Page 1

3GPP TSG RAN WG1 #105-e	                                                         R1-2105310
e-Meeting, May 10th – 27th, 2021
Agenda Item:		8.5.1
Source:				Samsung
Title:					Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays 
Document for:	Discussion
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 will discuss TEG for DL TDOA, UL TDOA and Multi-RTT with corresponding impacts on the measurement or the signaling for positioning.
UE Rx TEG for DL-TDOA
 In RAN1#104b meeting, the following agreements related to TEG for DL-TDOA were reached [1]:
	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
· 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 signaling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements



For DL-TDOA, the UE can provide the Rx TEG associated with RSTD measurements to LMF for timing error mitigation. In Rel-16, the IE NR-DL-TDOA-SignalMeasurementInformation is used by the target device to provide NR DL-TDOA measurements to the location server. Similarly, the reported Rx TEG from UE to LMF can be included in IE NR-DL-TDOA-SignalMeasurementInformation as well.
In addition, the condition to have the association information is when the UE or TRP has multiple TEGs. It seems that in terms of saving signaling overhead, it’s beneficial to indicate reference TEG value or index, and if there are multiple TEGs, the indication of the differences could be enough; and the absent of the difference indication could imply that UE/TRP only has one TEG or it happens to have same TEG as the reference one.  Of course, the final formation of the indication will also depend the feedback from RAN4. 
Proposal 1: For DL-TDOA, UE could report the association information of Rx TEGs associated with RSTD measurements to LMF in the IE like NR-DL-TDOA-SignalMeasurementInformation.
Proposal 2: For indication of TEG in DL-TDOA method, one single reference TEG plus the TEG differences (in case of multiple different TEGs) can be considered. 
UE Tx TEG for UL-TDOA
In RAN1#104b meeting, the following agreements related to TEG for UL-TDOA were reached [1]:
	Agreement:
[1] Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF  
· FFS: the details of the Signaling, procedures, and UE capability



When the UE needs to indicate the association information of UL SRS resources with the Tx TEG for UL-TDOA, the UE can send an indication where it indicates to which SRS the TEG is linked with, e.g., by signaling the SRS index and/or time domain location of corresponding SRS). Although the proposal above offers full flexibility in terms of indication, it requires large signaling overhead. Furthermore, this reporting can be done in a simpler manner by having the UL SRS for positioning and the associated reported TEG sent in the resource with time domain association, e.g., sending the SRS and report the TEG for it in the same slot. This can be achieved by having, for example, a CG PUSCH configuration that has the same periodicity as SRS-pos transmission.
Proposal 3: For indication of UE Tx TEG in UL-TDOA, a time domain resource (e.g. a slot) containing the TEG  associated with the corresponding SRS-pos is supported.
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 in 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 done at LMF side.
Proposal 4: Support that the association information is sent directly from UE to LMF when the calculation of UL-TDOA is done at LMF. Otherwise it can be provided to the gNB first if the calculation is done at the gNB side.
UE RxTx TEG for Multi-RTT
In RAN1#104b meeting, the following agreements related to TEG for Multi-RTT were reached [1]:
	Agreement:
[2] For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS;
· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.
· For both alterntives, the UE may provide the association information of SRS resources for positioning to UE Tx TEG to LMF 
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· FFS: the details of the signalling, procedures, and UE capability



Regarding the issue on how to indicate the association in multi-RTT method, from our understanding, Alt.2 is more suitable. For the UE Rx-Tx time difference measurement, it is accurate for the LMF to know the sum of UE Rx and Tx timing error levels, rather than the separate TEG for Rx and Tx because there is a chance the TE/TEG could be represented as a value range. It is not appropriate for LMF to handle the separate TE/TEGs, e.g., whether to add them or minus them.  Thus, it is reasonable to have the UE (subject to UE capability) reporting the association information of the RxTx TEG with the UE Rx-Tx time difference measurement to LMF. 
In addition, the association is with one or more {DL PRS resource, UL Positioning SRS resource} pairs or one or more {Rx TEG, Tx TEG} pairs, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS. We understand that for the {DL PRS resource, UL Positioning SRS resource}, the UE could still change the value of reporting the associated RxTx TEG even for the same pair of DL PRS index and SRS-pos index, but at different times. With this understanding, we think the association with one or more {DL PRS resource, UL Positioning SRS resource} pairs is more suitable.
Proposal 5: For Multi-RTT, UE provides the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG , which is associated with one or more DL PRS resource and UL Positioning SRS resource pairs.
Conclusion
This contribution discusses the accuracy improvements on timing based positioning solutions. Observations and proposals are summarized as follows: 
Proposal 1: For DL-TDOA, UE could report the association information of Rx TEGs associated with RSTD measurements to LMF in the IE like NR-DL-TDOA-SignalMeasurementInformation.
[bookmark: _GoBack]Proposal 2: For indication of TEG in DL-TDOA method, one single reference TEG plus the TEG differences (in case of multiple different TEGs) can be considered. 
Proposal 3: For indication of TEG in UL-TDOA, a time domain resource (e.g. a slot) containing the TEG (associated with the corresponding SRS-pos is supported.
Proposal 4: Support that the association information is sent directly from UE to LMF when the calculation of UL-TDOA is done at LMF. Otherwise it can be provided to the gNB first if the calculation is done at the gNB side.
Proposal 5: For Multi-RTT, UE provides the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG , which is associated with one or more DL PRS resource and UL Positioning SRS resource pairs.
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