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1. Introduction
Measurement is one of the key topics that should be addressed in NTN WI. The initial discussion for measurement was triggered in email discussion [RAN2#111e][911] with the following scope [1]:
Scope: Discuss connected mode specific aspects, including measurement configuration/reporting aspects, CHO, etc. Assume the scenario for Earth moving or Earth fixed beam when there is no feeder link switch or service link switch in Earth fixed beams due to satellite switch
In this contribution, we’d like to give more analysis for measurement aspect in NTN system.
1. Measurement aspect for RRM in NTN
RRM is a basic function in the TN system, so we should carefully view the details one by one before directly applying the whole function to NTN system.
In our view, measurement configuration/reporting aspects at least include three parts:
Part 1: measurement initiation triggering condition;
Part 2: measurement execution principle after initiation;
Part 3: measurement report triggering condition.
We’re fine to consider the measurement configuration/reporting mechanism used in TN system is the baseline for NTN measurement, but any enhancement is not precluded if identified.
Proposal 1: The existing measurement framework (e.g. measurement configuration, execution and reporting) shall be considered as a baseline, but enhancement is not precluded if identified.
In the following three sub-clauses, we will discuss the three parts above one by one.
2.1 Measurement initiation triggering condition in NTN
Based on current NR spec, in order to limit the UE measurements, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells [2].
Observation 1: In order to limit the UE measurements for power saving, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
But in NTN system, the situation is not the same as the near-far effect is quite different between NTN and TN system. To simplify the analysis, the issue is illustrated in Figure 1:


Figure 1 A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
In TN system, a UE can determine it is near the edge of a cell due to the near-far effect – a clear RSRP/RSRQ value difference between cell center and cell edge. But such an effect may not be as pronounced in non-terrestrial deployments as the RSRP/RSRQ value difference between satellite cell center and satellite cell edge is typically less than 3dB, while the RSRP/RSRQ value difference between TN cell center and TN cell edge is typically more than 15dB.
Based on current RAN4 spec [3], the measurement accuracy requirements are listed below:
Table 1 Measurement Accuracy Defined for RSRP/RSRQ/SINR Measurement
	RSRP
	RSRQ
	SINR

	FR1
	FR2
	FR1
	FR2
	FR1
	FR2

	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency
	Intra Frequency
	Inter Frequency

	Above 4.5 dB
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Above 4.5 dB
	Above 6 dB
	Above 6 dB
	Above 2.5 dB
	Above 2.5 dB
	Above 2.5 dB
	Above 2.5 dB
	Above 3 dB
	Above 3 dB
	Above 3 dB
	Above 3 dB



According to Table 1, it’s obvious that the UE RSRP/RSRQ measurement accuracy is comparable to the RSRP/RSRQ value difference between satellite cell center and satellite cell edge. Even if the UE is located at the center of the satellite beam footprint, the RSRP/RSRQ measurement results of the serving cell may exceed the network configured measurement initiation threshold, which will cause the UE to measure the intra/inter frequency cell in advance. In the worst case, the NTN UEs have to measure the intra/inter frequency cell even if the serving cell signal is strong enough, which is not the original intention when threshold based measurement initiation method was designed based on observation1.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]RAN4 may consider define NTN specific measurement accuracy requirements during R17 NTN WID, but even if RAN4 enhances it, we think the threshold based measurement initiation method is still not workable at all. So any RAN2 measurement initiation method enhancement is not subject to whether RAN4 will define NTN specific measurement accuracy requirements, so we suggest solving this issue in RAN2.
Proposal 2: Threshold based measurement initiation triggering condition in TN system is not workable for NTN scenario and NTN specific enhancement can be considered.
Proposal 3: UE location info and satellite Ephemeris info can be used to trigger intra-frequency or inter-frequency measurements in NTN system.
2.2 Measurement execution principle after initiation
The situation on propagation delay difference in NTN system is quite different than that in TN system. To simplify the analysis, we illustrate the issue in Figure 2:


Figure 2 Two different links for transparent payloads scenario (C2) in NTN system
In Figure 2, G represents the location of NTN gateway and the location of satellites is marked by S1 and S2, while U represents the location of UE. Assume UE is in the coverage overlapping area between satellite S1 and satellite S2, the current serving satellite is S1. Due to the moving of satellite, UE should do measurement of the neighbour cell to control its mobility, e.g. cell reselection or HO. LUS1G represents the length of service link 1 which consists of user link LUS1 and feeder link LS1G, while LUS2G represents the length of service link 2 which consists of user link LUS2 and feeder link LS2G. 
The length difference between LUS1G and LUS2G may be quite huge, e.g. about 0~serval hundreds of kilometres for LEO and 0~serval thousands of kilometres for GEO. 
For connected mode UEs, even if the SMTC configurations of the neighbour cells generated by satellite S2 are configured to UE, UE may still miss the SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between tUS1G and tUS2G. To simplify the analysis, we give the timing relationship from gateway side and UE side which can directly reflect the issue:
[image: C:\Users\fanjiangsheng\Desktop\16 中国重庆\会前输入\自己文稿\NTN\捕获1.PNG]
Figure 3 Timing from gNB1 side and UE side
In Figure 3, signal delay 1 is tUS1G and signal delay 2 is tUS2G.  From the view of gNB1, UE can measure the whole SSB window of gNB2 within the measurement window configured by gNB1. But from the view of UE, due to the time difference between delay 1 and delay 2, the SSB window of gNB2 can’t be wholly covered by the measurement window configured by gNB1, which means the UE may miss the reference signal of gNB2 even if using the whole measurement window configured by gNB1.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Observation 2: For connected mode UEs in NTN system, UEs may miss the network configured SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between satellites in current NR spec.
More addition, the propagation delay difference between tUS1G and tUS2G is changing along with the moving of satellites. Even if the gateway sometimes knows the location of UEs and may compensate the propagation delay difference between tUS1G and tUS2G when configuring the measurement window to UE, but the measurement window configured by gNB1 is not changed along with the moving of satellites. As time goes by, the configured measurement window may still miss the actual SSB window of gNB2 as the actual SSB window is moving in UE side. But the maximal propagation delay difference can be calculated by the gateway based on satellite ephemeris and the minimal elevation angle of service link.
Observation 3: The propagation delay difference between satellites is changing along with the moving of satellites, but the maximal propagation delay difference can be calculated by the gateway based on satellite ephemeris and the minimal elevation angle of service link.
The propagation delay difference between neighbour satellites is variable but the difference is quite small compared to the propagation delay difference between neighbour satellite and serving satellite. So it’s simpler to just consider the worst case to cover all the other cases when studying the impact of propagation delay difference between satellites.
Proposal 4: RAN2 should consider the worst case first when studying the impact of propagation delay difference between satellites.
Both SMTC and measurement gap configuration are involved due to the propagation delay difference between satellites, RAN2 should study both.
Proposal 5: Both SMTC and measurement gap configuration enhancement should be studied due to the propagation delay difference between satellites.
For SMTC configuration, the following potential solutions can be considered:
Alt.1: Extend the measurement window to cover all the possible SSB period in NTN, in which case the configuration of SMTC is not needed.
Alt.2: Reuse current signaling for SMTC configuration. The timing of configured SMTC refer to the timing on satellites of PCell or on NTN GW of PCell (assuming that the SMTC is the same on satellite or on NTN GW for intra-frequency NTN cells), and it is up to UE to derive the real timing on UE side (e.g. take the transmission delay into account)
Alt.3: Extend the SMTC configuration based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites. 
Alt.4: NW provides SMTC configuration for each neighbour cell with different offset value, while taking different transmission delay into account. The timing of SMTC refers to the timing of PCell at UE side.
Proposal 6: For SMTC configuration in NTN, the following potential solutions can be considered:
Alt.1: Extend the measurement window to cover all the possible SSB period in NTN, in which case the configuration of SMTC is not needed.
Alt.2: Reuse current signaling for SMTC configuration. The timing of configured SMTC refer to the timing on satellites of PCell or on NTN GW of PCell (assuming that the SMTC is the same on satellite or on NTN GW for intra-frequency NTN cells), and it is up to UE to derive the real timing on UE side (e.g. take the transmission delay into account)
Alt.3: Extend the SMTC configuration based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites. 
Alt.4: NW provides SMTC configuration for each neighbour cell with different offset value, while taking different transmission delay into account. The timing of SMTC refers to the timing of PCell at UE side.
For measurement gap configuration, the following potential solutions can be considered:
Alt.1: Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.
Alt.2: Reuse the current signaling for measurement gap configuration (i.e. configure measurement gap per frequency), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.
Alt.3: Configure multiple measurement gaps per frequency and the timing of measurement gap configured refer to the timing of PCell on UE side.
Alt 4: Extend the length of the measurement gap based on the max propagation delay difference between serving and neighbor satellite to avoid UE missing the SSB burst of neighbor satellites.
Proposal 7: For measurement gap configuration in NTN, the following potential solutions can be considered:
Alt.1: Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.
Alt.2: Reuse the current signaling for measurement gap configuration (i.e. configure measurement gap per frequency), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.
Alt.3: Configure multiple measurement gaps per frequency and the timing of measurement gap configured refer to the timing of PCell on UE side.
Alt 4: Extend the length of the measurement gap based on the max propagation delay difference between serving and neighbor satellite to avoid UE missing the SSB burst of neighbor satellites.
Currently, the impact caused by absolute propagation delay difference between satellites is only applied for RRC connected based on the WI scope [4]:
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4]
Observation 4: In current R17 NTN WI scope, only connected mode is in the scope to address the issue caused by absolute propagation delay difference between satellites.
In our view, it’s too early to preclude RRC idle/inactive for the above issue. RAN2 may revisit the WI scope if enhancement is identified for RRC idle/inactive. Now we can prioritise the study for RRC connected.
Proposal 8: RAN2 will prioritise the solution for RRC connected for the issue caused by absolute propagation delay difference between satellites, but RAN2 may further evaluate whether the enhancement for RRC connected is also applied for RRC idle/inactive.
2.3 Measurement report triggering condition
In current TN system, event A1~A6 is used for measurement report triggering condition. At least event A4 is still applicable for NTN system, so we think it’s not so urgent to introduce NTN specific measurement report triggering event.
Proposal 9: No NTN specific measurement report triggering event is introduced in R17.
1. Measurement aspect for CHO trigger condition in NTN
CHO is beneficial for NTN mobility robustness, but currently, only A3/A5 event is used for CHO trigger condition in TN system. Considering the small signal difference between the NTN Cell center and the NTN cell edge, A3/A5 event can’t work well in NTN. So we prefer to use A4 event for NTN CHO trigger condition.
Proposal 10: Introduce A4 event for NTN CHO trigger condition.
1. Conclusion
In conclusion, we propose the followings:
Proposal 1: The existing measurement framework (e.g. measurement configuration, execution and reporting) shall be considered as a baseline, but enhancement is not precluded if identified.
Observation 1: In order to limit the UE measurements for power saving, the network will configure threshold parameters for idle/inactive UEs by system information; while for connected UEs, the network can use a UE specific measurements threshold to control the UE measurements of non-serving cells.
Proposal 2: Threshold based measurement initiation triggering condition in TN system is not workable for NTN scenario and NTN specific enhancement can be considered.
Proposal 3: UE location info and satellite Ephemeris info can be used to trigger intra-frequency or inter-frequency measurements in NTN system.
Observation 2: For connected mode UEs in NTN system, UEs may miss the network configured SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between satellites in current NR spec.
Observation 3: The propagation delay difference between satellites is changing along with the moving of satellites, but the maximal propagation delay difference can be calculated by the gateway based on satellite ephemeris and the minimal elevation angle of service link.
Proposal 4: RAN2 should consider the worst case first when studying the impact of propagation delay difference between satellites.
Proposal 5: Both SMTC and measurement gap configuration enhancement should be studied due to the propagation delay difference between satellites.
Proposal 6: For SMTC configuration in NTN, the following potential solutions can be considered:
Alt.1: Extend the measurement window to cover all the possible SSB period in NTN, in which case the configuration of SMTC is not needed.
Alt.2: Reuse current signaling for SMTC configuration. The timing of configured SMTC refer to the timing on satellites of PCell or on NTN GW of PCell (assuming that the SMTC is the same on satellite or on NTN GW for intra-frequency NTN cells), and it is up to UE to derive the real timing on UE side (e.g. take the transmission delay into account)
Alt.3: Extend the SMTC configuration based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites. 
Alt.4: NW provides SMTC configuration for each neighbour cell with different offset value, while taking different transmission delay into account. The timing of SMTC refers to the timing of PCell at UE side.
Proposal 7: For measurement gap configuration in NTN, the following potential solutions can be considered:
Alt.1: Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.
Alt.2: Reuse the current signaling for measurement gap configuration (i.e. configure measurement gap per frequency), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.
Alt.3: Configure multiple measurement gaps per frequency and the timing of measurement gap configured refer to the timing of PCell on UE side.
Alt 4: Extend the length of the measurement gap based on the max propagation delay difference between serving and neighbor satellite to avoid UE missing the SSB burst of neighbor satellites.
Observation 4: In current R17 NTN WI scope, only connected mode is in the scope to address the issue caused by absolute propagation delay difference between satellites.
Proposal 8: RAN2 will prioritise the solution for RRC connected for the issue caused by absolute propagation delay difference between satellites, but RAN2 may further evaluate whether the enhancement for RRC connected is also applied for RRC idle/inactive.
Proposal 9: No NTN specific measurement report triggering event is introduced in R17.
Proposal 10: Introduce A4 event for NTN CHO trigger condition.
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