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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#99-e meeting, there were extensive discussions on UE Rx-Tx time difference measurement core requirements. Following agreements were made during the meeting and captured in the WF [1].
	 Measurement period for UE Rx-Tx 
· Value of X in PRS/SRS proximity condition 
· Option 1 (ZTE, QC, HW) 
· 80ms
· Option 2 (CATT, Nokia, OPPO, vivo, Ericsson, HW) 
· 160ms
· UE behavior and requirements when proximity condition is not met
· Proposals for UE behaviour
· Option 1 (ZTE, CATT, Nokia, OPPO, vivo, HW)
· The UE should still measure and report UE Rx-Tx measurement even if PRS/SRS proximity condition is not met 
· Option 2 (QC, Ericsson)
· Up to UE implementation 
· Proposals for requirements
· Option 1a (CATT, Ericsson)
· UE Rx-Tx time difference accuracy requirements may not apply
· Option 1b (Nokia)
· Accuracy requirement impact can be FFS.
· Option 2 (QC, Ericsson, HW)
· UE Rx-Tx time difference measurement requirements do not apply. 
· In RRM tests, test case setup should ensure that the PRS/SRS proximity condition is met
· 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 
· TA change due to NTA_offset change
· 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
· 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



There are remaining open issues on UE Rx-Tx time difference measurement requirements as above. Our views on UE Rx-Tx timing difference measurement core requirements were provided in [2, 3, 4] in the past meetings. In this contribution, we further provide our views on UE Rx-Tx time difference measurement period requirements.
2. Discussion
2.1 Impact due to SRS
PRS/SRS proximity condition has been discussed for many meetings. The value X for PRS/SRS proximity would be decided by considering trade-off between positioning accuracy degradation and flexibility of network configuration. Companies have different views on how the trade-off should be.
The main error introduced by PRS/SRS proximity is due to clock drift. The UE frequency error requirement is ±0.1ppm. the timing error could be accumulated to 16ns if the neighbor PRS resources and reference PRS resources are separated 160ms apart. This would introduce additional 5m positioning error. In general, UE would update downlink timing at least in 160ms periodicity to guarantee uplink transmit timing according to UE initial uplink transmit timing error requirements. The clock drift could be corrected by UE autonomous adjustment within 160ms. Therefore, we think it is reasonable to use 160ms for PRS/SRS proximity requirements.
Though RTT positioning scheme is based on UE/gNB Rx-Tx time difference measurement, the UE Rx-Tx measurement itself is based on PRS and is irrelevant of SRS transmission. So, SRS periodicity and SRS dropping are not accounted in UE Rx-Tx measurement period. When proximity condition is not met, UE should still measure and report UE Rx-Tx measurement. It is up to LMF to decide whether the results would be used in position calculation. Furthermore, UE clock drift would be calibrated periodically. The timing error due to UE clock drift is limited. For gNB Rx-Tx time difference measurement, the same can be expected. 
In addition, UE mobility would be another issue if PRS/SRS are separated too far away. For UE speed of 100km/h, the UE moves about 27m per second. If PRS and SRS are separated with 1s in time domain, then the calculated position is far from accurate. However, we think Rel-16 positioning is not targeted for high mobility scenarios. For UE speed of 30km/h, the UE moves about 8m per second. For UE speed of 3km/h, the UE moves about 0.8m per second. The SRS configuration is under gNB control. gNB could know the status of UE mobility. So gNB can configure SRS properly for different UE mobility status by taking many aspects, such as overhead, UE power saving etc., into consideration. For low mobility UEs, the SRS and PRS may be configured not to be so close. But for high mobility UEs, the SRS and PRS should be configured as closer as enough. By all means, UE should still measure and report UE Rx-Tx measurement when proximity condition is not met. 
In general, we think the PRS/SRS proximity restriction may not be necessary from UE Rx-Tx time difference measurement requirements perspective, including both measurement period requirements and accuracy requirements by taking UE downlink timing update into consideration. The impact of PRS/SRS proximity is mainly on final position accuracy due to incorrect configuration. From requirements perspective, a note may be added that positioning accuracy may be degraded when PRS/SRS proximity condition is not met. 
Proposal 1: Value of X in PRS/SRS proximity condition is 160ms.
Proposal 2: UE still measures and reports UE Rx-Tx measurement if PRS/SRS proximity condition is not met.
Proposal 3: A note may be needed that positioning accuracy may be degraded when PRS/SRS proximity condition is not met.

2.2 Impact due to TA change 
Measurement period requirements for UE Rx-Tx time difference with TA change need further discussion. 
	· 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 


It was agreed in the last meeting that UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command [5]. If measurement accuracy requirements shall not apply when UE uplink transmit time changes due to TA command, the UE may not need to continue ongoing measurement. It is reasonable that UE aborts ongoing measurement and starts new measurement with updated TA. Otherwise, the positioning accuracy would be degraded if such results are used in positioning calculation.
If UE aborts the ongoing measurement in case of timing change due to TA command, then UE Rx-Tx time difference measurement requirements do not apply.
Proposal 4: The UE shall discard the ongoing UE Rx-Tx time difference measurement and starts a new measurement if the uplink transmission timing due to network-configured TA changes during the UE Rx-Tx measurement period.
Proposal 5: UE Rx-Tx time difference measurement requirements are not applicable if TA command is received during the measurement period.

	· TA change due to NTA_offset change
· 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


NTA-offset is basically not changed in practical network. Even if it changes it should be very infrequently.  When it happens, then UE behavior and requirements applicability would be the same as TA change due to TA command. From requirements perspective it is fine to have clarification for this case.
Proposal 6: The UE shall discard the UE Rx-Tx time difference measurement and starts a new measurement if NTA-offset changes during the UE Rx-Tx measurement period.
Proposal 7: UE Rx-Tx time difference measurement requirements are not applicable if NTA-offset changes during the measurement period.

2.3 UE Rx-Tx at cell change
	· 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


For the cell change impacting SRS configuration, it would be reasonable to use same principle as for handover that UE shall restart the measurement after the SRS reconfiguration on the target cell is complete, which is already captured in the spec. The UE behaviour should be consistent in the similar scenarios. 
However, since SRS is irrelevant of UE Rx-Tx time difference measurement which is based on PRS, UE should continue ongoing measurements. The behaviour would be specified for gNB Rx-Tx time difference measurement on the other hand. However, the measurement requirements for gNB are specified with single shot assumption. So, no new requirements (behaviour) are needed to be specified for gNB Rx-Tx measurement. 
For the cell change not impacting SRS configuration, the on-going UE Rx-Tx time difference measurement should continue. The current measurement period should apply as there is no reason to be extended. 
If cell change led to TA change, the UE behaviour should follow the conclusion of impact due to TA change.
One concern raised in the last meeting is that there may be interruptions during RRC reconfiguration. If requirements are to be specified by taking RRC reconfiguration into account, then it doesn’t have to be SRS reconfiguration. Any other RRC reconfiguration would lead to same impact. We don’t think such requirements is needed. It should be leave it to UE implementation.
Proposal 8: For the cell change impacting SRS configuration, UE shall continue the on-going UE Rx-Tx time difference measurement, and the current measurement period and accuracy apply.
Proposal 9: For the cell change NOT impacting SRS configuration, the UE shall continue the on-going UE Rx-Tx time difference measurement and the current measurement period and accuracy apply.
Proposal 10: For TA change due to cell change, the UE behavior should follow the conclusion of impact due to TA change.

3. Summary
[bookmark: _Hlk23953093]In this contribution we further provide our views on UE Rx-Tx time difference measurement period requirements. Based on analysis following proposals are present.
Proposal 1: Value of X in PRS/SRS proximity condition is 160ms.
Proposal 2: UE still measures and reports UE Rx-Tx measurement if PRS/SRS proximity condition is not met.
Proposal 3: A note may be needed that positioning accuracy may be degraded when PRS/SRS proximity condition is not met.
Proposal 4: The UE shall discard the ongoing UE Rx-Tx time difference measurement and starts a new measurement if the uplink transmission timing due to network-configured TA changes during the UE Rx-Tx measurement period.
Proposal 5: UE Rx-Tx time difference measurement requirements are not applicable if TA command is received during the measurement period.
Proposal 6: The UE shall discard the UE Rx-Tx time difference measurement and starts a new measurement if NTA-offset changes during the UE Rx-Tx measurement period.
Proposal 7: UE Rx-Tx time difference measurement requirements are not applicable if NTA-offset changes during the measurement period.
Proposal 8: For the cell change impacting SRS configuration, UE shall continue the on-going UE Rx-Tx time difference measurement, and the current measurement period and accuracy apply.
Proposal 9: For the cell change NOT impacting SRS configuration, the UE shall continue the on-going UE Rx-Tx time difference measurement and the current measurement period and accuracy apply.
Proposal 10: For TA change due to cell change, the UE behavior should follow the conclusion of impact due to TA change.
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