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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, including DL-TDOA, UL-TDOA, and Multi-RTT. 
In this contribution we provide our view on the RX/TX TEG IDs reporting associated with the UE Rx-Tx time difference measurements, the reporting formats for the RSTD and RTOA measurements performed using multiple RX TEG IDs, Measurement Time Window (MTW) concept, and modifications required for the UE Rx-Tx time difference measurement in presence of the TA change. 

Accuracy Improvements by Mitigating UE and gNB RX/TX Timing Delays
[bookmark: _Hlk83559200]UE TX and RX TEGs Reporting for DL+UL Positioning
The 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:
Make the following modification of the previous agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE should support, up to UE capability, either one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID
· 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 Rx TEG ID and UE Tx TEG ID
· In either option, a UE Tx TEG ID is associated with (downs election 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



Two options have been considered, including option 1 and option 2.
In option 1, the reporting of the RxTx TEG ID is introduced which can be associated with the UE Rx-Tx time difference measurement to indicate the total TX and RX timing error. The details on the association of the UE RxTx TEG ID with the TX TEG IDs and/or RX TEG IDs and the UE Rx-Tx time difference measurement is open for further study.
In option 2, the reporting of the UE TX TEG ID and UE RX TEG ID is proposed and in that case the pair of TEGs can be associated with the UE Rx-Tx time difference measurements indicating the TX and RX timing errors. 
For both options, it is suggested to down select among the three possible alternatives (Alt.1 – Alt.3) the association of the UE TX TEG ID with the UL SRS Resource for positioning and TX timing of UE Rx-Tx measurement. It is also noted that the UE RX TEG ID can be associated with the DL PRS Resource and corresponding RX time of the measurement.

In this contribution, we propose to support option 2 for the UE TX and RX TEG IDs reporting.
We suggest association of the UE TX TEG ID with the UL SRS Resource for positioning corresponding to the TX timing of the UE Rx-Tx time difference measurement (Alt. 1). The UE RX TEG ID can be associated with one DL PRS Resource (or more DL PRS Resources) corresponding to the RX time of the measurement.

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


Support reporting of the UE TX TEG ID and the UE RX TEG ID associated with the UE Rx-Tx time difference measurements, where:
The UE TX TEG ID is associated with the UL SRS Resource for positioning corresponding to the TX timing of the UE Rx-Tx time difference measurement
The UE RX TEG ID is associated with one DL PRS Resource (or more DL PRS Resources) corresponding to the RX time of the measurement

Remaining Details on UE/TRP Measurement Signalling
The reporting of measurements performed by UE with the multiple RX TEG IDs for the same DL PRS Resource and measurements performed by LMF with the multiple RX TEG IDs for the same UL SRS Resource for positioning were discussed at the previous meeting and the following agreement has been made, [1]:
	Agreement:
· [bookmark: _Hlk83560192]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



It was agreed that the LMF may request a UE to optionally measure the same DL PRS Resource of a TRP with N different UE RX TEG IDs and report the corresponding RSTD measurements. The number of reported RX TEG IDs, whether the TRP can be a reference TRP or a neighbour TRP, and whether the multiple RSTD measurements can share the same time stamp are open for further study. 

In addition to that, the LMF may request a TRP to optionally measure the same UL SRS Resource for positioning with M different TRP RX TEGs and report the corresponding multiple RTOA measurements to the LMF. The number of reported RX TEG IDs and the details of the signaling procedure are open for further study. 

In this contribution, we propose to define a maximum number of reported RX TEG IDs for both cases equal to 4 (N = 4 and M = 4). 
In case of the RSTD measurements, we believe that the TRP can be a reference TRP or a neighbour TRP. The DL PRS signal from the reference TRP and the neighbour TRPs can be measured using different UE RX TEG IDs. The measurements can be performed within a single transmission period or across multiple number of transmission periods. The maximum number of measurements performed within a single transmission period using different RX TEG IDs should be equal to N.

In case of the RTOA measurements, the measurements can be performed within a single transmission period or across multiple number of transmission periods. The maximum number of measurements performed within a single transmission period using different RX TEG IDs should be equal to M.

Based on the provided considerations, we have the following proposals:


Support the LMF to request a UE to optionally measure the same DL PRS Resource of a TRP with N different UE RX TEG IDs and report the corresponding multiple RSTD measurements
Support the maximum number of N values equal to 4
The TRP can be a reference TRP or a neighbor TRP
The reference TRP and the neighbor TRP can be measured with different UE RX TEG IDs
The measurements can be performed for the same DL PRS Resource within a single transmission period or across multiple transmission periods
For the multiple measurements performed within a single transmission period, the following measurement format can be used:
[bookmark: _Hlk83559789]{RSTD, UE RX TEG ID for reference TRP, UE RX TEG ID for neighbor TRP} for the nth measurement, where n = 1, 2, …, N


Support the LMF to request a TRP to optionally measure the same UL SRS Resource for positioning of a UE with M different TRP RX TEG IDs and report the multiple corresponding RTOA measurements
Support the maximum number of M values equal to 4
For the multiple measurements performed within a single transmission period, the following measurement format can be used:
{RTOA, TRP RX TEG ID} for the mth measurement, where m = 1, 2, …, M 

Measurement Time Window
The concept of the measurement time window was discussed at the previous meeting and the following agreement has been made, [1]:
	Agreement:
1. Consider the following options (both could be selected) until RAN1#106b-e
0. Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
0. Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
0. FFS: the details of the MTW configuration.
Any requirements can be discussed by RAN4 after decision on the options is made.



The motivation for introduction of the Measurement Time Window (MTW) is to facilitate multiple UE and gNB Rx-Tx time difference measurements in the same time window and avoid potential mismatch between the reported UL and DL measurements. 

We believe that the addressed issue can be solved by implementation configuring similar periodicity for the DL PRS and the UL SRS transmissions. The UE and gNB can perform multiple measurements with different timestamps and report them to the LMF to avoid mismatching. 


The issue of potential mismatching of the UE and gNB measurements can be solved by implementation configuring similar periodicity for the DL PRS and UL SRS transmissions.

UE Rx-Tx Reporting
The modification of the UE Rx-Tx time difference measurement signaling due to timing change at the UE side was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]: 
	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.



In the considered scenario, a UE computes the UE Rx-Tx time difference using the UE transmit timing of the uplink subframe #j that is closest in time to the DL subframe #i received from the TRP. Due to UE timing change, a UE may not be able to transmit the UL SRS for positioning using the uplink subframe #j and transmits it later using uplink subframe #k. In that case the reported UE Rx-Tx time difference needs to be corrected. 

Three options have been considered to fix the issue, including options 1 – 3.
In option 1, the UE may report an additional UL timestamp associated with the UE Rx-Tx time difference measurement corresponding to the timing of the UL subframe used for the UL SRS transmission. In that case, the UE shall compensate for the difference of the transmit timing of the subframe #j and the transmission timing of the subframe containing the SRS signal. 
In option 2, the UE may report Timing Adjustment (TA) change information using association either with TX TEG ID or UE Rx-Tx time difference measurement report. The reported TA change includes the TX timing change with a timestamp that this change has occurred. The UE does not compensate the TA timing change in that case.
In option 3, which is similar to option 1 considered above, the UE has a choice not to compensate the TA, but rather report it with the UE Rx-Tx time difference measurement. 

We are in favor of option 1, where the UE may report an additional timestamp associated with the UL Rx-Tx time difference measurement and shall compensate for the difference of the transmit timing of the subframe #j and the transmit timing of the subframe containing the SRS signal.

We have the following proposal for modification of the UE Rx-Tx time difference definition:


Support modification for the UE Rx-Tx time difference reporting, including the following:
The TUE TX is the UE transmit timing of the uplink subframe #j, that is closest in time to the downlink subframe #i received from the TRP, unless the UE reported the UL timestamp associated with the measurement
In case if UL timestamp is reported, the UE transmit timing TUE TX should correspond to the UE transmit timing of the reported subframe

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 reporting of the UE TX TEG ID and the UE RX TEG ID associated with the UE Rx-Tx time difference measurements, where:
The UE TX TEG ID is associated with the UL SRS Resource for positioning corresponding to the TX timing of the UE Rx-Tx time difference measurement
The UE RX TEG ID is associated with one DL PRS Resource (or more DL PRS Resources) corresponding to the RX time of the measurement

Proposal 2: 
Support the LMF to request a UE to optionally measure the same DL PRS Resource of a TRP with N different UE RX TEG IDs and report the corresponding multiple RSTD measurements
Support the maximum number of N values equal to 4
The TRP can be a reference TRP or a neighbor TRP
The reference TRP and the neighbor TRP can be measured with different UE RX TEG IDs
The measurements can be performed for the same DL PRS Resource within a single transmission period or across multiple transmission periods
For the multiple measurements performed within a single transmission period, the following measurement format can be used:
{RSTD, UE RX TEG ID for reference TRP, UE RX TEG ID for neighbor TRP} for the nth measurement, where n = 1, 2, …, N

Proposal 3: 
Support the LMF to request a TRP to optionally measure the same UL SRS Resource for positioning of a UE with M different TRP RX TEG IDs and report the multiple corresponding RTOA measurements
Support the maximum number of M values equal to 4
For the multiple measurements performed within a single transmission period, the following measurement format can be used:
{RTOA, TRP RX TEG ID} for the mth measurement, where m = 1, 2, …, M

Proposal 4: 
Support modification for the UE Rx-Tx time difference reporting, including the following:
The TUE TX is the UE transmit timing of the uplink subframe #j, that is closest in time to the downlink subframe #i received from the TRP, unless the UE reported the UL timestamp associated with the measurement
In case if UL timestamp is reported, the UE transmit timing TUE TX should correspond to the UE transmit timing of the reported subframe
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