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Introduction
In RAN4 #100-e-bis meeting, WF on NTN measurement is approved [1]. However, there are several issues still remain. In this contribution, we provide our views on measurement requirement for NTN 
Discussion
Validity of ephemeris information
RAN4 agreed on the basic principle for the assumption of the validity of ephemeris information for RRM requirement and test.
	· The ephemeris information is valid at UE side when the NTN ephemeris validity timer(s) for timing information related parameters is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.


A related issue has been discussed in RAN1, and the following agreements were made. However, there is no further discussion on the details on how to acquire new or additional assistance information in RAN1. 
	· The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.



Based on RAN1 and RAN4 agreements for the validity duration of ephemeris information, there is no clear UE behavior when the validity duration is expired. Even if RAN4 defines the RRM requirements only when the ephemeris validity timer is running, clear UE behavior on measurement when the validity timer is expired in CONNECTED mode is needed, i.e., whether the UE stops RRM measurements and reporting when the validity timer is expired. 
· Proposal 1. RAN4 to specify UE behavior whether the UE stops RRM measurements and reporting once the validity timer is expired (i.e., new or additional ephemeris information is not available within the associated validity duration). 


Measurement for multiple SMTC
Elevation angle related issue
In RAN4 #101e meeting, following agreements for elevation angle is made.
	The lowest elevation angles to be considered for RRM measurement/mobility related simulation calibration, if any, are:
· For GEO: 10deg
· For LEO: 30deg
(Note) The lowest angles above do not restrict UE RRM measurement/mobility to a specific angle range. If needed, further discussion and separate decision can be made in the future RAN4 meetings



As described in the above agreements, the lowest angle do not restrict UE RRM measurement/mobility to a specific angle range, but, if needed, further discussion can be made. We think that the further discussion and separate decision should be made for the measurement restriction with elevation angle as well as simulation assumption. We provide our views and issues on elevation angle.
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Figure 1. Elevation angle and distance

As illustrated in Figure 1, due the longer distance and NLOS by obstacles, the measurement performance for low elevation angle may be deteriorated. If the NW configures SMTCs/MGs to UE without knowledge of elevation angle, measurement performance of low elevation angle cannot be guaranteed. Moreover, if SMTCs/MGs are configured for the satellite which is below horizon (black line in Figure 1), UE may not detect the satellite. So, the configuration of SMTCs/MGs without knowledge of elevation angle affects the data rate and energy efficiency of UE. For this reason, the measurement and configuration of SMTCs/MGs for low angle needs to be restricted and NW should aware the elevation angle to configure SMTCs/MGs. There are many ways to inform NW about the elevation angle, and one of the approaches is that the UE is allowed not to report UE assistant information (propagation delay difference) for the satellite with low elevation angle even if the UE is provided with the ephemeris information of the satellite. 
· Proposal 2: The measurement for low angle shall be restricted. 
· For GEO: 10deg
· For LEO: 10deg (or 30deg)
· Proposal 3: To restrict the SMTC/MG configuration for low elevation satellite, the report of UE assistant information (propagation delay difference) could be deferred until satellites are located at the lowest elevation angle.

Measurement requirements
Based on RAN2 agreements, the multiple SMTCs with only different offset are configured, and the UE should use all configured SMTC in a MO if multiple SMTCs are configured. Therefore, the legacy measurement period requirement could be reused since the period of multiple SMTC is the same. If there is partial overlapping between SMTCs and simultaneous measurement is not supported, the scaling factor for the overlapping should be introduced. However, if the configured SMTCs are not overlapped or simultaneous measurement is supported, the measurement requirement could be defined by legacy measurement period requirement.
· Proposal 4. If the configured SMTCs are not overlapped or simultaneous measurement is supported, the measurement requirement could be defined by legacy measurement period requirement. If there is partial overlapping between SMTCs and simultaneous measurement is not supported, the scaling factor for the overlapping should be introduced to define measurement requirements.

Scheduling restriction for intra-frequency measurement
Similar to the scheduling restriction of TN, the scheduling restriction for NTN measurement should be considered. Depending on deriveSSB-IndexFromCell and simultaneousRxDataSSB-DiffNumerology, the scheduling restriction would be defined. When deriveSSB-IndexFromCell is enable, the UE assumes frame boundary alignment (including half frame, subframe, and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than min(2 SSB symbol, 1 PDSCH symbol) and the SFNs of all cells on the same frequency carrier are the same. In NTN, the frame boundary of signal reception between serving and neighbor cell could be different due to long propagation delay, so not all neighbor cells could not apply serving cell timing even if deriveSSB-IndexFromCell is enable. The network would configure multiple SMTC in a MO based on reported difference propagation delay between serving and neighbor cell, and each SMTC might be associated with measured cell ID. The UE can measure RSRP/RSRQ using serving cell timing during the SMTC window which is associated with serving cell ID if deriveSSB-IndexFromCell is enable. However, for other SMTCs, i.e., the SMTCs which is not associated with serving cell ID, the UE cannot assume that the frame boundary is aligned between serving and neighbor cell due to long propagation delay. 
Therefore, for the UE which does not support simultaneousRxDataSSB-DiffNumerology, 
· if deriveSSB-IndexFromCell is enable, 
· the scheduling restrictions for SSB symbols to be measured, and on 1 data symbol before/after each consecutive SSB symbols to be measured within SMTC window associated with serving cell ID is applied,
· the scheduling restrictions for all symbols within other SMTC windows which are not associated serving cell ID is applied.
· If deriveSSB-IndexFromCell is not enable, 
· the scheduling restrictions for all symbols within all configured SMTC window is applied.
 
· Proposal 5. For NTN, following scheduling restriction should be defined. 
· For the UE which does not support simultaneousRxDataSSB-DiffNumerology, 
· if deriveSSB-IndexFromCell is enable, 
· the scheduling restrictions for SSB symbols to be measured, and on 1 data symbol before/after each consecutive SSB symbols to be measured within SMTC window associated with serving cell ID is applied,
· the scheduling restrictions for all symbols within other SMTC windows which are not associated serving cell ID is applied.
· if deriveSSB-IndexFromCell is not enable, 
· the scheduling restrictions for all symbols within all configured SMTC window is applied.

Measurement relaxation
In RAN4 #101e meeting, following agreements for measurement relaxation is made.
	Issue 3-2-1: Cell Service Time based Measurement Relaxation
Conclusion:
RAN4 can discuss the following aspect further:
· Measurement can be relaxed based on cell service time information if exist and applicable. The detail scheme can be studied whereafter, e.g. no mandatory measurements before T2 or relaxed measurement required before T2. T2 is the starting time of [a new cell] measurement.

Issue 3-2-2: Location based Measurement Relaxation
Conclusion:
RAN4 can discuss the following aspect further:
· Measurement period relaxation based on distance between UE and the [reference location].


For cell service time based measurement relaxation
A UE has to start measurements on neigbhor cells before the serving cell stops covering the current area regardless of UE position or serving cell’s Srxlev/Squal condition. In other words, in NTN measurement operation, serving cell stop time should be considered as the first priority. So, clear UE measurement behaviour considering remaining cell service time should be discussed. The measurement starting time is discussed in [4], and the time for measurement relaxation to save power consumption should be defined similar to Rel-16 NR power saving in Idle/Inactive mode. 
· Proposal 6. Introduce measurement relaxation based on remaining serving cell service time similar to Rel-16 NR power saving in Idle/Inactive mode.

For location based measurement relaxation
Many companies have question for definition of reference location in last meeting, and it is defined as follows in RAN2:
	· Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
· The reference location for the event description is defined as cell center.
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Hence, the reference location denotes NTN cell centre as described in above and UE can estimate distance between cell centre and its location. If the distance between serving cell reference location and UE is less than certain threshold, the measurement can be relaxed. Also, if the distance between candidate target cell reference location and UE is greater than certain threshold, the measurement can be relaxed. The measurement relaxation configuration (low and not at cell edge) in 4.2.2.9 in 38.133 can be reused. 
· Proposal 7. The measurement can be relaxed based on distance between serving cell (or target cell) reference location and UE. Measurement relaxation configuration (low and not at cell edge) in 4.2.2.9 in TS 38.133 can be reused. 

Conclusion 
In this contribution, we provide our views on timing requirement for NTN, and we propose 
· Proposal 1. RAN4 to specify UE behavior whether the UE stops RRM measurements and reporting once the validity timer is expired (i.e., new or additional ephemeris information is not available within the associated validity duration). 
· Proposal 2. The measurement for low angle shall be restricted. 
· For GEO: 10deg
· For LEO: 10deg (or 30deg)
· Proposal 3. To restrict the SMTC/MG configuration for low elevation satellite, the report of UE assistant information (propagation delay difference) could be deferred until satellites are located at the lowest elevation angle.
· Proposal 4. If the configured SMTCs are not overlapped or simultaneous measurement is supported, the measurement requirement could be defined by legacy measurement period requirement. If there is partial overlapping between SMTCs and simultaneous measurement is not supported, the scaling factor for the overlapping should be introduced to define measurement requirements.
· Proposal 5. For NTN, following scheduling restriction should be defined. 
· For the UE which does not support simultaneousRxDataSSB-DiffNumerology, 
· if deriveSSB-IndexFromCell is enable, 
· the scheduling restrictions for SSB symbols to be measured, and on 1 data symbol before/after each consecutive SSB symbols to be measured within SMTC window associated with serving cell ID is applied,
· the scheduling restrictions for all symbols within other SMTC windows which are not associated serving cell ID is applied.
· if deriveSSB-IndexFromCell is not enable, 
· the scheduling restrictions for all symbols within all configured SMTC window is applied.
· Proposal 6. Introduce measurement relaxation based on remaining serving cell service time similar to Rel-16 NR power saving in Idle/Inactive mode.
· Proposal 7. The measurement can be relaxed based on distance between serving cell (or target cell) reference location and UE. Measurement relaxation configuration (low and not at cell edge) in 4.2.2.9 in TS 38.133 can be reused.
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