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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 [2], and it has been agreed to analyze whether the requirements applicable for the round trip time measurement at the UE side are to be updated for NTN applications: 

	Agreement:
· FFS: RAN4 to define measurement period and accuracy requirements for UE Rx-Tx measurement
· Existing TN requirements can be used as baseline, e.g. 9.9.4.6 Measurement Period Requirements without Measurement Gaps
· NTN specific aspects including necessary side conditions, if any, will be further discussed based on RAN1 progress




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
Regarding the network verified UE location, it has been agreed by RAN1 that the baseline is the multi-round trip time measurement, which is measured and reported by the UE side, upon assistance of the network side. This is a re-utilization of a known concept previously used in terrestrial networks (NR-Multi-RTT). 
In a general sense, it is clear that the functionality of the RX-TX time difference computation in NTN is expected to be similar to the one used in TN, except for the introduction of an offset to the reported measurement. The offset exists only for accommodating the much larger RX-TX time difference to the reporting capabilities existent for this feature. 
An additional issue is related to the validity of the measurements and their respective applicability:
In short, the specification indicates that:
· when there is a modification on the UE transmit timing (by a TAC or reconfiguration of the Nta_offset) there’s an ambiguity to the UE about the RX-TX difference estimation about what is the reference transmission time for the measurement, and therefore the requirements do not apply in this case.  
· but for the case where autonomous updates were due to UE autonomous adaptation of Timing Advance, the measurements were still considered valid, as this adaptation is adopted by the UE by receiving the SRS from the reference cell and adapting its timing advance accordingly. 

	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 issue is that there are fundamental differences between the timing advance adjustment operation in TN and in NTN. 
[bookmark: _Toc149937335]The autonomous timing advance pre-compensation adopted in NTN is not similar to the autonomous corrections performed by the UE in TN.
For NTN, it was agreed that  and  are both excluded from the calculation of Tp and Tq in NTN. But those components are much more dynamic (not bound by one-shot adjustments) and the total variation of the timing advance might be much more than the limits defined by Table 7.1C.2.1-1.  Therefore, RAN4 needs to consider that  large dynamic variations in  or  will impact the accuracy of the measurements. Recently, RAN1 has reached agreements to account for such large variations:

	Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following:
· UE reports the actual index difference between subframe j and subframe i
· The uplink subframe j is closest in time to the DL subframe #i received from the TP
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported.




However, RAN1 agreement only accounts for the variation on the service link, whereas there might still be significant variation on the common delay parameters.  On the other hand, it is also important to have in mind that, in NTN, this feature is currently in use to coarsely estimate UE position (roughly 10 km of accuracy needed) for country identification purpose and that this feature can also be deployed in GSO scenarios, where the variation on the service link might be significantly low. 

In previous versions of the specification, for legacy UEs, the autonomous compensation of the UE could be as high as Tq in Table 7.1.2.1-1 , and that would not impact the UE accuracy of the reporting. For GSO scenarios, it is expected that the adjustments on  fall within this threshold for the most part. 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). 

[bookmark: _Toc142668838][bookmark: _Toc149937336]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. 
[bookmark: _Toc142668839][bookmark: _Toc149937337]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. 

Measurement gaps
As described in the WI and poined out in the introduction of the present document, the WID has not precluded that scenarios where multiple satellites are in view of the UE (see “Note 4”). Therefore, the consideration whether to capture the scenarios where the feature is working when multiple satellites are in UE view  depends on the time and effort needed to finalize the WI. 
The problem arises when the Rx-Tx measurements are performed in multiple frequency layers. Legacy requirements have it that the CSSF (carrier specific scaling factor) and the measurement gap are both used to scale the measurement period. In NTN, inter-frequency measurement gaps need to be shared with two satellites, as in many cases the UE is not capable of monitoring both satelliets within the same MG opportunity, that would make the formula for the UE Rx-Tx time period to require modifications in NTN compared to TN operations. 
Based on this, we need to clarify how RAN4 will proceed regarding the applicability of MGs and inter-frequency layer measurements in NTN:
[bookmark: _Toc149937338]For the UE Rx-Tx difference, discuss whether the scope include measurements across different frequency layers and how to treat the case where inter-frequency MGs are to be shared between more than one satellite. 


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: _Toc149937339]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.

From the soft satellite switch case, though, for a limited amount of time, the UE will have two different sources that can be used for positioning (source and target satellite) active at the same time. It might be beneficial for this UE to perform assessment in both satellites at the same time. 

[bookmark: _Toc149937340]Discuss how to handle UE measurements across both satellites when there is a soft satellite switch. 

[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: The autonomous timing advance pre-compensation adopted in NTN is not similar to the autonomous corrections performed by the UE in TN.
1. 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. 
Proposal 3: For the UE Rx-Tx difference, discuss whether the scope include measurements across different frequency layers and how to treat the case where inter-frequency MGs are to be shared between more than one satellite.
Proposal 4: 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.
Proposal 5: Discuss how to handle UE measurements across both satellites when there is a soft satellite switch.
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