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Introduction
In the approved new WI for positioning enhancement [1], one important direction is to refine the timing based estimation.· 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


This contribution discusses the accuracy improvements on timing based positioning solutions especially for the timing error and timing error group.
Handling of Timing error
At RAN1#104 meeting, UE Rx/Tx errors were discussed. RAN1 agreed on a definition of timing errors:
· 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. 
In addition, RAN1 introduced the concept of Timing Error Group (TEG):
· 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 this section, we discuss TEG for DL TDOA, UL TDOA and Multi-RTT with the corresponding impacts on the measurement or the signaling for positioning.
UE Tx TEG for UL-TDOA
In RAN1#105 meeting, the following agreements related to TEG for UL-TDOA were reached:
	Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support  one of the following options:
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF




For the issue whether having the indication of the association information known by gNB (e.g., first provided to gNB and forwarded to LMF), it is clearly dependent on whether the calculation of UL-TDOA is performed at gNB or LMF. If it is done at gNB (or TRP) side, it seems natural for gNB to know the information whereas it is not necessary when it is done at LMF side. Considering that the calculation done at LMF side is more general and beneficial, the option 1 is preferred. 
Proposal 1: The association information of UL SRS resources for positioning with Tx TEGs is sent directly from UE to LMF.
UE RxTx TEG for Multi-RTT
Reporting of UE Rx/Tx TEG IDs 
In RAN1#105 meeting, there were agreements related to Rx/Tx TEG for Multi-RTT. The agreements were further revised in RAN1#106 as follows:
	Agreement:
Make the following modification of the previous agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may should support, up to UE capability, either one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the UE RxTx TEG IDs are related/associated to UE Tx TEG IDs and/or UE Rx TEG IDs and to the UE Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of UE Rx TEG ID and UE Tx TEG ID is supported. 
· In either option, a UE Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the UE Rx-Tx measurement
· Alt. 2: the Tx timing of the UE Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An UE Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements



For the issue of indicating the Rx/Tx TEG in multi-RTT method, from our understanding, both options can work. However, they might be suitable for different use cases or UE capability. For instance, if the UE is capable of generating the overall TEG, known as the RxTx TEG, the RxTx TEG ID could be provided. However, if the UE is unable to do it, it can generate the Tx TEG and Rx TEG separately. Thus, it is beneficial to support both reporting options. 
Proposal 2: Both options for UE TEG reporting (i.e., reporting the UE RxTx TEG ID or reporting both UE Rx TEG ID and UE Tx TEG ID) are supported for DL+UL positioning subject to the UE capability.
Regarding which information the Tx TEG ID is associated with, first of all, Alt.2 seems already been excluded based on the following agreement related to UE Rx-Tx time difference measurement reached in RAN1#106:
	Agreement:
· If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s)
· FFS: how the the association of the Tx TEG ID to the UL SRS resource(s) is determined by UE.
· FFS: details of the signalling

Agreement:
If a RxTx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE may optionally also report a Tx TEG ID. 



Given the above two agreements, if a UE reports RxTx TEG, the UE can then ignore the reporting of Tx TEG for DL+UL positioning methods, and if the Tx TEG ID is reported, it should be associated with the UL SRS resources. This thus excludes Alt 2 in which Tx TEG ID is associated with the Tx timing of the UE Rx-Tx measurement.
Regarding Alt.1 vs. Alt. 3, Alt.1 is more suitable because it provides the association between the TEG and a SRS resource for a Tx timing for one measurement. In our understanding, the TEG could vary due to some hardware specificities as well as the transmission configuration/settings. Thus, even with same resource or same timing, the TEG might be different. For accurately associating the UE Tx TEG ID, both factors need to be considered. 
Proposal 3: For the reporting of UE Tx TEG in DL+UL positioning, a Tx TEG ID is associated with an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement.

Definition of UE Rx-Tx time difference 
In RAN1#106, the following agreements related to UE Rx-Tx time difference measurement were reached:
	Agreement:
· Consider supporting one of the following alternatives related to the UE Rx-Tx time difference (decision to be made in RAN1#106b):
· Option 1: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it is up to UE to compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS, or include the difference (Timing Adjustment change) without compensation within the report
· Other options are not precluded. 



The main intention of the above agreements is to address the potential UL timing changes between the time of the SRS transmission and the time of the UE performing Rx-Tx time difference measurement. For Option 1 vs Option 2, the difference is whether the UE compensates the UL timing change by itself or report the TA change information to LMF. Due to the large values of TA adjustment errors in 38.133 (i.e., at least 32Tc which is roughly 16ns), the TA change information reported by UE cannot be accurate enough to satisfy the positioning accuracy requirements. The option 3 overcomplicated the operation by not sticking to one behaviour but leaving it to UE to decide, and then a potential indication is needed to inform gNB/LMF which behaviour is conducted. Thus, we prefer Option 1 among the above three options.
Proposal 4: 
· UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS 
· Add the following to the UE Rx-Tx time difference definition: 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
RSTD measurement enhancements
In RAN1#106, the following agreements related to RSTD measurement enhancements were reached:
Agreement:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· FFS: N=[2, 3, 4] or other values, where the maximum value of N depends on UE capability.
· FFS: whether the TRP can be either a “RSTD” reference TRP or a neighbor TRP
· FFS: details of the signalling, procedures, and UE capability
· FFS: The multiple RSTD measurements can share the same time stamp
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· FFS: M = [2, 3, 4] or other values
· FFS: details of the signalling, procedures
· FFS: The multiple RTOA measurements can share the same time stamp


Regarding the FFS on whether the TRP can be either a “RSTD” reference TRP or neighbor TRP, it suggests that for the same reference TRP, there could be multiple RTOA values corresponding to different Rx TEGs. It might result in a quite large number of RSTD values due to the combination to other RTOA measurements corresponding to other TRPs considering the different Rx TEGs. Thus, it seems more natural to calculate the RSTD value based on the RTOA corresponding to the same UE Rx TEG. 
[bookmark: _GoBack]Proposal 5: if TRP can be either a “RSTD” reference TRP or a neighbor TRP， then the RSTD value is calculated based on the RTOA measurements corresponding to the same UE Rx TEG.

Regarding the issue on whether these RSTD measurements can share the same time stamp or not. As the RSTD report is associated with the corresponding PRS index, then the necessity of mandating it having the same or different time stamp is not convincing, as even in the same time stamp, the used Rx TEG could still be different and LMF shall treat them as separate measurement anyway. The similar logic could apply to RTOA for SRS measurement in TRP side.
Proposal 6: The multiple RSTD/RTOA measurements can share the same time stamp.
Conclusion
This contribution discusses the accuracy improvements on timing based positioning solutions. Observations and proposals are summarized as follows: 
Proposal 1: The association information of UL SRS resources for positioning with Tx TEGs is sent directly from UE to LMF. 
Proposal 2: Both two options for UE TEG reporting (i.e., reporting the UE RxTx TEG ID or reporting both UE Rx TEG ID and UE Tx TEG ID) are supported for DL+UL positioning subject to the UE capability.
Proposal 3: For the reporting of UE Tx TEG in DL+UL positioning, a Tx TEG ID is associated with an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement.
Proposal 4: 
· UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS 
· Add the following to the UE Rx-Tx time difference definition: 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
Proposal 5: if TRP can be either a “RSTD” reference TRP or a neighbor TRP， then the RSTD value is calculated based on the RTOA measurements corresponding to the same UE Rx TEG.
Proposal 6: The multiple RSTD/RTOA measurements can share the same time stamp.
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