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Introduction
The following agreements were made on mitigation of UE/gNB Rx/Tx timing errors in the last RAN1 meeting [1]:
	Agreement:
· Subject to UE capability, support a UE to include one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in a DL TDOA measurement report. These UE Rx TEG IDs can be the same or different. 
· Note: RSTD reference time is related to the DL_PRS_Reference_Info IE
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
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
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. 
Agreement:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.
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.


In this contribution, we continually provide our views on the remaining open issues to mitigate the UE/gNB Rx/Tx timing errors to enhance the positioning accuracy.
Methods for mitigating gNB/UE Rx/Tx timing errors
Mitigation of gNB/UE Rx/Tx timing errors for UL positioning
In RAN1#105-e meeting, the following agreement was made on mitigating the UE Tx timing errors and/or TRP Rx timing errors for UL-TDOA:
	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


During the last RAN1 meeting, down selection between the above two options were intensively discussed. However, since companies shared diverse views, no consensus was achieved. Some companies suggested to send LS to RAN23 as the decision can be up to other WGs. Due to the lack of time schedule, no agreement was made on this issue.
Regarding the reporting signalling, we think that option 1 is a better choice since the association information of UL SRS pos with UE Tx TEGs is more like a capability exchanging message, which under the current positioning framework, is carried by LPP. On the other hand, option 1 is a simpler and more straightforward design, in contrast with option 2, the signalling of UE reporting the Tx TEG association information to the serving gNB, and the forwarding messages from the serving gNB to the LMF has to be designed additionally. In addition, there is no need to forward the association information from LMF to neighbouring gNBs. The gNBs reports the UL-RTOA measurements with respect to UL SRS pos resources to the LMF, which can further use the association information provided by the UE to mitigate the timing errors. During the discussion in the last meeting, some companies argued that for a UE which is only capable of UL positioning, no LPP signalling is supported and therefore option 1 is not workable. However, from specification point of view, the UE should support the LPP protocol to transfer its capability to the LMF.
Proposal 1: From RAN1 perspective, it is beneficial to 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.
· Decision can be finally made up to RAN2/3.

Mitigation of gNB/UE Rx/Tx timing errors for DL+UL positioning
During the last RAN1 meeting, the previous agreement on the solutions to mitigate UE Rx/Tx timing errors for DL+UL positioning was modified, to clarify that both of the following two options are supported, which is up to UE capability:
· Option 1: Reporting of UE RxTx TEG ID;
· Option 2: Reporting of UE Rx TEG ID and UE Tx TEG ID
In either option, there is a remaining issue on how the UE Tx TEG ID is associated, and based on the previous discussion, three alternatives were left for further down selection:
· 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
For the multi-RTT positioning, there could be a potential mismatch between the UE and gNB Rx-Tx time difference, i.e., the Rx-Tx time difference measurements from the UE and gNB side are associated with Tx or Rx TEGs that corresponding to difference SRS resources. By supporting Alt. 3, the mismatch can be solved as Alt. 3 decoupled the reporting of the Tx TEG with the UE Rx-Tx time difference measurement. 
Proposal 2: Support a UE Tx TEG ID to be associated with one or more UL SRS resources for positioning.
In the last RAN1 meeting, there is another open issue on the definition of UE Rx-Tx time difference measurements. The intention of this issue is to solve the impact of TA change between the reception of the DL PRS and the transmission of the UL SRS on the Rx-Tx time difference measurement performance, since the current definition of the UE Tx timing of Rx-Tx time difference is derived based on the UL subframe timing that is closest to the DL PRS reception subframe, but the gNB Rx timing of Rx-Tx time difference is derived based on the UL SRS reception subframe, within the period the TA may change due to the UE mobility. To solve the issue, three options were left for further discussion:
· 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
In our understanding, all three options work. The the difference among the three options is that, for option 1, the UE compensate the TA change up to its implantation, and it additionally reports a UL timestamp to assist the LMF to match the UE and gNB Rx-Tx time differences when TA changes; for option 2, on the other hand, the UE performs no compensation and directly reports the TA change information to the LMF; and option 3 is basically the combination of option 1 and option 2. In such sense, it would be easy to support option 3, and it can be subject to UE capability, whether or not the TA change will be compensated or reported.
Proposal 3: Support option 3 related to the UE Rx-Tx time difference:
· 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

[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss solutions to mitigate the gNB/UE timing errors, and the following and proposals are provided:
Proposal 1: From RAN1 perspective, it is beneficial to 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.
· Decision can be finally made up to RAN2/3.
Proposal 2: Support a UE Tx TEG ID to be associated with one or more UL SRS resources for positioning.
Proposal 3: Support option 3 related to the UE Rx-Tx time difference:
· 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
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