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1 Introduction
In previous RAN4 meetings, we discussed the RRM requirements in NTN above 10GHz. In last meeting, it is agreed that the RRM requirements need to cover the fully electronically-steered beam UEs (Type 1) and fully mechanically-steered beam UEs (Type 2) in [1].
In this contribution, we continue to discuss the RRM requirements for Type 1 UE. 
2 Discussion
In last RAN4 meeting, it is agreed that RRM requirements shall cover Case-1/Case-2/Case-3 scenarios and electronically-steered beam UEs (Type 1) in [2] as below:
	Agreement:
· The scope of the work needed to define the RRM requirements (i.e. beam steering related) necessary for NR-NTN UEs operating in the NTN example band (i.e. Ka band) based on associated assumptions of the UE architecture
· RRM requirements shall cover at least the following scenarios
· Case-1: Stationary UE for GSO
· Case-2: Stationary UE for LEO
· Case-3: Mobile UE for GSO
· The set of requirements shall include all RRM requirements relevant to NTN, based on Rel-17 NR NTN requirements unless critical issues are identified, including
· UE uplink timing accuracy
· RRC IDLE and INACTIVE mobility 
· (Conditional) Handover 
· RRC Re-establishment 
· RRC Connection Release with Redirection 
· Radio Link Monitoring 
· Link Recovery procedure (BFD/CBD)
· Active TCI switching
· Measurement Procedure
· (L1/L3 measurement delay and scheduling/measurement restrictions) 
· Measurement Performance
· FFS: UL spatial relation switching
· The requirements need to cover the following UE architectures
· Fully electronically-steered beam UEs (Type 1)
· Fully mechanically-steered beam UEs (Type 2)
· FFS if additional types of UEs shall be considered and subject to RAN4 RF session conclusions
· Aim to reuse Rel-17 NR NTN requirements to the extent possible, except for beam sweeping aspects. 
· For Type 1 UEs the impact of beam sweeping on RRM requirements can be accounted for based on FR2-1 requirements in terms of scaling principles.
· For Type 2 UEs additional studies are required to identify the methodology to define the requirements



Then in RAN plenary meeting RAN#101, the proposal2 is approved in [3] to further conclusion of the scope. 
	Proposal 2: RAN recommends RAN4 to define the following RRM requirements for example band (Ka band) in the table below as baseline. 
	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
	



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)
	Y
	Yes (shall to be defined)

	N
	No (No need to define in Rel-18)

	L
	Low priority (may be defined if time allows)






According to RAN guidance, RAN4 will further discuss and define RRM requirements in the aspects highlighted in above table. 
1. UE uplink timing accuracy
Because UE uplink timing accuracy depends on the GNSS accuracy and satellite positioning accuracy. We think it has no impact by the steering beam mode is electronically or mechanically. Therefore, type 1 UE and type 2 UE can share the same sets of UE uplink timing accuracy.
2. (Conditional/blind) Handover
For type 1 UE which is based on fully electronically-steered beam, the mechanism of handover and conditional handover are the similar as that in NTN FR1. From legacy RAN2 HO or CHO, we don’t observe there is huge difference. Such as, it is still a time-based trigger condition or a location-based condition.
The HO and Conditional HO can both be applied for type 1 UE. 
For intra-satellite handover and conditional handover, if the same UE RX beam is assumed, the Rel-17 requirements in 6.1C.2.2 can be reused.
For inter-satellite handover and conditional handover, the Rel-17 requirements in 6.1C.2.2 can be reused by changing the measurement time to adding beam sweeping factor N in clause 9.
3. Radio Link Monitoring
For type 1 UE which is based on fully electronically-steered beam, the mechanism of RLM is like TN FR2 UE. In TN FR2, RX beam sweeping is allowed for UE for configured SSB resources for RLM. When the type 1 UE is moving, the best beam may be changed as time goes by. Unlike mechanically-steered beam, the fully electronically-steered beam can perform the beam sweeping to find the best beam of the PCell. 
Therefore, for RLM, the Rel-17 requirements in 8.1C can be reused by adding the beam sweeping factor N.
4. Measurement Procedure/ (L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies)
For type 1 UE which is based on fully electronically-steered beam, the mechanism of Measurement Procedure/ (L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies) is the same as that in NTN FR1 but with beam sweeping like TN FR2 UE. 
Therefore, for Measurement Procedure/ (L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies), the Rel-17 requirements in 9.2C and 9.3C can be reused by adding the beam sweeping factor N. 
Proposal 1: For timing requirements, type 1 UE and type 2 UE can share the same sets of UE uplink timing accuracy. The detailed proposed requirements are listed in [4].
Proposal 2: The HO and Conditional HO can both be applied for type 1 UE. 
For intra-satellite handover and conditional handover, if the same UE RX beam is assumed, the Rel-17 FR1 requirements in 6.1C.2.2 can be reused.
For inter-satellite handover and conditional handover, the Rel-17 requirements in 6.1C.2.2 can be reused by changing the measurement time to adding beam sweeping factor N in clause 9.
Proposal 3: For Type 1 UE RLM, Rel-17 requirements in 8.1C can be reused by adding the beam sweeping factor N.
Proposal 4: For Type 1 UE Measurement Procedure, Rel-17 requirements in 9.2C and 9.3C can be reused by adding the beam sweeping factor N.
Proposal 5: For Type 1 UE L1/L3 measurement delay, Rel-17 requirements can be reused by adding the beam sweeping factor N.
In addition, RX beam number can depend on deployment scenarios. In legacy typical TN scenario, N is 8 for most of the cases. In HST FR2 deployment, it is enhanced to 2 or 6 in different deployment scenarios. In NTN system, as described in 38.821, there are GEO or LEO scenarios. The typical beam footprint sizes are quite different. 
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 3500 km


Proposal 6: RX beam sweeping factor N can be further enhanced depends on different deployment scenarios. 
3 Conclusion
In this contribution, we provide our further analysis of RRM requirements for electronically-steered beam UEs in NTN above 10GHz band and our proposals are:
Proposal 1: For timing requirements, type 1 UE and type 2 UE can share the same sets of UE uplink timing accuracy. The detailed proposed requirements are listed in [4].
Proposal 2: The HO and Conditional HO can both be applied for type 1 UE. 
For intra-satellite handover and conditional handover, if the same UE RX beam is assumed, the Rel-17 FR1 requirements in 6.1C.2.2 can be reused.
For inter-satellite handover and conditional handover, the Rel-17 requirements in 6.1C.2.2 can be reused by changing the measurement time to adding beam sweeping factor N in clause 9.
Proposal 3: For Type 1 UE RLM, Rel-17 requirements in 8.1C can be reused by adding the beam sweeping factor N.
Proposal 4: For Type 1 UE Measurement Procedure, Rel-17 requirements in 9.2C and 9.3C can be reused by adding the beam sweeping factor N.
Proposal 5: For Type 1 UE L1/L3 measurement delay, Rel-17 requirements can be reused by adding the beam sweeping factor N.
Proposal 6: RX beam sweeping factor N can be further enhanced depends on different deployment scenarios. 
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