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[bookmark: _Ref78888565]Introduction
The RAN WG1 agreed to study the specification impact for enabling a reference device to perform measurements and reporting of timing related parameters and support gNB and UE RX/TX timing errors mitigation. The concept of Timing Error Groups (TEGs) was introduced to facilitate mitigation of RX/TX timing errors for the timing-based positioning methods (DL-TDOA, UL-TDOA, and Multi-RTT).
The reporting of UE RX TEGs associated with the RSTD measurements for the DL-TDOA positioning method was discussed at the RAN1#104b-e meeting and the following agreement has been achieved [2]:
	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
· [bookmark: _Hlk69244085]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



Two options for reporting of the association information of the UL SRS resources with the TX TEGs for the UL-TDOA positioning method were captured in the chairman’s notes, [1]:
	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 neighbouring 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 neighbouring 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



Reporting details of the RX/TX TEGs association with the UE Rx-Tx time difference measurement for the Multi-RTT positioning method were discussed at the previous meeting. The following agreement was captured in the chairman’s notes, [1]:
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, 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 RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (down selection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An 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



In this contribution we provide further details on each of the agreements above, including the UE RX TEGs association with the RSTD measurements for the DL-TDOA positioning method, association information reporting of the UL SRS resources with the TX TEGs for the UL-TDOA positioning method, and the RX/TX TEGs association with the UE and gNB Rx-Tx time difference measurement for the Multi-RTT positioning method. 
Accuracy Improvements by Mitigating UE and gNB RX/TX Timing Delays
UE RX TEG(s) Association Details for DL Positioning
The reporting of UE RX TEGs associated with the RSTD measurements for the DL-TDOA positioning method was discussed at the RAN1#104b-e meeting and the following agreement has been achieved [2]:
	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



The discussion of the UE RX TEGs association with the RSTD measurements was continued at the RAN1#105e meeting and the following proposal (Proposal 3.1-1) was captured in the FL’s summary document, [3]:
	Proposal:
· Subject to UE capability, support 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 the RSTD of the additional paths in a DL TDOA measurement report. The two UE Rx TEG IDs can be the same or different. 
· FFS:  Whether to include more than one UE Rx TEG ID for each DL RSTD measurement that including UE Rx TEG ID with each Relative Time Difference for the additional paths



The proposal suggests reporting of two UE RX TEGs, where the first UE RX TEG is associated with the RSTD reference time (corresponding to the reference TRP) and another one is associated with each of the DL RSTD measurements in a DL-TDOA measurement report. 
Beyond that, the proposal suggests reporting of two UE RX TEGs associated with the RSTD measurement for each of the additional paths. 
The DL RSTD measurement performed by a UE in presence of the TX and RX timing errors can be written in the form:
	
,
	[bookmark: _Ref67673725](1)


where (TUE,i – TUE,j) is the propagation time difference between a UE and the TRPi and TRPj, (eTX,ili – eTX,jlj) is the TX timing error difference of TRPi with the lith TEG and TRPj with the ljth TEG, and (eRX,UEni – eRX,UEnj) is the RX timing error difference of the nith and njth UE TEGs.
As follows from (1), if UE uses different RX TEGs for reception of the DL PRS signal from the ith and jth TRPs, then the resulting DL RSTD measurement depends on the RX timing errors difference that should be signalled. 
In case if the RX TEGs are the same, then the resulting RX timing error is equal to zero. 

Based on the above considerations, we have the following proposal:


Support UE to include one UE RX TEG ID for the RSTD reference time (corresponding to the reference TRP) and one UE RX TEG ID for each DL RSTD measurement in a DL TDOA measurement report. The two UE RX TEG IDs can be the same or different.

As for the second part of the proposal, we think that reporting of two UE RX TEGs associated with the RSTD measurement for each of the additional paths is not required. 

Reporting Details for UL Positioning
Two options for reporting of the association information of the UL SRS resources with the TX TEGs for the UL-TDOA positioning method were captured in the chairman’s notes, [1]:
	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 neighbouring 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 neighbouring 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



Both options provide the signaling of association information of the UL SRS resources for positioning with the TX TEGs from UE to LMF, with the only difference that the second option assumes that the reporting is performed via a serving gNB. 
In assumption that the LMF will perform timing errors estimation and compensation, we believe that the association signaling can be reported from UE to the LMF directly (option 1). In case if a serving gNB or any other neighbor gNB requires this information (for the timing errors compensation), then LMF can share it. 

Based on the provided considerations we are in favor of option 1 and have the following proposal:


· Support a UE providing the association information of the UL SRS resources for positioning with the 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.

RX/TX TEG(s) Association Information Reporting for DL+UL Positioning
Reporting details of the RX/TX TEGs association with the UE Rx-Tx time difference measurement for the Multi-RTT positioning method were discussed at the previous meeting. The following agreement was captured in the chairman’s notes, [1]:
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, 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 RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (downs election needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An 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



It was agreed to discuss two options, where the first option assumes introduction of the UE RxTx TEG ID which can be associated with the pair of (UE TX TEG ID, UE RX TEG ID) and the UE Rx-Tx time difference measurement. The second option does not support introduction of the UE RxTx TEG ID and supposes that reporting of the pair of (UE TX TEG ID, UE RX TEG ID) is sufficient. 
Following the definition of the UE RxTx timing error group specified in [3], the 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.
So, essentially, the UE RxTx TEG ID indicates the total timing error, which is a superposition of both TX and RX timing errors. 
As it was discussed at the previous meeting, the specific implementation may assume that the TX and RX timing errors may change in time, however, the total timing error may keep constant. To address this case, the additional signaling of the RxTx TEG ID is required. 

Based on the provided considerations we propose to report both the pair of (TX TEG ID, RX TEG ID) and the RxTx TEG ID associated with the Rx-Tx time difference measurement for both UE and gNB.

We have the following proposals: 


· Support UE to include (TX TEG ID, RX TEG ID) and RxTx TEG ID for each UE Rx-Tx time difference measurement in a Multi-RTT measurement report.
· The TX TEG ID is associated with the UL SRS Resource for positioning corresponding to the TX timing of the Rx-Tx time difference measurement.
· The RX TEG ID is associated with the DL PRS Resource for positioning corresponding to the RX timing of the Rx-Tx time difference measurement.


· Support gNB to include (TX TEG ID, RX TEG ID) and RxTx TEG ID for each gNB Rx-Tx time difference measurement in a Multi-RTT measurement report.
· The TX TEG ID is associated with the DL PRS Resource for positioning corresponding to the TX timing of the Rx-Tx time difference measurement.
· The RX TEG ID is associated with the UL SRS Resource for positioning corresponding to the RX timing of the Rx-Tx time difference measurement.

Conclusions
In this contribution we provided our view on the remaining issues for association between the RX/TX TEG(s) and the reported measurements by the gNB and UE for the different positioning methods. In summary we have the following list of the proposals:

Proposal 1:
· Support UE to include one UE RX TEG ID for the RSTD reference time (corresponding to the reference TRP) and one UE RX TEG ID for each DL RSTD measurement in a DL TDOA measurement report. The two UE RX TEG IDs can be the same or different.

Proposal 2:
· Support a UE providing the association information of the UL SRS resources for positioning with the 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.

Proposal 3:
· Support UE to include (TX TEG ID, RX TEG ID) and RxTx TEG ID for each UE Rx-Tx time difference measurement in a Multi-RTT measurement report. 
· The TX TEG ID is associated with the UL SRS Resource for positioning corresponding to the TX timing of the Rx-Tx time difference measurement.
· The RX TEG ID is associated with the DL PRS Resource for positioning corresponding to the RX timing of the Rx-Tx time difference measurement.

Proposal 4:
· Support gNB to include (TX TEG ID, RX TEG ID) and RxTx TEG ID for each gNB Rx-Tx time difference measurement in a Multi-RTT measurement report. 
· The TX TEG ID is associated with the DL PRS Resource for positioning corresponding to the TX timing of the Rx-Tx time difference measurement.
· The RX TEG ID is associated with the UL SRS Resource for positioning corresponding to the RX timing of the Rx-Tx time difference measurement.
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