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1. Introduction
In RAN4#104-bis-e meeting, RAN4 discussed the LTE IoT NTN RRM core requirements, a WF was approved [1]. In this contribution, we further discuss the remaining issues.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk70326378]General
[bookmark: _Hlk115270660]Issue 1-2-1&1-2-2: measurement capability on number of NGSO satellites
· Introduce UE capabilities on number of NGSO satellites that UE can monitor in total in addition to the baseline requirements.
· Minimum (baseline) requirements of UE monitoring multiple NGSO satellites per carrier in total should be discussed.
The following Tentative Agreement can be FFS in next meeting 
· For minimum (baseline) requirements for NB in IDLE and M1 in both IDLE and CONNCTED 
· for intra-frequency carrier, the number of target satellites UE needs to monitor is [2] including serving LEO satellite.
· for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is [1] otherwise
Due to the large Doppler differences between satellites, the number of satellite that UE could monitor is limited. The basic requirement from R17 NTN WI could be reused in LTE IoT-NTN, that for both NB and M1 in NGSO, the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite. Furthermore, if serving LEO satellite is not included in the target satellites, then the number of target satellites UE needs to monitor per carrier is 1. 
[bookmark: _Hlk117932521][bookmark: _Hlk117932556]Proposal 1: The number of target LEO satellites UE needs to monitor is 2 if one of the target satellites include the UE serving satellite, the number of target LEO satellites UE needs to monitor is 1 otherwise.
Issue 1-4: Relaxation of Initial Cell Search for NGSO
· FFS if any RRM requirements impacted by initial cell search latency for NGSO and FFS if initial cell search latency is relaxed by [X]% compared to the existing requirements.
Generally, we support to relax the initial cell search latency considering of the severer Doppler shift impaction for IoT terminals. However, after checking the RRM core spec, there are no initial cell search latency requirements or any other requirements related to initial cell search.
Observation 1: In the current spec, there are no initial cell search latency requirements or any other requirements related to initial cell search.
3. IDLE state mobility requirements
Issue 2-1-4: NGSO, t-service impact on DRX/eDRX requirements
The following proposals can be FFS in next meeting
· Proposal 1: Do not consider the impact of t-service for excluding requirements for eDRX/DRX cycles (Nokia)
· Proposals 2: If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_cycle, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s starting from at least [1] eDRX cycle before ‘t-Service-r17’. (Ericsson)
Issue 2-1-5: NGSO, t-service impact on relaxed requirements
The following proposals can be FFS in next meeting
· UE is allowed to meet the relaxed serving cell measurement requirements provided that
· Option 1a: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last [4] DRX cycles before ‘t-Service-r17’ if not configured with eDRX_IDLE cycle
· Option 1b: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last [1] DRX cycles before ‘t-Service-r17’ if configured with eDRX_IDLE cycle
· [bookmark: _Hlk118020806]Option 2: Time span to Tservice when serving cell stops service is longer than Ttrigger
· Where Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC) for NB and Ttrigger = max(Tdetect,EUTRAN_Intra_NC, Kcarrier*Tdetect,EUTRAN_Inter_NC) for eMTC.
· Option 3 (merged):
· When not configured with eDRX_IDLE cycle: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last time Ttrigger before ‘t-Service-r17’ if not configured with eDRX_IDLE cycle
· When configured if configured with eDRX_IDLE cycle: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last time Ttrigger before ‘t-Service-r17’ if configured with eDRX_IDLE cycle
· Where Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC) for NB and Ttrigger = max(Tdetect,EUTRAN_Intra_NC, Kcarrier*Tdetect,EUTRAN_Inter_NC) for eMTC.
Regarding the proposal 2 under Issue 2-1-4 and Option 1a/1b under Issue 2-1-5, they all intend to speed up the measurement when t-service is coming up. In our view, this intention is reasonable under certain conditions. For example, UE will not in discontinuous coverage after t-service. Without such conditions, we could only see the cons of energy consumption, but not cell-reselection gain.
Issue 2-2-1: NGSO, Discontinuous Coverage - General
· UE is not required to perform cell measurements from the last slot of SI transmission which indicates that UE will be in out of coverage after Tservice when the serving cell stop serving the area.
The following proposals can be FFS in next meeting
· Proposal 3: If the UE is provided with t-serviceStart-r17 and the UE does not find any new suitable cell after T seconds from S-Criterion or after t-service, the UE may delay initial cell search until after t-serviceStart-r17 is reached. (Nokia)
· Proposal 4: FFS if there is a maximum “waiting period” the UE can wait between t-service and t-serviceStart-r17 before initiating the cell search. (Nokia)
· Proposal 5: The UE may optionally delay cell search until it finds itself within the area determined by the “cell radius” parameter on SIB-32, assuming the cell reference point: (Nokia)
· The reference point in SIB-32 for Quasi-Earth fixed cells.
· The point determined by the satellite ephemeris and/or the elevation angle of the cell intersecting the Earth. 
Based on our understanding, proposal 3 and proposal 5 intend to specify the UE behavior of when to start the initial cell search, when UE is in the discontinuous coverage scenario.
In last meeting, we had agreed that:
UE shall initiate cell selection procedures, provided the UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
Obviously, this agreement is not reasonable when UE is in the discontinuous coverage. We think there are two ways to address this inconsistent issue.
Method 1: add a clarification with cell search delay condition for cell selection procedure for discontinuous scenario. For example: 
· UE shall initiate cell selection procedures, provided the UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
· when UE is out of coverage after Tservice, UE is allowed to delay initial cell search until t-serviceStart-r17 is reached or finds itself within the serving area, whichever comes first. (Merged from proposal 3 and proposal 5)
Method 2: add a clarification without cell search delay condition for cell selection procedure for discontinuous scenario. For example: 
· UE shall initiate cell selection procedures, provided UE is not out of coverage after Tservice, and UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
[bookmark: _Hlk118036552]Proposal 2: We propose two methods to clarify the UE initial cell reselection behavior when UE is out of coverage after Tservice. 
· Method 1: add a clarification with cell search delay condition for cell selection procedure for discontinuous scenario. For example: 
· UE shall initiate cell selection procedures, provided the UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
· when UE is out of coverage after Tservice, UE is allowed to delay initial cell search until t-serviceStart-r17 is reached or finds itself within the serving area, whichever comes first. (Merged from proposal 3 and proposal 5)
· Method 2: add a clarification without cell search delay condition for cell selection procedure for discontinuous scenario. For example: 
· UE shall initiate cell selection procedures, provided UE is not out of coverage after Tservice, and UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
Issue 2-5-1: Relaxed serving cell measurements in IDLE mode
· In GEO, the serving cell measurement relaxation factor is reused from corresponding TN requirements for eMTC and NB-IOT in IDLE mode when cell is served by a GEO satellite
The following proposals can be FFS in next meeting
· Proposal 2: In NGSO, the serving cell measurement relaxation factor is reduced by factor N from corresponding TN requirements for eMTC and NB-IOT in IDLE mode when cell is served by a LEO satellite compared to corresponding GEO satellite, where N=[2].
In the current spec, the N is determined by a minimum function, which is 
	DRX cycle length [s]
	Value

	0.32
	Min(n , 8)

	0.64
	Min(n , 8)

	1.28
	Min(n , 8)

	2.56
	Min(n , 4)

	5.12
	Min(n , 2)

	10.24
	1

	NOTE:	n is signalled by the network by using numDRX-CycleRelaxed-r15 defined in TS 36.331 [2].


The definition of numDRX-CycleRelaxed-r15 in TS 36.331 is:
WUS-Config-NB-r15 ::=			SEQUENCE {
	maxDurationFactor-r15			WUS-MaxDurationFactor-NB-r15,
	numPOs-r15						ENUMERATED {n1, n2, n4}		DEFAULT n1,	
	numDRX-CyclesRelaxed-r15			ENUMERATED {n1, n2, n4, n8},	
	timeOffsetDRX-r15				ENUMERATED {ms40, ms80, ms160, ms240},
	timeOffset-eDRX-Short-r15		ENUMERATED {ms40, ms80, ms160, ms240},
	timeOffset-eDRX-Long-r15		ENUMERATED {ms1000, ms2000}	OPTIONAL,	-- Need OP
	...	
}
numDRX-CyclesRelaxed
Maximum number of consecutive DRX cycles during which the UE may use WUS for synchronisation and skip serving cell measurements, see TS 36.133 [16]. Value n1 corresponds to 1 DRX cycle, value n2 corresponds to 2 DRX cycles and so on.
In LEO scenario, network can configure the numDRX-CyclesRelaxed-r15 equal or less than 2 if it is necessary. Therefore, we think the current spec can support IoT-NTN serving cell measurement.
[bookmark: _Hlk118041101]Proposal 3: Reuse the legacy Relaxed serving cell measurements requirement for LEO.
4. CONNECTED state mobility requirements
[bookmark: _Hlk117879788]Issue 3-1-1: RRC Re-establishment and RRC release with redirection
· For GEO, the existing TN RRC Re-establishment and RRC release with redirection requirement can be used as baseline.
· For NGSO, to consider a scaling factor related to number of NGSO satellites for 
· RRC Re-establishment requirement, RRC release with redirection requirement of M1
· RRC Re-establishment requirement of NB
· FFS to consider addition component, , to accommodate for the time needed between the UE acquires the NTN SIB.
In last meeting, we agreed to consider a scaling factor related to number of NGSO satellites, and introduce a UE capabilities on number of NGSO satellites that UE can monitor in total in addition to the baseline requirements.
Therefore, when defining the value of scaling factor, in addition to the number of NGSO satellites to be monitored, 2 additional aspects should be considered
1. Minimum (baseline) requirements of UE monitoring multiple NGSO satellites per carrier
2. UE capabilities on number of NGSO satellites that UE can monitor in total in addition to the baseline requirements.
Ksatellite,i: It is the scaling factor for measurements correspond to multiple NGSO satellites to be monitored on i-th frequency for RRC re-establishment; 
Ksatellite,i = , where x=1 if serving satellite is in the target satellite list, otherwise, x = 0.
Proposal 4: When defining the value of scaling factor, in addition to the number of NGSO satellites to be monitored, 2 additional aspects should be considered
1. Minimum (baseline) requirements of UE monitoring multiple NGSO satellites per carrier
2. UE capabilities on number of NGSO satellites that UE can monitor in total.
[bookmark: _Hlk118544168]Proposal 5: Ksatellite,i = , where x=1 if serving satellite is in the target satellite list, otherwise, x = 0.
5. Conclusion
In this contribution, we discuss the IoT-NTN impact on RRM requirements. The proposals are:
Proposal 1: The number of target LEO satellites UE needs to monitor is 2 if one of the target satellites include the UE serving satellite, the number of target LEO satellites UE needs to monitor is 1 otherwise.
Observation 1: In the current spec, there are no initial cell search latency requirements or any other requirements related to initial cell search.
Proposal 2: We propose two methods to clarify the UE initial cell reselection behavior when UE is out of coverage after Tservice. 
· Method 1: add a clarification with cell search delay condition for cell selection procedure for discontinuous scenario. For example: 
· UE shall initiate cell selection procedures, provided the UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
· when UE is out of coverage after Tservice, UE is allowed to delay initial cell search until t-serviceStart-r17 is reached or finds itself within the serving area, whichever comes first. (Merged from proposal 3 and proposal 5)
· Method 2: add a clarification without cell search delay condition for cell selection procedure for discontinuous scenario. For example: 
· UE shall initiate cell selection procedures, provided UE is not out of coverage after Tservice, and UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first.
Proposal 3: Reuse the legacy Relaxed serving cell measurements requirement for LEO.
Proposal 4: When defining the value of scaling factor, in addition to the number of NGSO satellites to be monitored, 2 additional aspects should be considered
1. Minimum (baseline) requirements of UE monitoring multiple NGSO satellites per carrier
2. UE capabilities on number of NGSO satellites that UE can monitor in total.
Proposal 5: Ksatellite,i = , where x=1 if serving satellite is in the target satellite list, otherwise, x = 0.
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