to LMF).
Proposal 4: Allow UE to report an indicator to LMF to inform if a positioning measurement has been calibrated for a specific TEG.
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