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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 2 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 requirement 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 set of UE uplink timing accuracy.
Proposal 1: For timing requirements, type 1 UE and type 2 UE can share the same sets of UE uplink timing accuracy.

UL Timing
For the UL timing requirements, as the understanding in Rel-17 NTN, the root of the total positioning error is GNSS accuracy at UE side and satellite position error. It cannot say the Te need be shorter than [Value], so the GNSS accuracy should be less than [X Value]. It reversed cause and effect. We think the key root of positioning error is due to GNSS positioning accuracy such as 50m in Rel-17. For the same UE, the GNSS positioning accuracy should be the same for the same scenario because it is only one GNSS receiver. There is no reason for different accuracy for different SCS setting. It can be observed that VSAT can work in both FR1 and above 10GHz. If less than 50m will be used in above 10GHz. It should be based on advanced GNSS capability or UE type.
For the GNSS accuracy, it should be work both for fixed platform and mobile platform. In different scenario, the GNSS accuracy can be different for fixed platform and mobile platform refer to 38.171.
Proposal 2: For UL Timing, no different GNSS positioning error for different SCS. 
Proposal 3: If UE have multiple GNSS receiver, it can support multiple GNSS positioning accuracies.
Proposal 4: For tightened positioning error, it should be based on advanced GNSS capability or UE type.
Proposal 5: It can be applied for both fixed UE and mobile UE. The positioning error can be different for fixed platform and mobile platform.
Proposal 6: If only one GNSS capability or single VSAT type is supported, the Te requirements can be specified as:
Fixed UE + GSO: Legacy Te + Te_GNSS (15m)+ Te_SAT (5m)
Fixed UE + LEO: Legacy Te + Te_GNSS (15m)+ Te_SAT (15m)
Mobile UE + GSO: Legacy Te + Te_GNSS (30m)+ Te_SAT (5m)

(Conditional/blind) Handover
For the blind (Conditional) handover from RAN guidance, the clarification of “blind HO” need to be discussed and defined. 
According to current RAN2 specs 38.300 and 38.331:
	9.2.3.2.1


0.	The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.

[bookmark: _Toc139018320]16.14.3.2.1	Handover
The same principle as described in 9.2.3.2 applies unless hereunder specified:
During mobility between NTN and Terrestrial Network (TN), a UE is not required to connect to both NTN and TN at the same time.
NOTE:	NTN TN handover refers to mobility in both directions, i.e. from NTN to TN (hand-in) and from TN to NTN (hand-out).
DAPS handover is not supported for NTN in this release of the specification.
UE may support mobility between gNBs operating with NTN payloads in different orbits (e.g., GSO, NGSO at different altitudes).

[bookmark: _Toc139018321]16.14.3.2.2	Conditional Handover
The same principle as described in 9.2.3.4 applies to NTN unless hereunder specified.
NTN supports the following additional trigger conditions upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [12]:
-	The RRM measurement-based event A4;
-	A time-based trigger condition;
-	A location-based trigger condition.
A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5) as defined in TS 38.331 [12].
It is up to UE implementation how the UE evaluates the time- or location-based trigger condition together with the RRM measurement-based event.


According to the events in 38.331:
	Event A1 (Serving becomes better than threshold)
Event A2 (Serving becomes worse than threshold)
Event A3 (Neighbour becomes offset better than SpCell)
Event A4 (Neighbour becomes better than threshold)
Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2)
Event A6 (Neighbour becomes offset better than SCell)
Event B1 (Inter RAT neighbour becomes better than threshold)
Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)
Event I1 (Interference becomes higher than threshold)
Event C1 (The NR sidelink channel busy ratio is above a threshold)
Event C2 (The NR sidelink channel busy ratio is below a threshold)
Event D1 (Distance between UE and referenceLocation1 is above threshold1 and distance between UE and referenceLocation2 is below threshold2)
CondEvent T1 (Time measured at UE is within a duration from threshold)
Event X1 (Serving L2 U2N Relay UE becomes worse than threshold1 and NR Cell becomes better than threshold2)
Event X2 (Serving L2 U2N Relay UE becomes worse than threshold)
Event Y1 (PCell becomes worse than threshold1 and candidate L2 U2N Relay UE becomes better than threshold2)
Event Y2 (Candidate L2 U2N Relay UE becomes better than threshold)


The Event D1 or conditional based on the Neighbour cell measurement. Time-based should be together with A3/A4/A5 which means neighbour cell measurement. If blind HO means no neighbour cell measurement, which means CHO cannot be supported for type2 UE if no further update in RAN2. 
Proposal 7: If no neighbour cell measurement is required before HO command, the legacy RAN2 handover can be feasible for type 2 UE.
[bookmark: OLE_LINK1]Proposal 8: The Rel-17 time-based or location based Conditional HO is mandatory for neighbour cell measurement. RAN4 needs to further clarify what is (Conditional/blind) HO for type 2 UE. If it is based on location which we think RAN2 work is needed for CHO for type 2 UE, we are open to discuss this mechanism. 
Proposal 9: If use legacy RAN2 HO, for handover delay requirement, the delay is RRC procedure delay + Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin  + Tantenna-adjust
We propose to use the common structure of delay requirements if any other additional type will be enhanced in RF session or future. 
Tantenna-adjust can be 0 for type 1 UE
Tantenna-adjust can be 0 for type 2 UE intra-sat handover. 
Tantenna-adjust can be [X] for type 2 UE inter-sat handover.
Proposal 10: If no assumption for “no neighbour cell measurement in CHO”, use legacy RAN2 time-based or location based Conditional HO, for Conditional handover delay requirement, the delay requirement is DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution + Tantenna-adjust
Tantenna-adjust can be 0 for type 1 UE
Tantenna-adjust can be 0 for type 2 UE intra-sat CHO. 
Tantenna-adjust can be [X] for type 2 UE inter-sat CHO.
For RLM, if it is type 2 UE, the UE cannot perform beam sweeping. The Rel-17 requirements in 8.1C can be reused.
Proposal 11: For inter-Sat RLM requirement, the Rel-17 requirements in 8.1C can be reused for type 2 UE. 
3 Conclusion
In this contribution, we provide our further analysis of RRM requirements for mechanically-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.
Proposal 2: For UL Timing, no different GNSS positioning error for different SCS. 
Proposal 3: If UE have multiple GNSS receiver, it can support multiple GNSS positioning accuracies.
Proposal 4: For tightened positioning error, it should be based on advanced GNSS capability or UE type.
Proposal 5: It can be applied for both fixed UE and mobile UE. The positioning error can be different for fixed platform and mobile platform.
Proposal 6: If only one GNSS capability or single VSAT type is supported, the Te requirements can be specified as:
Fixed UE + GSO: Legacy Te + Te_GNSS (15m)+ Te_SAT (5m)
Fixed UE + LEO: Legacy Te + Te_GNSS (15m)+ Te_SAT (15m)
Mobile UE + GSO: Legacy Te + Te_GNSS (30m)+ Te_SAT (5m)

Proposal 7: If no neighbour cell measurement is required before HO command, the legacy RAN2 handover can be feasible for type 2 UE.
Proposal 8: The Rel-17 time-based or location based Conditional HO is mandatory for neighbour cell measurement. RAN4 needs to further clarify what is (Conditional/blind) HO for type 2 UE. If it is based on location which we think RAN2 work is needed for CHO for type 2 UE, we are open to discuss this mechanism. 
Proposal 9: If use legacy RAN2 HO, for handover delay requirement, the delay is RRC procedure delay + Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin  + Tantenna-adjust
We propose to use the common structure of delay requirements if any other additional type will be enhanced in RF session or future. 
Tantenna-adjust can be 0 for type 1 UE
Tantenna-adjust can be 0 for type 2 UE intra-sat handover. 
Tantenna-adjust can be [X] for type 2 UE inter-sat handover.
Proposal 10: If no assumption for “no neighbour cell measurement in CHO”, use legacy RAN2 time-based or location based Conditional HO, for Conditional handover delay requirement, the delay requirement is DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution + Tantenna-adjust
Tantenna-adjust can be 0 for type 1 UE
Tantenna-adjust can be 0 for type 2 UE intra-sat CHO. 
Tantenna-adjust can be [X] for type 2 UE inter-sat CHO.
Proposal 11: For inter-Sat RLM requirement, the Rel-17 requirements in 8.1C can be reused for type 2 UE. 
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