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1 Introduction
Several open issues were agreed [1] in RAN4#99-e on UE Rx-Tx measurement requirements. In this contribution, we discuss further the open issues on UE Rx-Tx measurement requirements.
2 PRS and SRS proximity condition
The regarding PRS and SRS proximity in time for meeting the UE Rx-Tx measurement requirements two candidate values of X (SRS and PRS are not within [-X, X] msec) were agreed: X=80 ms and X=160 ms.
It is up to the gNB whether to configure positioning specific SRS or legacy SRS which can also be used for other purposes. X=80 ms is too stringent for the network because the network may use the SRS also for other purposes. Furthermore, network may have to keep low SRS overheads in some scenarios. Therefore, we support X = 160 ms as this will lead to less implementation constrain in the network. 

Most companies agreed that when SRS and PRS proximity condition is not met then the UE may not meet the UE Rx-Tx time difference measurement requirements. In this case, the UE Rx-Tx time difference measurement results may lead to worse positioning accuracy. The reporting of to the LMF should be avoided. However, UE which can meet the accuracy should be allowed to report the measurement results. If the SRS and PRS are not within [-X, X] msec then is should be up to the UE whether it can still transmit the results while meeting the accuracy requirements.

· Observation 1: SRS may also be used for other purposes and in some scenarios SRS overheads may have to kept low. Shorter value of in PRS/SRS proximity condition will put more restriction on network.

· Observation 2: When PRS/SRS proximity condition is not met then UE not meeting measurement requirement may lead to worse positioning accuracy.

· Proposal 1: The Value of X in PRS/SRS proximity condition is 160 ms. 
· Proposal 2: If SRS and PRS proximity condition in proposal 1 is not met then it is up to the UE whether to transmit the UE Rx-Tx measurement results.

· Proposal 3: If the SRS and PRS proximity condition in proposal 1 is not met then the UE is not expected to meet the UE Rx-Tx time difference measurement requirements.

3 UE Rx-Tx measurement procedure under TA adjustment

The following was agreed regarding the network-controlled TA [1]:
· TA change due to TA command
· Proposals for UE behaviour
· Option 1 (Intel, CATT, Nokia, HW)
· UE shall continue UE Rx-Tx time difference measurement 
· Option 2 (OPPO, vivo, Ericsson)
· UE shall discard the UE Rx-Tx time difference measurement 
· Proposals for requirements
· Option 1 (CATT, Intel, Nokia, HW)
· UE Rx-Tx measurement period requirements are not impacted
· Option 2 (QC, OPPO, vivo, Ericsson)
· UE Rx-Tx time difference measurement requirements are not applicable 
The network configured TA command may require the UE to adjust its uplink timing in very larger adjustment step. The change can be in any direction of the UE transmission timing and regardless of the DL timing of the PRS. This is the main difference with respect to the UL autonomous timing adjustment, which follows the DL timing change. The UE takes multiple samples for the UE Rx-Tx time difference measurement and some may be taken before while others after the TA change. Therefore, upon TA change due to TA command the UE should discard the UE Rx-Tx time difference measurement results. Otherwise, the UE Rx-Tx time difference measurement will incorporate large positioning error.
RAN4 has also agreed that the Rx-Tx time difference measurement accuracy in clause 10.1.25.2 does not apply if the network-controlled TA changes. Therefore, in practice the UE should discard the Rx-Tx time difference measurement or should not report it if the TA changes during the Rx-Tx time difference measurement period. 

Therefore, the impact of the TA change due to the network configured TA command  cannot be left for the UE implementation. The UE behavior needs to be well defined. 
· Observation 3 The network configured TA command may require the UE to adjust its uplink timing in very larger adjustment step.
· Observation 4 The network configured TA command may require the UE to adjust its uplink timing in any direction wrt the DL timing.
· Observation 5 The UE takes multiple samples for the UE Rx-Tx time difference measurement and some may be taken before while others after the TA change inducing large positioning error if used for positioning.

· Observation 6 Rx-Tx time difference measurement accuracy in clause 10.1.25.2, TS 38.133 does not apply under network-controlled TA change. Therefore, the UE should discard the Rx-Tx time difference measurement to prevent reporting of inaccurate measurement results.
· Proposal 4: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing changes due to network-configured TA during the UE Rx-Tx measurement period.

· Proposal 5: The UE Rx-Tx time difference measurement requirements are not applicable if the uplink transmission timing changes due to network-configured TA during the UE Rx-Tx measurement period.

4 UE Rx-Tx measurement procedure under NTA_offset change

In the last meeting the following were agreed regarding UE Rx-Tx time difference under NTA_offset change [1]:

· Proposals for UE behaviour
· Option 1 (vivo, Ericsson)
· UE shall discard the UE Rx-Tx time difference measurement 
· Proposals for requirements
· Option 1a (CATT, HW)
· No need to clarify UE Rx-Tx measurement requirements in case of NTA_offset change
· Option 1b (HW, Intel)
· UE Rx-Tx measurement period requirements are not impacted
· Option 2 (QC, OPPO, vivo, Ericsson, Intel)
· measurement requirements are not applicable if the NTA_offset changes during the measurement period
The change in the NTA_offset can cause large change in the uplink transmission timing of the UE. The UE Rx-Tx measurement period can be long depending on several factors e.g. SRS and PRS configurations, MGRP of the configured gaps, number of multi-RTT measurements, SINR conditions etc. 

RAN4 has also agreed that the UE Rx-Tx time difference accuracy requirements in in clause 10.1.25.2, TS 38.133 do not apply under NTA_offset change during the measurement period. Therefore, in practice the UE should discard the Rx-Tx time difference measurement or should not report it if the NTA_offset changes during the Rx-Tx time difference measurement period.
Therefore, to ensure UE does not report inappropriate measurement results the UE behaviour when NTA_offset changes during the UE Rx-Tx measurement period is well defined in the specification in the core requirements.

· Observation 6: The change in the NTA_offset can cause very large change in the uplink transmission timing of the UE resulting in highly inaccurate measurement result.
· Observation 7: The UE takes multiple samples for the UE Rx-Tx time difference measurement and some may be taken before while others after the NTA_offset change inducing large positioning error if used for positioning.

· Proposal 6: The UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the UE Rx-Tx measurement period.

· Proposal 7: UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) are not applicable if the NTA_offset changes during the UE Rx-Tx measurement period.

5 UE Rx-Tx measurement procedure under cell change
The following was agreed regarding the UE Rx-Tx measurement procedure under cell change [1]:

· Measurement period requirements with cell change impacting SRS
· Option 1 (ZTE, CATT, OPPO, vivo, Ericsson, HW, Nokia) 
· UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
· Option 2 (QC, Intel, HW)
· UE Rx-Tx measurement requirements do not apply. The UE may resume the measurements after SRS is configured in the target cell
· Measurement period requirements with cell change not impacting SRS
· Option 1a (ZTE, CATT, vivo, Ericsson, HW, Intel, Nokia) 
· UE shall continue the on-going UE Rx-Tx time difference measurement, and the current measurement period and accuracy apply.
· CATT: no need to capture it in the specification 
· Option 1b (OPPO, Ericsson) 
· UE shall continue the on-going UE Rx-Tx time difference measurement, and longer measurement period is expected.
· Option 2 (QC) 
· FFS
In the existing requirements in section 9.9.4.5 (Measurement Period Requirements) the following rule is defined under cell change:

· The UE Rx-Tx time difference measurement is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete.

The underlying assumption is that the SRS is configured for UE Rx-Tx time difference on the PCell, which is the basic scenario. 

According to the approved WF in [2] at RAN4#93, the following was also agreed: 

· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:
· the UE shall restart the UE Rx-Tx time difference measurement;
· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.
In NR the SRS can be configured in different serving cells e.g. PCell, SCell, PSCell. In one scenario the serving cell e.g. PSCell, may change while SRS for UE Rx-Tx are configured on PCell. In such scenario, there is no need for the UE to restart the UE Rx-Tx time difference measurement. We therefore continue supporting to specify this UE behavior otherwise the UE will always restart the UE Rx-Tx measurement whenever there is a handover i.e. PCell change. This approach will increase measurement period and may result in positioning error due to delayed measurement. Therefore it is inefficient for positioning that the UE always has to restart the UE Rx-Tx measurement after the HO even if the SRS configuration does not change.
However, we agree that an additional delay in the UE Rx-Tx time difference is expected when the cell change does not impact SRS configuration. The additional delay is time to perform cell change. The current rule used for PRS-RSRP and RSTD when the UE continues the measurements under cell change can be extended to UE Rx-Tx time difference when the cell change does not impact SRS configuration e.g. 
The UE shall also meet the UE Rx-Tx time difference measurement requirements and measurement accuracy requirements in clause 10.1.25. However, in this case the UE Rx-Tx time difference measurement period (TUERxTx,total,HO) shall be as follows:

TUERxTx,total,HO = TUERxTx,HO + K*Teffect + THO
· Observation 8: The SRS used for the UE Rx-Tx time difference measurement may not always be configured on the serving cell which is changed.

· Observation 9:  Even when the cell change does not impact SRS configuration and the UE continues the ongoing UE Rx-Tx time difference measurement, the cell change may introduce additional delay in the UE Rx-Tx time difference measurement period.

· Proposal 8: When the cell change impacts the SRS, then the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.

· Proposal 9: When the cell change does not impact the SRS, then UE shall continue the on-going UE Rx-Tx time difference measurement and the current measurement period and accuracy apply.

· Proposal 10: In scenario in proposal 9, longer UE Rx-Tx time difference measurement period is expected. In this case UE Rx-Tx time difference measurement period (TUERxTx,total,HO) shall be as follows:
TUERxTx,total,HO = TUERxTx,HO + K*Teffect + THO

Where:

-
K is the number of times the handover occurs during TUERxTx,total,HO;

-
Teffect is the largest Teffect,i among all the positioning frequency layers;
-
THO is the time during which the UE Rx-Tx time difference measurement may not be possible due to handover; it can be up to Tinterrupt as defined in clause 6.1 of TS 38.133.
6 Summary

The following have been observed and proposed in this contribution:
PRS/SRS proximity condition:

· Observation 1: SRS may also be used for other purposes and in some scenarios SRS overheads may have to kept low. Shorter value of in PRS/SRS proximity condition will put more restriction on network.

· Observation 2: When PRS/SRS proximity condition is not met then UE not meeting measurement requirement may lead to worse positioning accuracy.

· Proposal 1: The Value of X in PRS/SRS proximity condition is 160 ms. 

· Proposal 2: If SRS and PRS proximity condition in proposal 1 is not met then it is up to the UE whether to transmit the UE Rx-Tx measurement results.

· Proposal 3: If the SRS and PRS proximity condition in proposal 1 is not met then the UE is not expected to meet the UE Rx-Tx time difference measurement requirements.

UE Rx-Tx measurement procedure under cell TA command change:

· Observation 3 The network configured TA command may require the UE to adjust its uplink timing in very larger adjustment step.

· Observation 4 The network configured TA command may require the UE to adjust its uplink timing in any direction wrt the DL timing.

· Observation 5 The UE takes multiple samples for the UE Rx-Tx time difference measurement and some may be taken before while others after the TA change inducing large positioning error if used for positioning.

· Observation 6 Rx-Tx time difference measurement accuracy in clause 10.1.25.2, TS 38.133 does not apply under network-controlled TA change. Therefore, the UE should discard the Rx-Tx time difference measurement to prevent reporting of inaccurate measurement results.

· Proposal 4: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing changes due to network-configured TA during the UE Rx-Tx measurement period.

· Proposal 5: The UE Rx-Tx time difference measurement requirements are not applicable if the uplink transmission timing changes due to network-configured TA during the UE Rx-Tx measurement period.

UE Rx-Tx measurement procedure under NTA_offset change
· Observation 6: The change in the NTA_offset can cause very large change in the uplink transmission timing of the UE resulting in highly inaccurate measurement result.

· Observation 7: The UE takes multiple samples for the UE Rx-Tx time difference measurement and some may be taken before while others after the NTA_offset change inducing large positioning error if used for positioning.

· Proposal 6: The UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the UE Rx-Tx measurement period.

· Proposal 7: UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) are not applicable if the NTA_offset changes during the UE Rx-Tx measurement period.

UE Rx-Tx measurement procedure under cell change:

· Observation 8: The SRS used for the UE Rx-Tx time difference measurement may not always be configured on the serving cell which is changed.

· Observation 9:  Even when the cell change does not impact SRS configuration and the UE continues the ongoing UE Rx-Tx time difference measurement, the cell change may introduce additional delay in the UE Rx-Tx time difference measurement period.

· Proposal 8: When the cell change impacts the SRS, then the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.

· Proposal 9: When the cell change does not impact the SRS, then UE shall continue the on-going UE Rx-Tx time difference measurement and the current measurement period and accuracy apply.

· Proposal 10: In scenario in proposal 9, longer UE Rx-Tx time difference measurement period is expected. In this case UE Rx-Tx time difference measurement period (TUERxTx,total,HO) shall be as follows:
TUERxTx,total,HO = TUERxTx,HO + K*Teffect + THO

Where:

-
K is the number of times the handover occurs during TUERxTx,total,HO;

-
Teffect is the largest Teffect,i among all the positioning frequency layers;
-
THO is the time during which the UE Rx-Tx time difference measurement may not be possible due to handover; it can be up to Tinterrupt as defined in clause 6.1 of TS 38.133.
A draft CR capturing the above proposals is provided in [3].
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