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1.	Introduction
We provide our views on the following:
· UE UL Timing Accuracy Requirements
· RRM and Mobility Requirements
2. 	Discussion
UE UL Timing Accuracy Requirements
In RAN#101 meeting, the following proposal in RP-232694 was endorsed.
· Proposal 1: As part of the NR-NTN-enh WID, RAN4 shall work on the definition of RRM requirements considering the following:
· cases: 
· Case-1: Stationary UE for GSO; 
· Case-2: Stationary UE for LEO; 
· Case-3: Mobile UE for GSO
· UE architectures: 
· Fully electronically-steered beam UEs (Type 1); 
· Fully mechanically-steered beam UEs (Type 2)

In order to preserve inter-symbol and -carrier orthogonality in uplink, the total UL timing error shall not be larger than half of CP minus fading channel delay spread. According to TR38.811, in Ka band with directional antennas, echoes with significant delay are normally filtered out by the antenna radiation pattern, so flat fading can be assumed. Thus, we can formulate the following criterion for the analysis of the required UE positioning error. 
· Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf) > 0: an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm

Unlike Rel-17 UL timing accuracy requirement, we can consider different requirements on Te and different assumptions on UE and satellite positioning errors for different cases.

Proposal 1: RAN4 to define UL timing accuracy requirements based on the following principles.
· Requirements can be different for different cases, e.g. 
· Te_NTN for Case-1 ≤ Te_NTN for Case-2 ≤ Te_NTN for Case-3
· Different UE positioning error and satellite positioning error are considered for different cases, e.g. 
· [5]m and [X>5]m for Stationary and Mobile UEs, respectively.
· [10]m and [Y>10]m for GSO and LEO, respectively.
· Requirements can be different for different numerologies.
· No differentiation between CP types for 60kHz UL SCS.
· No different requirements for different uplink signals and channels.
· Note: GSO includes both Geostationary and Geosynchronous orbits
· Note: The maximum error of satellite positioning to be assumed for uplink UE UL timing requirement definition considers Geosynchronous orbits satellite. Here, ‘satellite positioning’ refers to satellite position estimated by UE based on ephemeris information and UE implementation specific propagator model.

Another aspect RAN4 may want to further consider is a biased TA correction in RAR. Although TA in RAR in response to PRACH transmission can correct UE positioning error for the subsequent UL transmissions, there can be a potential issue due to the fact that TA in RAR has only a positive value, which may lead to ISI/ICI on Msg3 PUSCH reception from NW. Note that the impact of ISI/ICI due to the positive value only TA can be more severe because the residual error after TA application with the absolute value can be significantly large considering the CP length 8 times shorter than 15kHz SCS in FR1. For instance, when Msg1 transmission time was advanced, which should have been delayed, due to UE positioning error, the Msg3 transmission time cannot be delayed relative to Msg1 transmission time due to the current TA range in RAR which is always equal to or larger than zero. In order to resolve the issue, the range of TA in RAR needs to be modified so that it can include both negative and positive values. Or alternatively, we can consider delaying PRACH transmission by a certain fixed offset.

Proposal 2: In order to alleviate the impact of ISI and ICI on subsequent UL transmissions (especially Msg3) after PRACH transmission, RAN4 to consider modifying a range of TA in RAR to include both negative and positive values and/or delaying PRACH transmission by a certain fixed offset.

RRM and Mobility Requirements
Another proposal endorsed from RP-232694 is reproduced 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
	



· 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)

To our understanding on ‘blind HO for inter-satellite,’ it effectively removes any NTN specific new CHO methods, e.g. time/distance-based CHO event, as those cannot be so far used for a standalone CHO event. Another point that got our attention is the last bullet. In the last bullet, ‘no Rx beam sweeping’ actually means to us that ‘Reuse FR1 requirement’ for Type 1 device as well as Type 2 in the sense that the UE Rx beam sweeping aspect does not have to be factored in the requirement definition. And regarding ‘Reuse FR1 requirement,’ it should be a common understanding that it does not really mean the measurement requirement will be based on FR1 MG patterns.

Observation 1: The proposal 2 in the endorsed WF from RAN#101 meeting (RP-232694) is interpreted as below:
· No NTN specific new CHO method is applicable for inter-satellite HO case.
· RRM requirements for Type 1 device are also based on FR1 requirements in terms of UE Rx beam sweeping factor.
· RRM requirements should be defined based on FR2 MG patterns

3.	Conclusion
Proposals are summarized below:
UE UL Timing Accuracy Requirements
Proposal 1: RAN4 to define UL timing accuracy requirements based on the following principles.
· Requirements can be different for different cases, e.g. 
· Te_NTN for Case-1 ≤ Te_NTN for Case-2 ≤ Te_NTN for Case-3
· Different UE positioning error and satellite positioning error are considered for different cases, e.g. 
· [5]m and [X>5]m for Stationary and Mobile UEs, respectively.
· [10]m and [Y>10]m for GSO and LEO, respectively.
· Requirements can be different for different numerologies.
· No differentiation between CP types for 60kHz UL SCS.
· No different requirements for different uplink signals and channels.
· Note: GSO includes both Geostationary and Geosynchronous orbits
· Note: The maximum error of satellite positioning to be assumed for uplink UE UL timing requirement definition considers Geosynchronous orbits satellite. Here, ‘satellite positioning’ refers to satellite position estimated by UE based on ephemeris information and UE implementation specific propagator model.

Proposal 2: In order to alleviate the impact of ISI and ICI on subsequent UL transmissions (especially Msg3) after PRACH transmission, RAN4 to consider modifying a range of TA in RAR to include both negative and positive values and/or delaying PRACH transmission by a certain fixed offset.

RRM and Mobility Requirements
Observation 1: The proposal 2 in the endorsed WF from RAN#101 meeting (RP-232694) is interpreted as below:
· No NTN specific new CHO method is applicable for inter-satellite HO case.
· RRM requirements for Type 1 device are also based on FR1 requirements in terms of UE Rx beam sweeping factor.
· RRM requirements should be defined based on FR2 MG patterns
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