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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes objectives for the NTN enhancements in Rel-18, including the introduction of a feature of network verified UE location.:

	4.1.3	Network verified UE location


Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature




Besides, in previous meetings, RAN4 has initiated the discussion on the topic and has already reached agreements [2], and identified open issues to being discussed in the incoming meeting: 

	[bookmark: _Hlk150202822]Issue 3-2: Measurement period and accuracy requirements on RTD
Agreement:
· For UE Rx-Tx measurement period requirement, as baseline, the scope does not include measurements across different frequency layers.
· For the core part CR, Nsample = [1].

Issue 3-3: Measurement period and accuracy requirements on DL timing drift
FFS:
· No UE requirement on DL timing drift measurement/calculation.

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.

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. 




This contribution aims at some of the open issues discussed in previous RAN4 meeting and to specify requirements to cover some of the RAN1 decisions on this topic.
[bookmark: _Toc116995842]Discussion
The network verified location feature in NTN, is built upon an already existent feature (NR-Multi-RTT) and e-CID measurements, according to RAN1 agreements. 
This contribution is focused on discussing issues associated to the NR-Multi-RTT feature utilization in NTN. In a general sense, it is the same concept with very similar functionality, except that for the RX-TX time difference computation an offset has been introduced to be reported by the UE (mostly due to compatibility of previously available reporting range with the total RTT observed typically in NTN). 
However, from the UE measurement point of view, an additional issue exists. 
In short, the existent specification of NR-Multi-RTT has some provision for modifications in UE transmit timing as follows:
· NTA_offset : If the TA offset changes during the measurement period, the measurement requirements do not apply. 
· : If TA is updated during the measurement period, the measurement requirements do not apply. 
· UE autonomous correction of transmit timing advance: do not impact the applicability of the measurement requirements

	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.
(…)



In legacy specification, the reason for changes in the transmit timing advance to impact the measurement period is that sudden big changes on timing advance might disrupt the measurement of the UE RX-TX timing. But it is possible for the NW to time when those changes happen, as they are in control of the changes in both components. 
Therefore, the following observations are valid:
[bookmark: _Toc159261904]Sudden or big changes in transmit timing advance disrupt the UE RX-TX timing measurements. 
[bookmark: _Toc159261905]Previously, in legacy operations, it was very clear to the network in which points in time those disruptions were occurring. 

However, in NTN, the UE performs autonomous pre-compensation of timing, which is the major form of timing advance control in NTN.  One important question to be answered is:

Question: Should the UE autonomous adjustments in timing pre-compensation be treated as changes caused by Timing Advance commands or as the small adjustments the UE performed in legacy operation to maintain the timing advance values valid?

The value of the adjustments in NTN might be significantly higher when compared to legacy values (Tp, Tq). Besides, each UE might adopt a different “refresh rate” of timing advance, as long as they can keep the UL transmit timing within the total accuracy. This means that two different UEs, even if they are collocated, might provide two different timing adjustment response over time. Therefore, the effect of the UE autonomous pre-compensation on disrupting the UE RX-TX measurement cannot be neglected.  However, in several cases, the total adjustment time might be very low, compared to the ones addressed by Tp and Tq for the duration of the measurement period.  Based on legacy behaviour, if the adjustments are inferior to Tq within the measurement period, it seems that there is no need for reporting the UE Rx-Tx time difference (accuracy is not affected). 
Based on this, we propose a mixed approach, where the UE always reports the UE RX-Tx difference but the requirements might be relaxed when the UE is performing “large” adjustments on timing pre-compensation. It is also important to allow the UE to indicate when the transmit timing adjustment might be not as accurate because of large pre-compensation. 
Therefore, we propose:

[bookmark: _Toc149937336][bookmark: _Toc159261906][bookmark: _Toc142668838]If the UE autonomous adjustments in the service link component, , are above to Tq_NTN the UE is required to send the reporting of the service link delay variation. 
[bookmark: _Toc142668839][bookmark: _Toc149937337][bookmark: _Toc159261907]When the total autonomous variation applied by the UE in the timing advance during a measurement period (variation of  + ) exceeds [2,5]*Tp  the accuracy requirements might be further relaxed.
[bookmark: _Toc159261908]When the total autonomous variation applied by the UE in the timing advance during a measurement period (variation of  + ) exceeds [2,5]*Tp  the accuracy requirements the UE shall be capable to signal this to the NW. 




Satellite Switch with same PCI
The legacy specification covers several cases where the UE is configured with PSCell and SCell, and indicate different course of actions depending on whether there is a change on the serving cell, or whether there is an addition/release of a configured cell.
	9.9.4.5 Measurement Accuracy Requirements

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.




In the case of satellite switch, even though the UE maintains the same serving cell (logical cell), there are several triggers for the UE to restart the measurement period:
· There will be an offset in time between the SRS transmitted from the source and target satellites (this might be interpreted similarly as a SRS reconfiguration, highlighted in blue).
· The timing advance of the UE will observe a “significant” jump due to completely different service and feeder link delays experienced by this UE. 
[bookmark: _Toc159261909]For the satellite switch case (both hard ad soft) with same PCI, the UE shall consider the measurements started prior to the satellite switch invalid and restart the UE Rx-Tx time difference measurement after the switch is complete.

Measurement Period Requirements. 
The formula for measurement period requirements, related to the Rx-Tx RTT measurement, involve several parameters that account for different configuration of measurements in different scenarios. 
	9.9.4.5 Measurement Accuracy Requirements

When physical layer receives last of NR-Multi-RTT-ProvideAssistanceData message and NR-Multi-RTT-RequestLocationInformation message from LMF via LPP [34], UE shall be able to measure multiple (up to the UE capability specified in clause 9.9.4.3) UE Rx-Tx time difference measurements as defined in TS 38.215 [4] in configured positioning frequency layers within the measurement period  ms.
	.
where  is the index of positioning frequency layer,
	 is the measurement period for UE Rx-Tx time difference measurements in positioning frequency layer i as further defined in this clause, 
	L is total number of positioning frequency layers, and 
	 is the periodicity of the UE Rx-Tx time difference measurement in positioning frequency layer i as defined further in this clause.






Several of these parameters are related to measurement across different frequency layers or multiple RX TEG, which are not applicable for NTN under the scope of the present WI/Release. Therefore, RAN4 has to decide whether to maintain the current formula accounting for such factors, for future implementations; or whether they should be removed from the formula for the time being. 
[bookmark: _Toc159261910]RAN4 to decide whether the formula for measurement period requirements in TS 38.133 will keep the factors for measurements across multiple frequency layers and multiple RX TEG, as used in legacy scenarios,  or whether they should be removed for the scope of this Release. 

[bookmark: _Toc116995848]Conclusion
In this paper we analyzed the impact on RRM requirements caused by the progress of the network verified location feature in RAN1.

Observation 1: Sudden or big changes in transmit timing advance disrupt the UE RX-TX timing measurements.
Observation 2: Previously, in legacy operations, it was very clear to the network in which points in time those disruptions were occurring.
Proposal 1: If the UE autonomous adjustments in the service link component, , are above to Tq_NTN the UE is required to send the reporting of the service link delay variation.
Proposal 2: When the total autonomous variation applied by the UE in the timing advance during a measurement period (variation of  + ) exceeds [2,5]*Tp  the accuracy requirements might be further relaxed.
Proposal 3: When the total autonomous variation applied by the UE in the timing advance during a measurement period (variation of  + ) exceeds [2,5]*Tp  the accuracy requirements the UE shall be capable to signal this to the NW. 
Proposal 4: For the satellite switch case (both hard ad soft) with same PCI, the UE shall consider the measurements started prior to the satellite switch invalid and restart the UE Rx-Tx time difference measurement after the switch is complete.
Proposal 5: RAN4 to decide whether the formula for measurement period requirements in TS 38.133 will keep the factors for measurements across multiple frequency layers and multiple RX TEG, as used in legacy scenarios,  or whether they should be removed for the scope of this Release.
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