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Introduction
RRM requirements for NTN in Ka band are discussed in RAN4#108, with outcomes captured in WF [1] and LS [2] sent to RAN. RAN#101 further discussed in the scope of the RRM related work, and the outcomes are captured in WF [3]. 
Based on [3] RAN4 would define RRM requirements for the following cases.
· Case-1: Stationary UE for GSO
· Case-2: Stationary UE for LEO
· Case-3: Mobile UE for GSO
Based on [3] RAN4 would define RRM requirements for the following UE architectures.
· Fully electronically-steered beam UEs (Type 1)
· Fully mechanically-steered beam UEs (Type 2)  
In [3] the RRM requirements for two types of UEs are listed, with related assumptions. In this paper we will provide our views on mobility requirements for Type 1 NTN UE.
Discussion
The list of RRM requirements from [3] is copied below.
	RRM requirements to be defined as part of Rel-18 NR-NTN-enh WID
	Electronic steering antenna
	Mechanical steering antenna
(inter-sat)
	Mechanical steering antenna
(intra-sat)

	
	Terminal Type 1
	Terminal Type 2

	UE uplink timing accuracy
	Y
	Y
	Reuse FR1 NTN requirement, except UL uplink timing accuracy

	RRC IDLE and INACTIVE mobility 
	L
	N
	

	(Conditional/blind) Handover 
	Y
	Y
	

	RRC Re-establishment 
	L
	L
	

	RRC Connection Release with Redirection 
	N
	N
	

	Radio Link Monitoring 
	Y
	Y
	

	Link Recovery procedure (BFD/CBD)
	N
	N
	

	Active TCI switching
	N
	N
	

	Measurement Procedure
	Y
	N
	

	(L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies) 
	Y
	N
	

	Measurement Performance
	Y
	N
	

	UL spatial relation switching
	N
	N
	


Besides, the following assumptions are agreed in [3].
	The following assumptions (applicable to Type 1 and Type 2 terminals) are used for R18 RRM requirements
· single SAN Tx beam per radio cell in DL
· For inter satellite HO, only blind HO and no neighbor cell measurement
· Blind HO assumption for type 1 UE can be revisited if issue is identified in RAN4 
· Intra-sat neighbor cell measurement is needed
· Same UE Rx beam is used for both serving and neighboring cells which belong to the same sat. (i.e. no Rx beam sweeping)


RRC IDLE and INACTIVE mobility 
In general, we do not think VSAT UE in IDLE or INACTIVE state is an important scenario, so we suggest not to define cell reselection requirements for inter-sat scenario because the requirements can be complex due to Rx beam sweeping and multiple satellites with different Doppler shifts.   
For intra-sat scenario, cell reselection requirements can be defined re-using FR1 NTN requirements, i.e. no Rx beam sweeping is needed. This is based on the assumption in [3] that same UE Rx beam is used for both serving and neighboring cells which belong to the same satellite. For IDLE and INACTIVE mode, UE is assumed to know the Rx beam for paging monitoring (how to get this knowledge is left to implementation), and it can use the same Rx beam to measure neighbor cell belonging to the same satellite. 
However, it is noted that if RAN4 defines requirements for intra-sat cell reselection without beam sweeping, it means UE is only expected to measure intra-sat neighbor cells for cell reselection because in order to meet the requirements, UE would have no other opportunity to try other Rx beams to measure another satellite. For the same reason, when reusing the FR1 NTN requirements, the scaling factor Ksatellite can be skipped. 
We suggest RAN4 to further discuss whether to define cell reselection requirements for intra-sat scenario with Nrxbeam = 1 and Ksatellite = 1 considering it limits the possibility to measure other satellites.
Proposal 1: For IDLE and INACTIVE mode mobility
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: further discuss whether to define cell reselection requirements with Nrxbeam = 1 and Ksatellite = 1
(Conditional/blind) Handover 
RAN4 is expected to check whether blind HO for inter-sat scenario causes any issue. Blind HO means the target cell has not been measured before UE receives HO command. In HO requirements, such target cell is considered as an unknown cell, and cell search time is needed. 
In FR2 TN requirements, the cell search time is scaled due to Rx beam sweeping. RAN4 has not defined the Rx beam sweeping scaling factor for NTN, but we do not expect it will exceed the FR2 TN value, i.e. 8. The HO interruption time would be around 300ms to 600ms. In our view, even with larger scaling factor the interruption time is much smaller than that for Type 2 UE and should be acceptable.
The next question is the exact value for the scaling factor. For NTN, on one hand, more Rx beams are needed because the width of each beam may be small to ensure enough beam gain; on the other hand, UE does not need to cover the full sphere, and UE knows the satellite location, both can lead to a reduction of beam sweeping factor. We suggest RAN4 to further discuss the scaling factor.
For intra-sat scenario, we believe the FR1 NTN requirements can be re-used. For HO, there is no need for UE to measure other cells belonging to a different satellite, so we do not see any issue in defining the requirements. Both HO and CHO, both blind and known cell can be included as in FR1 NTN.
Proposal 2: Define HO requirements for the following cases.
· inter-sat scenario: only blind HO, scaling factor for Rx beam sweeping is [TBD] for cell search
· intra-sat scenario: both HO and CHO, both blind and known cell, reuse FR1 NTN requirements
RRC Re-establishment 
We do not see a strong motivation to define RRC Re-establishment requirements, for both intra- and inter-sat scenarios. Even UE does not finish Re-establishment timely (i.e. before the T311 expires), it can still try to find the target cell while in IDLE mode. In addition, it has same issue as defining requirements for cell reselection as discussed in section 2.1.
Proposal 3: RAN4 not to define RRC Re-establishment requirements for either inter-sat scenario or intra-sat scenario.
Radio Link Monitoring 
RLM is concerned with serving cell only, so there is no differentiation on intra- and inter-sat. In our view, the open issue in RLM requirements is whether Rx beam sweeping is assumed. Our view is ‘yes’. 
Since only single Tx beam is assumed per cell, we believe the SSB based RLM is more relevant. Although there is only a single Tx beam, UE still needs to do Rx beam sweeping to find the best Rx beam. This may not be the task of RLM, but it needs to be done on SSB, at same time as L1-RSRP measurement. This is also the reason why SSB based RLM in FR2 TN is with Rx beam sweeping, i.e. UE performs one measurement on SSB for both RLM and L1-RSRP.
The exact scaling factor needs to be further discussed. It can be same or different from that for HO. 
Proposal 4: RAN4 to define RLM requirements based on scaling factor for Rx beam sweeping [TBD].
Measurement Procedure
For L3 measurement
· Inter-sat scenario: since we not identify big issue for blind HO, we suggest to follow the assumption in [3] that no neighbor cell measurement requirements for a different satellite is defined. 
· Intra-sat scenario: same as cell reselection requirements in section 2.1, defining requirements with no Rx beam sweeping and with Ksatellite = 1 means UE needs to dedicate all the measurement occasions for the intra-sat neighbor cells, and there would be little possibility to measure another satellite. Whether RAN4 should define requirements mandating such behavior needs to be further discussed. 
Proposal 5: For L3 measurement in CONNECTED mode 
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: further discuss whether to define measurement period requirements with Nrxbeam = 1 and Ksatellite = 1
For L1 measurement, we believe the requirements are needed to make sure UE can timely find the best Rx beam for the serving cell. Otherwise, there would be no requirements on the Rx beam fine tuning. The scaling factor should be same as that for RLM.
Proposal 6: RAN4 to define L1-RSRP measurement requirements based on scaling factor for Rx beam sweeping [TBD] (same as RLM).
Measurement Performance
Measurement performance (accuracy) requirements are typically discussed in Perf part, and depends on what core requirements are defined for L3 or L1 measurement. We suggest to postpone the discussion after the core requirements are stable.
Conclusions
In this paper we provided our views on mobility requirements for Type 1 NTN UE.
Proposal 1: For IDLE and INACTIVE mode mobility
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: further discuss whether to define cell reselection requirements with Nrxbeam = 1 and Ksatellite = 1
Proposal 2: Define HO requirements for the following cases.
· inter-sat scenario: only blind HO, scaling factor for Rx beam sweeping is [TBD] for cell search
· intra-sat scenario: both HO and CHO, both blind and known cell, reuse FR1 NTN requirements
Proposal 3: RAN4 not to define RRC Re-establishment requirements for either inter-sat scenario or intra-sat scenario.
Proposal 4: RAN4 to define RLM requirements based on scaling factor for Rx beam sweeping [TBD].
Proposal 5: For L3 measurement in CONNECTED mode 
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: further discuss whether to define measurement period requirements with Nrxbeam = 1 and Ksatellite = 1
Proposal 6: RAN4 to define L1-RSRP measurement requirements based on scaling factor for Rx beam sweeping [TBD] (same as RLM).
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