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Introduction
In RAN4# 102 a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop topics on mobility requirements in the WF.
Discussion
Issue: Measurement and evaluation of serving cell
Quote requirements on measurement and evaluation of serving cell in 38.133 v 17.0.0 as follows:

	· [bookmark: _Hlk100078063]4.2.2.2	Measurement and evaluation of serving cell
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 [1] 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.
The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].



To our understanding, 10s is an acceptable time length in which UE can complete evaluation on potential intra-frequency, inter-frequency and inter-RAT cells using information indicated in SI. In other words, UE shall try to evaluate any possible detectable cell in 10s before starting cell selection.
Besides of existing measurement rules defined for legacy UE (i.e. UE served by terrestrial network), the NTN capable UE is also required to perform measurements according to additional rules which are specifically applicable to operations, e.g. mobility, in NTN.
According to TS 38.304 v17.0.0, if a parameter, “t-Service” of the serving cell is present and broadcasted in system information (e.g. in a SIB) then the UE should start to perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service, regardless of the distance between UE and the serving cell reference location or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and the exact time to start measurement before t-Service is up to UE implementation. The UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies regardless of the remaining service time of the serving cell. 
According to TS 38.304 v17.0.0, if a parameter, “distanceThresh” is broadcasted in system information (e.g. in a SIB), and if UE supports location-based measurement initiation and has valid UE location information, and the distance between UE and the serving cell reference location is shorter than distanceThresh, then the UE may choose not to perform measurements on any of intra-frequency cells, NR inter-frequency cells of equal or lower priority or inter-RAT frequency cells of lower priority. Otherwise, the UE performs measurements on intra-frequency cells, NR inter-frequency cells of equal or lower priority or inter-RAT frequency cells of lower priority. 
Accordingly, to understand the two parameters impacts on present specification, when "t-Service" is configured and fulfilled in actuality, it shows that the serving cell's signal level/signal quality is insufficient to sustain the UE's connection to the serving cell now or soon. However, "t-Service" may arrive before 10s. As a result, even if the serving cell stops covering the current region, UE is unable to perform cell selection and must wait 10 seconds, as shown in Figure 1 where UE has not met the serving cell criterion S at time instance T1. It isn’t rational and we suggest selection shall be performed at "t-Service" point in time as shown in Figure 2 if "t-Service" arrives before 10s. 


[bookmark: _Ref101438696]Figure 1 Selection after 10s


[bookmark: _Ref101438156]Figure 2 Selection at "t-Service"


Similarly in practice, even “distanceThresh” cannot explicitly and exactly indicate the time when serving cell stops covering the current area or signal level /signal quality when fulfilling “distanceThresh”, but the threshold implies that UE shall measure and reselect to suitable cell soon also. Also, UE can determine the time instance when “distanceThresh” position is reached, based on available ephemeris data. Staying 10 s before UE performs cell selection isn't always appropriate or acceptable.
Proposal 1:  If the UE has not met the serving cell criterion S at time instance T1 and if “t-Service” is present in SI then the UE shall initiate cell selection procedures when any of the following conditions is met:
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements within 10 s since T1 provided that “t-Service” occurs after T1+10s, or
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements until the time instance “t-Service” provided that “t-Service” occurs earlier than T1+ 10s.
Proposal 2:  If the UE has not met the serving cell criterion S at time instance T1 and if “distanceThresh” is present in SI then the UE shall initiate cell selection procedures when any of the following conditions is met:
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements within 10 s since T1 provided that “distanceThresh” arrives after T1+10s, or
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements until the time instance “distanceThresh” provided that “distanceThresh” arrives earlier than T1+ 10s.

Issue 2-1-4: Higher priority search
	Agreement:
RRM requirements are defined based on single NTN deployment scenario, i.e. serving and neighbour satellites are of same type (GEO or LEO)



We understand the goal of agreement is to simplify RRM requirements while keeping limited release time, which is also in line with RAN2. Theoretically, we believe switching between GSO and NGSO has the potential to improve performance on mobility and data transmission. 
Proposal 3: The limitation of single NTN deployment in RRM requirements is valid in Rel-17. 

Issue 2-1-5-B: Measurement with paging reception
	Agreement:
•	Scaling factor M1 and M2 on measurement relaxation with paging shall be updated in NTN.
· M1=[2.5] 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.



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.
Historically, for serving cell measurement, the worst case is the closest SMTC occasion is away from the paging occasion, UE probably needs to wake up twice during one DRX. From UE power consumption point of view, M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second for serving cell measurement, which is shown in Figure 1.


[bookmark: _Ref100318605]Figure 2 Present PO TMD wrt SSB
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 2.

With 2-4 SMTCs, the total RX power on time to performance AGC and measurements on SMTC duration shall longer than RX power on time only with 1 SMTC, the ratio between them shall between 1 and 2. A fair estimation is set M1=2.5. 
[bookmark: _Ref100318206]Figure 3 Longer RX power on time for more than 2 MSTC
Another reason to check M1 is that the SMTC may be shifted and collide with PO after shifted even network configures proper distance between SMTC and PO. The UE should still monitor paging but is allowed to extend the measurement period. According to our understanding, M1=2.5 may be sufficient to cover the potential collision risk, and UE will have sufficient time to choose an appropriate SMTC for measurement and AGC purposes.
In case of SMTC≤20ms, the selectable SMTC for measurement is more, we just keep current limitation SMTC>40ms.


Figure 4 shifted SMTC collision with PO
The aforesaid observation and analysis are equally applicable to intra-frequency cell measurement relaxation, adding 0.5 to existing M2 shall reserve enough time margin for power saving and collision issue. Meanwhile, considering current M2 applicability when DRX cycle < 0.64s, we can reuse current DRX cycle < 0.64s for intra-frequency measurements. 
Proposal 4: 
· M1=2.5 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 measurement, upon more than one SMTC.


Issue: Reselection for LEO and GEO
With respect to agreements on several issues in last meeting, reselection measurement requirements for LEO and GEO shall be different. The exact detection and measurement delays are listed as follows:
Proposal 5: 
Measurement requirements for measurements on cells served by GEO satellite
Table 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for measurement on cells served by GEO
	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
	11.52 x M2 x K1 (36 x M2 x K1)
	1.28 x M2 x K1 (4 x M2 x K1)
	5.12 x M2 x K1 (16 x M2 x K1)

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

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

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

	Note 1:      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 2:      K1 = 3.




Measurement requirements for measurements on cells served by LEO satellite
Table 2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for measurement on cells served by LEO
	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
	11.52 x M2 (36 x M2)
	1.28 x M2 (4 x M2)
	5.12 x M2 (16 x M2)
	 

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	 

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

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

	Note 1:      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.



Summary
Proposal 1:  If the UE has not met the serving cell criterion S at time instance T1 and if “t-Service” is present in SI then the UE shall initiate cell selection procedures when any of the following conditions is met:
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements within 10 s since T1 provided that “t-Service” occurs after T1+10s, or
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements until the time instance “t-Service” provided that “t-Service” occurs earlier than T1+ 10s.
Proposal 2:  If the UE has not met the serving cell criterion S at time instance T1 and if “distanceThresh” is present in SI then the UE shall initiate cell selection procedures when any of the following conditions is met:
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements within 10 s since T1 provided that “distanceThresh” arrives after T1+10s, or
· If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements until the time instance “distanceThresh” provided that “distanceThresh” arrives earlier than T1+ 10s.
Proposal 3: The limitation of single NTN deployment in RRM requirements is valid in Rel-17. 
Proposal 4: 
· M1=2.5 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 measurement, upon more than one SMTC. 
Proposal 5: 
· Measurement requirements for measurements on cells served by GEO satellite
Table 1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for measurement on cells served by GEO
	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
	11.52 x M2 x K1 (36 x M2 x K1)
	1.28 x M2 x K1 (4 x M2 x K1)
	5.12 x M2 x K1 (16 x M2 x K1)

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

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

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

	Note 1:      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 2:      K1 = 3.



· Measurement requirements for measurements on cells served by LEO satellite
Table 2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for measurement on cells served by LEO
	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
	11.52 x M2 (36 x M2)
	1.28 x M2 (4 x M2)
	5.12 x M2 (16 x M2)
	 

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	 

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

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

	Note 1:      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.
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