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Introduction
In this contribution FFS issues on the following are addressed [1]:
· applicable timing error margins for Rx TEGs,
· candidate timing error margins for RxTx TEGs,
· test cases related to TEG,
· relative UE Rx-Tx accuracy requirements related to TEG,
· TEG based measurement reporting.
Discussion
Applicable timing error margins for Rx TEGs
Candidate timing error margin values for Rx TEG were agreed in RAN4#103-e [1]. The applicable timing error margin values that a UE selects from the pre-defined values for PRS measurement is FFS. 
Agreements:
· Candidate timing error margins: 
· 0Tc, 2 Tc, 4 Tc, 6 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 56Tc, 64 Tc, 72 Tc, 80 Tc.
FFS: The applicable timing error margin values that can be selected by the UE are the pre-defined values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS/SRS BW) and frequency drift margin.
One of the proposals on how UE shall select the applicable timing error margin values among the pre-defined values is based on the UE implementation. The UE may select a timing error margin value that is smaller than the sum of the Rel. 16 group delay margin and frequency drift margin that depend on the PRS bandwidth. 
Observation 1: UE may apply timing error margin value that is smaller than 22Tc and 18Tc, respectively, to meet the most stringent RSTD accuracy requirement in FR1 and FR2 for AWGN. 
Observation 2: UE may apply timing error margin value smaller than 33Tc, and 48Tc, respectively to meet the most stringent RSTD accuracy requirement in FR1 and FR2 for fading channel. 
The agreed pre-defined timing error margin values for Rx TEG provides UE with a possibility to select timing error margin value that is not larger than the sum of the Rel. 16 group delay margin and frequency drift margin, even to meet the most stringent target measurement accuracy requirements for RSTD, in our view the FFS shall be agreed.
Proposal 1: The applicable timing error margin values for Rx TEG that can be selected by the UE are the pre-defined values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS BW) and frequency drift margin.
Candidate timing error margins for RxTx TEGs
RAN4#103-e also discussed the candidate timing error margin values for RxTx TEGs. The candidate margin values are FFS with the following options:
Candidate options:
· Option 1: 
· (16 values): 1/2 Tc, 1 Tc, 2 Tc, 4 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 64 Tc, 80 Tc, 96 Tc, 128 Tc.
· Option 2: 
· Use the same candidate values as Rx TEG.

RxTx TEG may be used by UE to perform Rx-Tx time difference measurement, where Rx measurement corresponds to the reception time of PRS and Tx measurement corresponds to the transmission time of SRS during multi-RTT positioning.
TRx = TRx,true +  ∆Rx,error, where ∆Rx,error< RxTEG_margin,
TTx = TTx,true + ∆Tx,error, where ∆Tx,error< TxTEG_margin,
UE Rx-Tx = TRx - TTx = TRx,true - TTx,true + (∆Rx,error - ∆Tx,error), where (∆Rx,error - ∆Tx,error) < RxTxTEG_margin.
Therefore, the candidate margin values for RxTx TEG must be able to accommodate magnitude of difference between Rx and Tx TEG margin values. 
In the past couple of meetings, Rx TEG and Tx TEG frameworks and the candidate margin values were discussed and agreed. Based on the agreements the following observation can be made:
Observation 1: Based on its implementation UE selects one margin value from the predefined candidate margin values for Rx TEG and Tx TEG.
Observation 2: The margin values for Rx and Tx TEG may or may not be same.
Observation 3: The candidate margin values for RxTx TEG shall accommodate the difference between the UE selected margin value for Rx TEG and Tx TEG.
Observation 4: Based on observation 3 candidate margin values 1/2Tc, 1Tc, 96Tc, and 128Tc in option 1 may not be needed. 
Observation 5: Candidate margin values for Rx TEG can be adopted for RxTx TEG such that the magnitude of the difference between Rx TEG and Tx TEG margins for Rx-Tx time difference measurement may be well accommodated. 
Based on observation 5, candidate values for Rx TEG may also be used for RxTx TEG.
Proposal 2: Use the same candidate values as Rx TEG for RxTx TEG. 
Test cases related to TEG
TEG based measurement is the new UE capability introduced in Rel. 17. RAN4#103e discussed and agreed to define test cases for RSTD measurement accuracy requirements related to TEGs. And whether to define test case for UE Rx-Tx time difference measurement accuracy requirements related to TEGs was agreed FFS in the WF document [1]. 
Agreements:
· Define test cases for RSTD measurement accuracy requirements related to TEGs
· FFS: whether to define test case for UE Rx-Tx time difference measurement accuracy requirements related to TEGs.
· FFS: For the test case of RSTD and UE Rx-Tx measurement accuracy requirements related to TEG, the current test configurations in TS 38.133 clause A.6.7.13.1/ A.7.7.10.1 and clause A.6.7.15.1/ A.7.7.12.1 can be reused except that UE shall use the same TEG to perform the measurement on both cells
Depending on the UE capability, UE Rx-Tx time difference measurement may also be based on TEG. For TEG based UE Rx-Tx measurement, RxTx TEG may be used and the Rx-Tx timing difference measurement error is expected to be within the selected margin value. Since the UE Rx-Tx measurement accuracy is bounded by the margin value, it is therefore necessary, similar to RSTD measurement, to define a test case to verify that the TEG based Rx-Tx time difference measurement meets the accuracy requirement related to TEG. 
The second FFS item in above agreement is related to definition of test cases for TEG based RSTD and UE Rx-Tx measurement accuracy requirement. Based on the work split document agreed in RAN4#103-e, test cases for Rx TEG based RSTD measurement accuracy is already agreed. For UE Rx-Tx measurement accuracy requirement test case, similar to Rx TEG based RSTD accuracy requirement test case, Rel. 16 setup can be reused. 
Proposal 3: Define test case for UE Rx-Tx time difference measurement accuracy requirement related to TEG.
Proposal 4: Rel. 16 setup can be reused to define test case for TEG based UE Rx-Tx measurement accuracy requirement. Rel.16 setup shall be updated to support UE reported RxTx TEG margin value and UE is expected to meet the accuracy requirement corresponding to the RxTx TEG to pass the test. Applicability rules for RxTx TEG accuracy requirement test case is not precluded.  
Relative UE Rx-Tx accuracy requirements related to TEG
In addition to the test cases related to TEG, the need of accuracy requirement for TEG based measurement was also discussed in the last meeting. As an output of the discussions, it was agreed to define absolute RSTD measurement accuracy requirements when the measurements of reference cell and neighbor cell are within the same Rx TEG. Whether to define relative UE Rx-Tx accuracy requirements with timing error for the case where two measurements are in same RxTx TEG was agreed for further study.
Agreements:
· Define absolute RSTD measurement accuracy requirements when the measurements of reference cell and neighbor cell are within the same Rx TEG.
· When defining the absolute accuracy requirements of RSTD, the simulation results of RSTD in R16 can be reused.
· Discuss whether to define relative UE Rx-Tx accuracy requirements with timing error for the case where two measurements are in same RxTx TEG.
Similar to RSTD measurement, it shall be enough to define absolute measurement accuracy requirement for UE Rx-Tx time difference measurement.
Proposal 5: Define only absolute measurement accuracy requirement for UE Rx-Tx time difference measurement. 
TEG based measurement reporting
RAN4#102-e agreed to adopt Rx TEG framework also for RxTx TEG [2]. Based on the agreed framework a UE with TEG capability selects a margin value among the pre-defined margin values and performs the RSTD/Rx-Tx time difference measurement. The same margin value applies to all TEGs if UE has multiple TEGs that it can use for the measurements. The applicability of the UE reported TEG ID and the associated margin value is limited to the measurements contained in a single measurement instance. Each measurement instance contains at least one measurement and is time stamped. And up to 32 measurement instances can be contained in a single measurement report [3]. RAN4#103-e agreed that the reported value for the timing error margin of Rx/RxTx TEGs can be different at different times. Therefore, within a measurement report the measurements in different instances may be associated with different TEGs or the measurements in different instances may be from the same TEG with a different margin value. In either of the cases, the measurements within a measurement report may be from different TEG margin values.
Observation 6: Within a measurement report the measurements in different instances may be associated with different TEGs or the measurements in different instances may be from the same TEG with a different margin value.
When a different margin value is selected over time, there is no requirement on the UE to consider margin values that are reasonably close to each other such that the magnitude of the difference between two margin values is within a threshold. The UE may select applicable timing error margin values for TEG that is not larger than the sum of the Rel. 16 group delay margin and frequency drift margin. 
For instance, UE may select any of the predefined Rx TEG margin values to meet the absolute RSTD accuracy requirement corresponding to PRS BW of 24 PRB in FR1 (15 kHz SCS) for AWGN channel. This means the UE can meet absolute RSTD accuracy requirement corresponding to PRS BW of 24 PRB in FR1 (15 kHz SCS) for AWGN channel either by applying margin value of 0Tc or by applying margin value of 80Tc. 
As there is no requirement on the UE side on how a margin value shall be selected, based on the margin value applicability a UE may select 0Tc for the RSTD measurement in one instance and 80Tc for the RSTD measurement in another instance. Even though the measurements are heterogeneous, in the sense that the measurements in different measurement instances may have been performed with different margins, the RSTD measurement accuracy requirement is fulfilled. However, the heterogenous measurements within a measurement report dilutes the achievable positioning accuracy. To overcome a situation like this, a measurement reporting condition shall be defined. The condition shall allow UE to determine whether or not to report the measurement. One of the ways to define such a condition may be based on the magnitude of the difference between the two margins selected by the UE to perform measurements in two different measurement instances. Based on the condition, the UE may decide whether or not to report the measurement to the network.
Proposal 6: Define measurement reporting condition based on margin value for TEG based measurements.
Proposal 7: Measurement reporting condition may be based on the magnitude of the difference between two margin values selected by the UE to perform positioning measurements (RSTD and UE Rx-Tx) in different measurement instances is within a threshold. Threshold value is FFS. 
Observation 7: Measurement reporting condition allows UE capable of Rx TEG based RSTD measurements to decide whether or not to report ∆RSTD defined in clause 10.1.23.3.2 of TS 38.133. 
Observation 8: Measurement reporting condition allows UE capable of RxTx TEG based Rx-Tx time difference measurement decide whether or not to report ∆TUE Rx-Tx defined in clause 10.1.25.3.2. 
Proposal 8: The UE capable of Rx TEG, shall report ∆RSTD defined in clause 10.1.23.3.2 provided that the magnitude of difference between timing error margins of the two TEGs used for the two RSTD measurements (RSTD1 and RSTD2) for deriving ∆RSTD is below X Tc; X is TBD. Otherwise, the UE does not report the measurement.
Proposal 9: The UE capable of RxTx TEG, shall report ∆TUE Rx-Tx defined in clause 10.1.25.3.2 provided that the magnitude of difference between timing error margins of the two TEGs used for the two UE Rx-Tx time difference measurements (TUE Rx-Tx1 - TUE Rx-Tx2) for deriving ∆TUE Rx-Tx is below X Tc; X is TBD. Otherwise, the UE does not report the measurement.
Summary
In this paper, FFS issues related to Rx/Tx delay mitigation are discussed. Based on the observations below:
Observation 1: Based on its implementation UE selects one margin value from the predefined candidate margin values for Rx TEG and Tx TEG.
Observation 2: The margin values for Rx and Tx TEG may or may not be same.
Observation 3: The candidate margin values for RxTx TEG shall accommodate the difference between the UE selected margin value for Rx TEG and Tx TEG.
Observation 4: Based on observation 3 candidate margin values 1/2Tc, 1Tc, 96Tc, and 128Tc in option 1 may not be needed. 
Observation 5: Candidate margin values for Rx TEG can be adopted for RxTx TEG such that the magnitude of the difference between Rx TEG and Tx TEG margins for Rx-Tx time difference measurement may be well accommodated. 
Observation 6: Within a measurement report the measurements in different instances may be associated with different TEGs or the measurements in different instances may be from the same TEG with a different margin value.
Observation 7: Measurement reporting condition allows UE capable of Rx TEG based RSTD measurements to decide whether or not to report ∆RSTD defined in clause 10.1.23.3.2 of TS 38.133. 
Observation 8: Measurement reporting condition allows UE capable of RxTx TEG based Rx-Tx time difference measurement decide whether or not to report ∆TUE Rx-Tx defined in clause 10.1.25.3.2. 
 following proposals are made:
Proposal 1: The applicable timing error margin values for Rx TEG that can be selected by the UE are the pre-defined values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS BW) and frequency drift margin.
Proposal 2: Use the same candidate values as Rx TEG for RxTx TEG. 
Proposal 3: Define test case for UE Rx-Tx time difference measurement accuracy requirement related to TEG.
Proposal 4: Rel. 16 setup can be reused to define test case for TEG based UE Rx-Tx measurement accuracy requirement. Rel.16 setup shall be updated to support UE reported RxTx TEG margin value and UE is expected to meet the accuracy requirement corresponding to the RxTx TEG to pass the test. Applicability rules for RxTx TEG accuracy requirement test case is not precluded. 
Proposal 5: Define only absolute measurement accuracy requirement for UE Rx-Tx time difference measurement. 
Proposal 6: Define measurement reporting condition based on margin value for TEG based measurements.
Proposal 7: Measurement reporting condition may be based on the magnitude of the difference between two margin values selected by the UE to perform positioning measurements (RSTD and UE Rx-Tx) in different measurement instances is within a threshold. Threshold value is FFS. 
Proposal 8: The UE capable of Rx TEG, shall report ∆RSTD defined in clause 10.1.23.3.2 provided that the magnitude of difference between timing error margins of the two TEGs used for the two RSTD measurements (RSTD1 and RSTD2) for deriving ∆RSTD is below X Tc; X is TBD. Otherwise, the UE does not report the measurement.
Proposal 9: The UE capable of RxTx TEG, shall report ∆TUE Rx-Tx defined in clause 10.1.25.3.2 provided that the magnitude of difference between timing error margins of the two TEGs used for the two UE Rx-Tx time difference measurements (TUE Rx-Tx1 - TUE Rx-Tx2) for deriving ∆TUE Rx-Tx is below X Tc; X is TBD. Otherwise, the UE does not report the measurement. 
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