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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #109, the conclusions on RRM requirements for NR NTN enhancement were collected in WF [1]. In this contribution, we herein present our views and proposals on the remaining issues under the topic of  network verified UE location as follows.
Discussion
Issue 3-4: Measurement accuracy requirements on UL timing drift
	[bookmark: _Hlk151026944]FFS:
· No new applicability condition for UE Rx-Tx measurement requirements related to amount of variation in the applied TA during measurement period.
· If the UE autonomous adjustments in the service link component, , are inferior to Tq_NTN the UE is not required to send the reporting of the service link delay variation. 
· When the total autonomous variation applied by the UE in the timing advance during a measurement period (variation of  + ) exceeds [5]*Tp  the accuracy requirements might be further relaxed.



In the last meeting, at the least one company proposed to consider the necessity of the impact of variations in  or  to the accuracy of UE RX-TX Time measurement. 
Recap the relevant UE Rx-Tx time difference measurement accuracy requirements in TS 38.133 in the below.
	10.1.25.2	Measurement Accuracy Requirements
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall not apply, if:
NTA_offset defined in Table 7.1.2-2 changes during the UE Rx-Tx measurement period or
if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance.
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall apply provided that:
-	The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data.
If the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing adjustment defined in clause 7.1.2 then:
-	UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
-	UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment. 
When a serving cell change occurs during the UE Rx-Tx measurement period, the UE Rx-Tx time difference measurement accuracy requirements in this clause shall apply provided that the serving cell change does not impact SRS configuration for the UE Rx-Tx measurement.
The relative accuracy of UE Rx-Tx measurement in this clause is defined as accuracy of the difference between two UE Rx-Tx measurements.
The accuracy requirements in Table 10.1.25.2-1 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.



The requirement on Tp and Tq  in NTN are duplicated as follows as well:
	Table 7.1C.2.1-1: Tq_NTN Maximum Autonomous Time Adjustment Step and Tp_NTN Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]






In legacy TN requirement, if the serving cell provides DL reference signal, the UE shall be able to do compensation to deal with timing changes during the UE Rx-Tx measurement period by autonomous adjustment with requirements on Tp and Tq . By contrast, in NTN, the autonomous adjustment Tp and Tq  precludes the estimation part   or  which are involved in TTA.  
We understand that the concern is that  or   may cause negligible or non-compensable error to UE RX-TX Time measurement accuracy, apart from Tp and Tq . Furthermore,  or   hasn’t explicit restriction on the value and the update of the value. The subsequent question is whether LMF can acquire necessary information to compensate the positioning error caused by  or   other than receiving positioning report from UE?
To answer the question, we list some reference.
· Below duplicates statement on verification of UE location in TS38.300 is. By this, all information relevant to  is known by LMF. 
	For UE location verification based on multi-RTT with single satellite in NTN, at least the following UE and gNB measurements specified in TS 38.215 [59] are reported: gNB receive-transmit time difference at the uplink time synchronization reference point, UE receive-transmit time difference, UE receive-transmit time difference subframe offset and DL timing drift.
The assistance information provided to the CN may include ephemeris information including accurate satellite position and velocity at the time of multi-RTT measurement, and common TA parameters (ta-Common, ta-CommonDrift, ta-CommonDriftVariant), and Epoch time.



· further, RAN1 agreed that The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported, it implies that the information on   is also known by LMF.
The agreement and specification appear that the LMF is able to acquire the necessary information indicated by  or , even the details of compensating  or  isn’t open. Given this, we believe that RAN4 doesn’t need to manually relax  UE Rx-Tx time difference accuracy requirement.
Proposal 1: No need to consider variations of   or  in UE Rx-Tx time difference accuracy requirement, or it is referred to preclude  or  in UE Rx-Tx time difference accuracy requirement. How to design the test case to preclude/compensate the impact by  or  shall be studied.

Issue 3-5: Other impact on RRM
	FFS:
· For the satellite switch case with same PCI, the UE shall consider the measurements collected prior to the satellite switch invalid and restart the UE Rx-Tx time difference measurement after the switch is complete.
· Discuss how to handle UE measurements across both satellites when there is a soft satellite switch. 



Satellite switch with same PCI was introduced to enhance service continuity when only the satellite operating serving cell is changed meanwhile same gNB/gateway maintains the service to the UE. Even the earliest intention of introducing satellite switch assumed that the satellite switch is transparent to the UE in satellite switch, however the subsequent discussions in RAN1 and RAN2 instructed more actions to be performed by the UE during satellite switch. At the end, the UE in fact is heavily aware of the satellite switch, from start to end, for example the UE knows the timing change of the satellite switch with same PCI in terms of the information provided by the serving cell, as that of the handover.
In legacy requirements, when a serving cell change occurs during the UE Rx-Tx measurement period, the UE Rx-Tx time difference measurement accuracy requirements in this clause shall apply provided that the serving cell change does not impact SRS configuration for the UE Rx-Tx measurement.’ 
Some statements on UE Rx-Tx time difference measurement are captured in the below.
	The UE Rx-Tx time difference measurement period is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete. 
The measurement requirements do not apply for a PRS resource:
-	if the PRS resource is across two sampling duration of N within duration  or 
-	if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N.
If during the measurement period of one or more positioning frequency layers, the MG pattern is reconfigured either per UE request or not per UE request, the measurement period can be longer.
The requirements in this section apply, provided no PRS symbols are dropped during the measurement period TUERxTx,Total within measurement gaps due to collisions with other signals; otherwise, a longer measurement period may be used.
When PRS-RSRP is configured for multi-RTT, the UE Rx-Tx time difference measurements and PRS-RSRP measurements are performed over the same measurement period. 
The requirements in clause 9.9.4 do not apply if the PRS configuration given by higher layer paramters NR-DL-PRS-AssistanceData exceeds any of the UE measurement capabilities given by NR-DL-PRS-ResourcesCapability in NR-Multi-RTT-ProvideCapabilities, and it is up to UE implementation which PRS resources are measured, subject to UE measurement capabilities.
When PSCell or SCell addition or release does not cause SRS reconfiguration during the measurement period, UE continues the UE Rx-Tx time difference measurement, and the measurement period requirements apply.
When PSCell or SCell addition or release causes SRS reconfiguration during the measurement period, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
When SRS is reconfigured without serving cell change during the measurement period, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration is complete.If UE uplink transmission timing changes due to the network-configured Timing Advance command during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
When a serving cell change occurs during the measurement period, the UE shall continue and complete the UE Rx-Tx time difference measurement provided that the serving cell change does not impact SRS configuration for the UE Rx-Tx time difference measurement.
If UE uplink transmission timing changes due to the change in the NTA_offset defined in Table 7.1.2-2 during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the UE autonomous timing adjustment defined in clause 7.1.2 during the UE Rx-Tx measurement period, then:
-	UE Rx-Tx measurement period requirements in this clause shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission.
-	UE Rx-Tx measurement period requirements in this clause shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission. The UE Rx-Tx time difference measurement period may be restarted in such case.



It can be interpreted that if handover doesn’t impact SRS configuration, even incurring timing change between source cell and target cell, the UE shall be able to continue and complete the UE Rx-Tx time difference measurement still, even extra time is needed.
We understand the above interpretation also applies in the case of satellite switch with same PCI regarding the similarity to handover. For the reason, we believe that the measurement can be continued after satellite switch.
Proposal 2: Satellite switch with same PCI in principle doesn’t trigger restart of UE Rx-Tx time difference measurement mandatorily. Adding the wording about satellite switch in specification is needed, the treatment is same as the serving cell change.


Conclusion
Proposal 1: No need to consider variations of   or  in UE Rx-Tx time difference accuracy requirement, or it is referred to preclude  or  in UE Rx-Tx time difference accuracy requirement. How to design the test case to preclude/compensate the impact by  or  shall be studied.
Proposal 2: Satellite switch with same PCI in principle doesn’t trigger restart of UE Rx-Tx time difference measurement mandatorily. Adding the wording about satellite switch in specification is needed, the treatment is same as the serving cell change.
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