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1	Introduction
In RAN4# 101-e a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop topics on mobility requirements which were agreed to continue study in RRM measurement part in the WF.
2	Discussion
2.1 Cell selection and reselection

	Issue 2-1-3: Cell Selection/Reselection delay requirements
· Agreements
· [bookmark: _Hlk95210886]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.




With regarding to agreement that same requirements shall be based on LEO scenario assumptions, the worst case of LEO Earth-moving scenario shall be treated as benchmark to define Selection/Reselection delay requirements.  Assume that the velocity of LEO1200 satellites is 7.56km/s and the diameter of cell will be at 90km ~190km range for FR1, a UE can stay in a cell 11.9s ~ 25.1s for FR1 maximally. 
Proposal 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra can use enhancement for HST as start point as base line for LEO and GEO scenarios. 
Table 4.2.2.3-2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with highSpeedMeasFlag-r16 (Frequency range FR1)
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	0.32
	2.56 x M2 (8 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)

	Note 1:	when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2
Note 2:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16].



On the contrary, GEO satellite’s position is fixed, and LEO Earth-fixed satellite also can keep adequate signal level or signal quality for a UE for up to several minutes. 
Referring to present Measurements of intra-frequency NR cells for UE configured with relaxed measurement criterion’ in clause 4.2.2.9, TR38.133, the relaxation results from low-mobility or not-at-cell-edge UE. Similarly, UE’s mobility can be ignored compared to satellite’s moving in NTN and GEO satellite LEO Earth-fixed satellite can keep relatively fixed position for rather longer time compared to relaxed measurement criteria  , Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra  in Table 4.2.2.9. 2-1, TR 38.133.
Proposal 2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra can use relaxation for UE fulfilling low mobility criterion for GEO and LEO Earth-fixed scenarios. Similar signalling can be defined. 
Table 4.2.2.9.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 x K1 (36 x N1 x M2 x K1)
	1.28 x N1 x M2 x K1 (4 x N1 x M2 x K1)
	5.12 x N1 x M2 x K1 (16 x N1 x M2 x K1)

	0.64
	
	5
	17.92 x N1 x K1 (28 x N1 x K1)
	1.28 x N1 x K1 (2 x N1 x K1)
	5.12 x N1 x K1 (8 x N1 x K1)

	1.28
	
	4
	32 x N1 x K1 (25 x N1 x K1)
	1.28 x N1 x K1 (1 x N1 x K1)
	6.4 x N1 x K1 (5 x N1 x K1)

	2.56
	
	3
	58.88 x N1 x K1 (23 x N1 x K1)
	2.56 x N1 x K1 (1 x N1 x K1)
	7.68 x N1 x K1 (3 x N1 x K1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If high layer signalling smtc2-LP-r16 is configured, for cells indicated in the pci-List parameter in smtc2-LP-r16, the SMTC periodicity corresponds to the value of higher layer parameter smtc2-LP-r16; for the other cells, the SMTC periodicity corresponds to the value of higher layer parameter smtc.
Note 3:	K1 = 3 is the measurement relaxation factor applicable for UE fulfilling the cellEdgeEvaluation [2] criterion.




	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.



Proposal 3: For GEO, support Option 1: K 60 and M_layers = N_layers (same as the current requirement); for LEO, the cell residence duration for a UE should differ between Earthing-moving and Earthing-fixed, but we're fine with Option 2a to keep the number uniform.

	Issue 2-1-5: Maximum interruption in paging reception
Agreement:
· Option 1: The maximum interruption in paging reception for NTN cell reselection shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period + X*Tsearch [ms], where,
· T_SI-NR is the time required for receiving all the relevant system information data;
· Ttarget_cell_SMTC_period is the periodicity of the SMTC occasions configured for the target NR cell;
· Tsearch is the time required to search the target intra/inter-frequency cell.
· X = 0 or 1. How to determine the value is FFS.
· Option 2: TSI-NR + Y*Ttarget_cell_SMTC_period + X*Tsearch [ms]
· When X≠0，Y=0 or 1



Regarding historical discussion, 2*Ttarget_cell_SMTC_period is defined for time or frequency tuning for know target cell. If Tsearch is added, normally Tsearch =Trs or 3Trs in terms of different target cell Es/Iot, it can cover timing tuning performed in 2*Ttarget_cell_SMTC_period. 
The similarity is that  Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms for handover interruption time. Only Tsearch is included. But considering worse side condition, Tsearch  in reselection shall be longer than Tsearch  in handover.
Proposal 4: The maximum interruption in paging reception for NTN cell reselection shall not exceed
· TSI-NR + 2*Ttarget_cell_SMTC_period, when the target cell is already known.
· TSI-NR + Tsearch, when the target cell is not already known. Where, Tsearch = [5]Trs.

2.1.5	Measurement relaxation with paging
	The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 v16.7.0 for the serving cell at least once every M1*N1 DRX cycle; where:
M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
otherwise M1=1.
[bookmark: _Hlk94364967]Table 3: Nserv
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv [number of DRX cycles]

	
	FR1
	FR2Note1
	

	0.32
	1
	8
	M1*N1*4

	0.64
	
	5
	M1*N1*4

	1.28
	
	4
	N1*2

	2.56
	
	3
	N1*2

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.




The UE shall not drop PO regardless of whether the PO and the SSB occur in the same time resources or when they are close to other in time. However in this case the measurement time is extended by factor of 1.5 for DRX cycle = 0.32 seconds under certain conditions e.g. when PO and SSB are 20 ms or more apart.
Table 4: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.






In Idle/Inactive mode, UE will only wake-up limited times to AGC retuning, monitor paging occasions, perform intra-frequency measurements, and inter-frequency measurements. Scaling factor M1 and M2 are introduced to ensure PO receiving through allowing longer measurement time.
In NTN, number of SMTC can be up to 4 and causes more probabilities on collision between SMTC and PO. The phenomenon occurs in both cases: PO TDM wrt SSB and PO FDM wrt SSB, depicted in Figure 1. 
· In case1, all 4 SMTC windows are close together, when the serving cell SMTC is close to PO, same as present 1 SMTC case, the other 3 SMTC windows may collide with PO. More relaxation on measurement is needed to keep PO reception.
· In case2, 3 SMTC windows are separated in distance from serving cell SMTC, part of total 4 SMTC windows may be out of reception window for AGC and measurement, and collision SMTC and PO may happen. Extra measurement time is needed to adjust receiving window to cover proper AGC and measurement.
· In case2, the fact a SSB is used for AGC before measurement shall be valid in multi-SMTC configuration, but multi-SMTC may cause last SSB for AGC is very close to next SSB for measurement and radio circuit can’t complete retuning in so short time.


[bookmark: _Ref94361664][bookmark: _Hlk95220606]Figure 1 PO TDM wrt SSB, DRX=320ms


[bookmark: _Ref94380624]Figure 2  PO FDM wrt SSB, DRX=320ms

Proposal 5:  Scaling factor M1 and M2 on measurement relaxation with paging shall be updated in NTN.
· M1=[2] if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second, for serving cell measurement, upon more than one SMTC.
· M2= [2] if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second, for intra-frequency and inter-frequency cell measurement, upon more than one SMTC.

2.2 CHO
	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):
· [bookmark: _Hlk95214889]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.



Proposal 6: In Option 1, We suppose several points: 
· Tinterrupt + TCHO_execution can be later than T2 which are not impacted by expiry of serving cell. 
· With respect to the agreement:  CHO shall not be carried out before T1, TRRC can be earlier than T1 because not RRC signaling will be received after T1. 
· TEvent_DU + Tmeasure shall be in [T1, T2].




	Issue 2-2-3: Measurement Prioritization during CHO
Agreement:
The following three options will be further discussed in RAN4#102 e-meeting.
· Option 1:
· Measurement prioritization during CHO depends on NW implementation, i.e. no enhancement.
· Option 2:
· When UE is configured with C (location and RRM) or D (time and RRM) for CHO, UE only:
· measures the SMTC window which the target cell belongs to
· measures frequency layer which the target cell belongs to
· If the condition for location or time is met,
· condition may be a time or location (e.g. T1 or location) configured by NW.
· condition may be T2-T1< 2 * SMTC periodicity
· (Note) T1 or location thread signaled by network may leave long time till serving cell expire time, in these cases, priority is not very urgent.



Essentially, it’s up to UE to start measurement between 2 bounds: the earliest detectable time for a neighbor cell and stop time of the serving cell. earliest detectable time for a neighbor cell is various to different neighbor cells. upon detected and qualified neighbor cell, UE shall complete measurement as soon as possible.  
The earliest detectable time for a neighbor cell has not definition right now, but we suppose that the earliest detectable time for a neighbor cell can determined by UE with ephemeris data of neighbor cells. UE shall have enough knowledge on SMTC which target cell belongs to. 
When CHO is configured, the parameters: location, time already imply priority behinds. If target cell is determined by UE with fulfilling timing or location criteria, i.e. UE always know when it is time to do handover, it is not necessary to keep all SMTCs monitoring in which those cells don’t fulfil timing or location criteria. 
Proposal 7: We support Option2, when UE is configured with C (location and RRM) or D (time and RRM) for CHO, UE only: measures the SMTC window which the target cell belongs to.

3	Summary
Proposal 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra can use enhancement for HST as start point as base line for LEO and GEO scenarios
Table 4.2.2.3-2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with highSpeedMeasFlag-r16 (Frequency range FR1)
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	0.32
	2.56 x M2 (8 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)

	Note 1:	when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2
Note 2:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16].



Proposal 2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra can use relaxation for UE fulfilling low mobility criterion for GEO and LEO Earth-fixed scenarios. Similar signalling can be defined. 
Table 4.2.2.9.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 x K1 (36 x N1 x M2 x K1)
	1.28 x N1 x M2 x K1 (4 x N1 x M2 x K1)
	5.12 x N1 x M2 x K1 (16 x N1 x M2 x K1)

	0.64
	
	5
	17.92 x N1 x K1 (28 x N1 x K1)
	1.28 x N1 x K1 (2 x N1 x K1)
	5.12 x N1 x K1 (8 x N1 x K1)

	1.28
	
	4
	32 x N1 x K1 (25 x N1 x K1)
	1.28 x N1 x K1 (1 x N1 x K1)
	6.4 x N1 x K1 (5 x N1 x K1)

	2.56
	
	3
	58.88 x N1 x K1 (23 x N1 x K1)
	2.56 x N1 x K1 (1 x N1 x K1)
	7.68 x N1 x K1 (3 x N1 x K1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If high layer signalling smtc2-LP-r16 is configured, for cells indicated in the pci-List parameter in smtc2-LP-r16, the SMTC periodicity corresponds to the value of higher layer parameter smtc2-LP-r16; for the other cells, the SMTC periodicity corresponds to the value of higher layer parameter smtc.
Note 3:	K1 = 3 is the measurement relaxation factor applicable for UE fulfilling the cellEdgeEvaluation [2] criterion.



Proposal 3: For GEO, support Option 1: K 60 and M_layers = N_layers (same as the current requirement); for LEO, the cell residence duration for a UE should differ between Earthing-moving and Earthing-fixed, but we're fine with Option 2a to keep the number uniform.

Proposal 4: The maximum interruption in paging reception for NTN cell reselection shall not exceed
· TSI-NR + 2*Ttarget_cell_SMTC_period, when the target cell is already known.
· TSI-NR + Tsearch,  when the target cell is not already known. Where, Tsearch = [5]Trs.

Proposal 5:  Scaling factor M1 and M2 on measurement relaxation with paging shall be updated in NTN.
· M1=[2] if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second, for serving cell measurement, upon more than one SMTC.
· M2= [2] if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second, for intra-frequency and inter-frequency cell measurement, upon more than one SMTC.

Proposal 6: In Option 1, We suppose several points: 
· Tinterrupt + TCHO_execution can be later than T2 which are not impacted by expiry of serving cell. 
· With respect to the agreement:  CHO shall not be carried out before T1, TRRC can be earlier than T1 because not RRC signaling will be received after T1. 
· TEvent_DU + Tmeasure shall be in [T1, T2].

Proposal 7: We support Option2,  when UE is configured with C (location and RRM) or D (time and RRM) for CHO, UE only: measures the SMTC window which the target cell belongs to.
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