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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 2 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 
For inter-sat scenario, it is agreed in [3] that no requirements will be defined.    
For intra-sat scenario, it is agreed in [3] that cell reselection requirements are 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. Besides, when reusing the FR1 NTN requirements, the scaling factor Ksatellite can be skipped. 
Type 1 UE can still measure neighbor cell belonging to a different satellite with Rx beam sweeping, but it is unlikely for Type 2 UE due to large delay in Rx beam switching. Contribution [4] provides a good analysis on the Rx beam switching delay, and the proposal is to use 8s as the baseline assumption. With such a delay, we believe there is little sense for UE to measure an inter-sat neighbor while it is camping on the serving cell, and there is no issue to assume UE perform cell reselection measurement only towards intra-sat neighbor cells. 
Inter-sat mobility in IDLE mode can be left to UE implementation, e.g. when the serving satellite cannot cover the UE, UE can select the target cell for camping based on ephemeris and steer the Rx beam to that satellite. 
Proposal 1: For IDLE and INACTIVE mode mobility
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: define cell reselection requirements and reuse FR1 NTN requirements with Ksatellite = 1 
(Conditional/blind) Handover 
For inter-sat mobility, it is agreed in [3] that only blind HO is considered. This is meaningful because UE is unlikely to measure neighbor cell belonging to a different satellite than the serving cell due to long bean switching delay. This means the target cell is unknown before UE receives HO command, and CHO is also not possible as the RSRP/Q condition cannot be verified. 
The FR1 NTN HO interruption is defined as below.
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
For Type 2 UE, a Rx beam switching delay Tbeam-switching is needed before UE can start cell search on the target cell. According to [4] this delay can be several seconds which is much larger than the current HO delay, so it needs to be accounted in the requirements for Type 1 UE.
For the other components, we believe cell search and time tracking is still needed, as well as the time to wait for the next PRACH occasion. The processing time may be accounted in the beam switching time.
Tinterrupt = Tbeam-switching + Tsearch + TIU + T∆ + Tmargin
For intra-sat scenario, we believe the FR1 NTN requirements can be re-used. 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.
· [bookmark: _GoBack]inter-sat scenario: only blind HO, and the interruption time is 
[bookmark: _Hlk146701506]Tinterrupt = Tbeam-switching + Tsearch + TIU + T∆ + Tmargin
· Tbeam-switching is [8]s
· Tsearch, TIU, T∆ and Tmargin are same as FR1 NTN
· 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 inter-sat scenarios. With long delay for Rx beam switching, the Re-establishment could be very long if we consider UE may try different satellites. This is similar to L3 measurement on neighbor cell. The ultimate interruption time could be same as cell selection from IDLE mode.  
For intra-sat scenario, RAN4 can define requirements and reuse FR1 NTN requirements with Ksatellite = 1. Note that this means for RRC Re-establishment UE would first try the cells belonging to the same satellite as the last serving cell. We think it is a reasonable assumption. 
Proposal 3: For RRC Re-establishment
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: define requirements and reuse FR1 NTN requirements with Ksatellite = 1 
Radio Link Monitoring 
RLM is concerned with serving cell only, so there is no differentiation on intra- and inter-sat. Since a single  Rx beam is assumed for Type 2 UE, we see no issue to reuse the FR1 NTN requirements.
Proposal 4: RAN4 to define RLM requirements and reuse FR1 NTN requirements.
Measurement Procedure
L3 measurement is similar to the cell reselection measurement discussed in section 2.1. We suggest to apply same approach. Note that the assumption is that UE perform L3easurement only towards intra-sat neighbors.
Proposal 5: For L3 measurement in CONNECTED mode 
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: define requirements and reuse FR1 NTN requirements with Ksatellite = 1
For L1 measurement, we do not see clear motivation to define requirements. In [3] it is assumed that single Tx beam is used from NW, and for Type 2 UE a single Rx beam is assumed. L1 measurement is to enable UE to find the best Tx and Rx beam.
Proposal 6: RAN4 not to define L1-RSRP measurement requirements.
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 2 NTN UE.
Proposal 1: For IDLE and INACTIVE mode mobility
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: define cell reselection requirements and reuse FR1 NTN requirements with Ksatellite = 1 
Proposal 2: Define HO requirements for the following cases.
· inter-sat scenario: only blind HO, and the interruption time is 
Tinterrupt = Tbeam-switching + Tsearch + TIU + T∆ + Tmargin
· Tbeam-switching is [8]s
· Tsearch, TIU, T∆ and Tmargin are same as FR1 NTN
· intra-sat scenario: both HO and CHO, both blind and known cell. Reuse FR1 NTN requirements.
Proposal 3: For RRC Re-establishment
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: define requirements and reuse FR1 NTN requirements with Ksatellite = 1 
Proposal 4: RAN4 to define RLM requirements and reuse FR1 NTN requirements.
Proposal 5: For L3 measurement in CONNECTED mode 
· inter-sat scenario: no requirements are defined 
· intra-sat scenario: define requirements and reuse FR1 NTN requirements with Ksatellite = 1
Proposal 6: RAN4 not to define L1-RSRP measurement requirements.
Reference
[1]. R4-2314447, WF on R18 NR NTN RRM requirements, Moderator (Qualcomm)
[2]. R4-2314484, LS on RAN4 RRM work scope for NR NTN Ka band, RAN4
[3]. RP-232694, WF on potential RRM objectives for NR-NTN deployment in above 10 GHz, (NR-NTN-enh WID), Thales
[4]. R4-2313819, NTN UE types above 10 GHz and beam steering impact on RRM, Inmarsat, Viasat
8

1

