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1. Introduction
In RAN#101 plenary meeting, the scope of RRM requirements for Rel-18 NTN deployment in above 10GHz bands was discussed, and the related WF was approved in [1]. In this contribution, we discuss the potential RRM requirements for Rel-18 NTN deployment in above 10GHz bands and provide our proposals.
2. Discussion
2.1	Scope of RRM requirement for NTN deployment in above 10GHz bands
In RAN#101 plenary meeting, it is recommended to define the following RRM requirements for example band (Ka band) in the table below as baseline. And 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)
	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
	


For terminal type 1, intra-satellite neighbour cell measurement is supported. Since it is assumed that the same UE Rx beam is used for both serving and neighboring cells which belong to the same satellite, the UE can perform neighbour cell measurement without changing the UE Rx beam, the preconfigured measurements on neighbour cell for conditional handover can be performed, comparing with blind handover, it is beneficial to consider time-based and location-based conditional handover for terminal type 1 and the requirement of conditional HO defined for Rel-17 NTN can be used as baseline.
Proposal 1: For terminal type 1, RAN4 to define the requirement for intra-satellite conditional HO.
2.2	UE UL timing requirement
In Rel-18 NTN, the NTN deployment in above 10GHz bands, e.g. Ka band is supported for VSAT UE, and according to the agreements in RF session in [2], the numerology of NTN Ka band is agreed as follows:
	· [bookmark: _Hlk132807320]For R18 NTN Ka band, 60 kHz and 120 kHz Sub-Carrier Spacing (SCS) are considered. 120 kHz and 240 kHz SCS are considered for SSB.
· The possibility of operating with 30 kHz SCS for both data and SSB to support smaller channel bandwidth than 50 MHz is not precluded in RAN4 at this moment, pending on feasibility study conclusion.


From RRM perspective, RAN4 need to evaluate the UE initial transmission error requirement for Ka band. In order to guarantee the performance of UE UL transmission and gNB reception, the error budget for UE UL transmission should be smaller than half CP, which can be expressed as:

Where,
·  is delay spread which does not need to be considered for Ka band (TR38.811)
·  is UE UL initial timing error, Te_NTN = Te + Te_GNSS + Te_SAT
Te is the legacy timing error
Te_GNSS is the GNSS accuracy, Te_GNSS = 2* (GNSS positioning accuracy/c);
Te_SAT is the serving-satellite position estimation error, Te_SAT = 2* (serving-satellite positioning estimation accuracy /c)
·  is TA command quantization error ()  (TS38.213)
·  is UE TA adjustment error (TS 38.133, 7.3.2)
According to delay spread assumption for Ka band in [3], the flat fading can be assumed for Ka band signals, thus,  does not need to be considered for Ka band.
	[bookmark: _Toc21293901][bookmark: _Toc46012129][bookmark: _Toc46320181][bookmark: _Toc52563672]7.3.5.2.2	Assessment of conditions for NR operation in Non-Terrestrial networks
Delay spread in satellite propagation channels
Signal echoes are associated to the presence of indirect rays that reach the receiver antenna and carry a significant energy with respect to the energy of the direct ray.
ITU-R recommendation [34] defines for the 2 GHz band three parameter sets of wideband models, including LOS and NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban and rural environments. The delay spread of these three parameter sets ranges between 180 ns to 250 ns, whereas the 250 ns are stated to cover 90% of the cases.
For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in the same range or even lower due to the traveling distances of the echoes arriving at a receiver.
Few papers are available on delay spread measurements in Ka-Band. Reference [35] is stating the coherence bandwidth to be 30 MHz at 40 GHz with omnidirectional antennas. According to [36], the coherence bandwidth (Δ f)c of a channel with maximum delay spread Tm is 
(Δ f)c ≈ 1 / (5T)
For the stated coherence bandwidth in [35], this results in a maximum delay spread of Tm = 25 ns for omni-directional antennas. For directional antennas, echoes with significant delay are normally filtered out by the antenna radiation pattern, so flat fading can be assumed for Ka-band signals.


Based on above assumption and analysis, the maximum error for GNSS position and satellite position can be calculated in following table.
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	CP length
	
	
	Te
	Remaining budget for  (Te_GNSS+Te_SAT)
	GNSS position error + satellite position error

	120
	60
	36*64*Tc
	2*64*Tc
	2*64*Tc
	3.5*64*Tc
	10.5*64*Tc
	56m

	
	120
	18*64*Tc
	1*64*Tc
	0.5*64*Tc
	3.5*64*Tc
	4*64*Tc
	21m

	240
	60
	36*64*Tc
	2*64*Tc
	2*64*Tc
	3*64*Tc
	11*64*Tc
	58m

	
	120
	18*64*Tc
	1*64*Tc
	0.5*64*Tc
	3*64*Tc
	4*64*Tc
	21m



Observation 1: The maximum position error used for GNSS position and serving-satellite position is around 56m for 60 KHz UL SCS case and around 20m for 120 KHz UL SCS case.
Proposal 2: For 60 KHz UL SCS case, the GNSS position error is assumed as 15m and the serving-satellite position error is assumed as 30m, respectively.
Proposal 3: FFS to define the GNSS position error and the serving-satellite position error for 120 KHz UL SCS case.
3. Conclusion
In this contribution, we discussed the RRM impact for NTN bans above 10GHz and proposals are provided as follows:
Proposal 1: For terminal type 1, RAN4 to define the requirement for intra-satellite conditional HO.
Observation 1: The maximum position error used for GNSS position and serving-satellite position is around 56m for 60 KHz UL SCS case and around 20m for 120 KHz UL SCS case.
Proposal 2: For 60 KHz UL SCS case, the GNSS position error is assumed as 15m and the serving-satellite position error is assumed as 30m, respectively.
Proposal 3: FFS to define the GNSS position error and the serving-satellite position error for 120 KHz UL SCS case.
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