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1. Introduction
In last RAN4 meeting, the mobility requirement for NR NTN has been discussed and the agreements were captured in the WF[1].
In this contribution, we further discuss the measurement procedure requirements for NTN, including following topics:
· Cell selection and reselection
· CHO
2. Cell selection and reselection 
In last RAN4 meeting, followings were agreed.
	Issue 2-1-1: Relaxation on cell reselection margin
Agreement:
· Relaxation on cell reselection margin (referring to rangeToBestCell or ‘the cell is at least 3dB better ranked in FR1’ in reselection requirements) will be discussed in Performance Part.
Issue 2-1-3: Cell Selection/Reselection delay requirements
· Agreements
· Same cell Selection/Reselection delay requirements will apply for UE Idle/Inactive mode for LEO and GEO scenarios
· The requirements shall be based on LEO scenario assumptions
Agreement:
· The above agreement also applies to TN cells when UE is in NTN NR Idle/Inactive mode, i.e. when UE is monitoring paging channel from NTN cell.
· (note) The above doesn’t stop further enhancement/relaxation due to certain reasons, e.g. similar manner in present specification: reselection with relaxed measurement criterion besides of normal reselection requirement.
Issue 2-1-4: Higher priority search
Agreement:
· The current T_higher_priority_search can be modified as (K * M_layers) seconds for NTN UE requirement. And E-UTRAN carrier won’t be included in the definition of M_layers.
· For GEO,
· Option 1: K 60 and M_layers = N_layers (same as the current requirement)
· Option 2: Modify K and/or M_layers (< N_layers)
· Option 2a: Fixed value
· Option 2b: Based on system information (e.g. reference location, remain service time) and UE assist information (e.g. UE location), K and M_layers can be differently determined.
· For LEO,
· Option 1: K 60 and M_layers = N_layers (same as the current requirement)
· Option 2: Modify K and/or M_layers (< N_layers)
· Option 2a: Fixed value
· Option 2b: Based on system information (e.g. reference location, remain service time) and UE assist information (e.g. UE location), K and M_layers can be differently determined.
· (Note) It should be also addressed how the requirement applies if UE can’t know whether target measurement cells are TN, GEO, LEO earth moving, or LEO earth fixed.
· FFS


Regarding NTN cell reselection in Idle/Inactive mode, RAN2 agreed that,
Agreements via email - from offline 103 - third round
1. Update of ephemeris and common TA information does not affect the value tag and does not trigger SI modification procedure.
2. The ntnUlSyncValidityDuration applies to the whole SIBX. UE acquires the updated SIBX when the timer expires. FFS whether to also include it in the LS to RAN1. FFS if this applies only to Connected mode or to idle mode UE as well
3. Location information can be used to determine when to start measurement.
4. UE may choose not to perform neighbour cell measurements of “NR intra-freq or inter-freq with equal or lower priority, or inter-RAT freq with lower priority”, if (the distance between UE and serving cell reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
5. Location-based measurement initiation is only applied if the cell broadcasts location-related parameters (e.g. a threshold) and by implementation the UE has location information.
6. Before the stop-time based measurements are triggered, the UE measurements follow Legacy behaviour (i.e., based on Srxlev/Squal) and there is no measurement relaxation.
7. Cell stop time is not applied to cell ranking in determining the target cell for reselection.
For location-based measurement initiation for cell reselection, the margin of GNSS measurement error shall be considered for UE on top of the location-related threshold. Since in UE timing requirement discussion we assumed 50 meters as UE GNSS measurement error, here we also think the margin of UE GNSS measurement error for location-related threshold could be 50 meters. That means, if the distance between UE and serving cell reference location is longer than a ‘configured threshold + GNSS measurement margin’, UE could initiate the measurement for cell-reselection in IDLE/Inactive mode.
Proposal 1: UE initiates the measurement for cell-reselection in IDLE/Inactive mode if the distance between UE and serving cell reference location is longer than a ‘nework-configured threshold + GNSS measurement margin’.
· GNSS measurement margin is 50 meters.
Regarding issue 2-1-4: Higher priority search, since RAN4 agreed that same cell Selection/Reselection delay requirements will apply for UE Idle/Inactive mode for LEO and GEO scenarios and the requirements shall be based on LEO scenario assumptions. We think this agreement may be still applied for higher priority search, otherwise the requirement would be very complicated for different satellite types and needs to differentiate the conditions of whether UE knows target satellite type or not. On the other hand, the mobility requirement is not so sensitive for higher priority search before reselection measurement initialization since anyway the serving cell quality is still good, e.g., in HST scenario, we didn’t shorten this higher priority search delay either.
Proposal 2: current higher priority search delay requirements will apply for UE Idle/Inactive mode for both LEO and GEO scenarios, i.e., K=60 and M_layers = N_layers.
3. CHO
In last RAN4 meeting, followings were agreed.
	Issue 2-2-1: Timeline for NTN CHO
Agreement:
· Option 1: The timeline for NTN CHO is defined as the time between the end of the last TTI containing the RRC command and the start the transmission of the new uplink PRACH, which can be expressed as follows:
· DCHO = TRRC + TEvent_DU + [Tmeasure] + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is 
· Option 1-1-1: the time from either when the UE successfully decodes a conditional handover command or T1, whichever comes second until a condition exists at the measurement reference point which will trigger the conditional handover. 
· Option 1-1-2: the time from when the UE successfully decodes a conditional handover command until the later of the time when a measurement condition exists at the measurement reference point and the time when a time or location condition (if configured) exists.
· Other options are not precluded.
· Tmeasure is the measurements time delay, and the exact definition is
· Option 1-2-1: the time from the end of TEvent_DU until UE executes a handover to a target cell and interruption starts.
· Option 1-2-2: time uncertainty between RSRP trigger event and T1/T2 for time-based CHO or between RSRP trigger event and location event trigger for location-based CHO
· Option 1-2-3: for time-based CHO, Ttime is added to DCHO: Ttime is the delay between UE successfully decodes the command until T1 which is configured by the network; only after T1 does the UE monitors the event triggering CHO. If T1 is before RRC decoding completion, Ttime = 0.
· Other options are not precluded.
· FFS whether the timing differences between serving and target cells are included in Tmeasure
· TCHO_execution is the UE execution preparation time for conditional handover. 
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH. FFS on whether to add an additional delay due to system information reading from a target cell when UE does not have a valid target’s cell information by the time when UE transmits PRACH toward the target cell, which will be determined when RAN2 response LS is received.
· For time-based CHO (in combination with the existing R16 CHO measurement):
· CHO shall not be carried out before T1. Here, T1 is defined by RAN2 and represents the earliest point in time when the UE can perform CHO to the candidate target cell.
· CHO shall not be carried out after T2. Here, T2 is defined by RAN2 and represents the end of the time window.
· Exact position of T1 in time is FFS
· FFS on if ‘T2-T1’ is less than ‘Tmeasure + Tinterrupt + TCHO_execution’, the requirement is not applied.
· Needs RAN2 confirmation on whether UE should complete the CHO during [T1, T2].
· For location-based CHO (in combination with the existing R16 CHO measurement):
· FFS: CHO shall not be carried out when condEvent L4 is not met.
· (Note) condEvent L4: Distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2
· Option 2: DCHO = TRRC + Ttime + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution+ Tdiff, where
· Ttime is the time duration from UE successfully decode the CO command to the time point configured by the network as the starting point of UE monitoring the triggering of CHO, which is T1.
· Tdiff is the absolute timing difference in ms, between serving and target cells. FFS whether it can be included in Tmeasure.
· 	TEvent_DU is the delay uncertainty which is the time from T1, to the time instance where a condition exists at the measurement reference point which will trigger the conditional handover.
· Other detailed side conditions need to be further checked, e.g. ±[3200]Tc in 6.1.4.2.2 Measurement time.


Regarding time+RRM based CHO, the timeline could be as below
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In our understanding, we only need to check if the T1 is before or after the timing point when ‘UE identified target cell met RRM condition’, because RAN2 defined that CHO can be executed only between T1 and T2; that is, it makes more sense to check the T1 and the tentative CHO execution timing(‘tentative’ means UE meets the RSRP/RSRQ condition and check if T1 is met). Based on the above illustration, we propose:
·  DCHO_NTN = TRRC + TEvent_DU + [Tmeasure] + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. (same as legacy TN TEvent_DU)
· Tmeasure:
· If T1 is earlier than the timing when UE identified target cell met RRM condition, Tmeasure is time from the end of TEvent_DU until the timing when UE identified target cell met RRM condition. 
· Otherwise, Tmeasure is time from the end of TEvent_DU until T1.
· TCHO_execution is the UE execution preparation time for conditional handover. 
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.
· If T2 is earlier than the end the Tmeasure, no CHO requirement should be applied.
Proposal 3: for time+RRM based NTN CHO, the CHO delay shall be defined as:
· DCHO_NTN = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. (same as legacy TN TEvent_DU)
· Tmeasure:
· If T1 is earlier than the timing when UE identified target cell met RRM condition, Tmeasure is time from the end of TEvent_DU until the timing when UE identified target cell met RRM condition. 
· Otherwise, Tmeasure is time from the end of TEvent_DU until T1.
· TCHO_execution is the UE execution preparation time for conditional handover. (same as legacy TN TCHO_execution)
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.
· If T2 is earlier than the end the Tmeasure, no CHO requirement should be applied.
Regarding location + RRM CHO, the timeline could be as below,
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In our understanding, we only need to check if the distance condition is before or after the timing point when ‘UE identified target cell met RRM condition’, because RAN2 defined that CHO can be executed only when both distance condition and RRM condition are met. Based on the above illustration, we propose:
Proposal 4: for location+RRM based NTN CHO, the CHO delay shall be defined as:
· DCHO_NTN = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. (same as legacy TN TEvent_DU)
· Tmeasure:
· If distance condition is met earlier than the timing when UE identified target cell met RRM condition, Tmeasure is time from the end of TEvent_DU until the timing when UE identified target cell met RRM condition. 
· Otherwise, Tmeasure is time from the end of TEvent_DU until distance condition is met.
· TCHO_execution is the UE execution preparation time for conditional handover. (same as legacy TN TCHO_execution)
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.
4. Conclusion
In this contribution, we further discuss the measurement procedure requirements for NTN, including following topics:
· Cell selection and reselection
· CHO
Proposal 1: UE initiates the measurement for cell-reselection in IDLE/Inactive mode if the distance between UE and serving cell reference location is longer than a ‘nework-configured threshold + GNSS measurement margin’.
· GNSS measurement margin is 50 meters.
Proposal 2: current higher priority search delay requirements will apply for UE Idle/Inactive mode for both LEO and GEO scenarios, i.e., K=60 and M_layers = N_layers.
Proposal 3: for time+RRM based NTN CHO, the CHO delay shall be defined as:
· DCHO_NTN = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. (same as legacy TN TEvent_DU)
· Tmeasure:
· If T1 is earlier than the timing when UE identified target cell met RRM condition, Tmeasure is time from the end of TEvent_DU until the timing when UE identified target cell met RRM condition. 
· Otherwise, Tmeasure is time from the end of TEvent_DU until T1.
· TCHO_execution is the UE execution preparation time for conditional handover. (same as legacy TN TCHO_execution)
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.
· If T2 is earlier than the end the Tmeasure, no CHO requirement should be applied.
Proposal 4: for location+RRM based NTN CHO, the CHO delay shall be defined as:
· DCHO_NTN = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. (same as legacy TN TEvent_DU)
· Tmeasure:
· If distance condition is met earlier than the timing when UE identified target cell met RRM condition, Tmeasure is time from the end of TEvent_DU until the timing when UE identified target cell met RRM condition. 
· Otherwise, Tmeasure is time from the end of TEvent_DU until distance condition is met.
· TCHO_execution is the UE execution preparation time for conditional handover. (same as legacy TN TCHO_execution)
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.
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