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1. Introduction
This document is to capture the WF on GNSS-related requirements and timing requirements for NR NTN. Based on RAN#92e meeting agreements in [1], the NTN discussion on FR2 aspects is postponed. To align with RAN plenary agreement, the discussion on NTN UE timing requirements shall focus on FR1 aspects.
2. WF on GNSS related requirements
· RAN4 not to define the general GNSS positioning accuracy requirements for NR NTN.
· GNSS accuracy assumption for RRM requirements.
· Option 1: Use a common GNSS accuracy assumption for all RRM requirements
· Option 2: GNSS accuracy assumption is discussed by case-by-case basis for different RRM requirements.
· RAN4 not to further discuss the assumptions on delay or frequency of GNSS fix for defining RRM requirements.
· No UE capability on GNSS accuracy is defined in Rel-17 NTN WI.
· The GNSS accuracy assumption used in RRC_CONNECTED state is applied in RRC-IDLE/INACTIVE state.
· GNSS performance
· GNSS performance is used as side condition for RRM requirement design
· It is up to UE implementation when and how frequently to read and update GNSS information as long as the RRM requirements are met
· FFS the potential RRM impact if RAN4 identify any issue due to intra-UE co-existence between GNSS receiver and NR transmitter in RF session.
3. WF on timing requirements
3.1 	WF on UE specific TA estimation
· RAN4 not to define a separate accuracy requirement for UE specific TA estimation. 
· UE behaviour for UE specific TA
· FFS whether and how to specify UE behaviour on updating rate for UE specific TA estimation
· FFS whether and how to specify UE behaviour on UE specific TA updating before applying TA adjustment
· RAN4 assumes the valid ephemeris information is guaranteed for the UE transmit timing requirement test.
· FFS when the ephemeris information is invalid or expired at UE side
· FFS whether to define a separate accuracy requirement for self-estimated TA common ().
· FFS whetherto define a separate accuracy requirement for the combination of  .
3.2 	WF on UE transmit timing requirements
· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Note: Te_GNSS shall include the total RTT error
· FFS the clarification on total RTT error
· FFS how to derive Te_GNSS from the GNSS positioning accuracy
· Te_SAT is the serving-satellite position estimation error
· Note: Te_SAT shall include the total RTT error
·  FFS the clarification on total RTT error
· FFS if the equation shall be included into the specification or only Te_NTN values shall be included
· GNSS accuracy assumption for timing requirements
· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m
· For UL SCS = 60kHz in FR1: FFS
· FFS the serving-satellite position estimation error (Te_SAT).
· Option 1: Te_SAT is the error from calculation model used by UE side
· Option 2: Te_SAT is error due to outdated/inaccurate ephemeris information
· Option 3: The error in both option 1 and option 2 should be accounted in Te_SAT.
· Use 50m of 2-D position error defined in scenario of moving scenario and periodic update in section 6.5 TS 38.171 as the side condition for Te_NTN requirement.
· Initial transmit timing error (Te_NTN) in FR1
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[X1]*64*Tc

	
	
	30
	[X2]*64*Tc

	
	
	60
	[X3]*64*Tc

	
	30
	15
	[Y1]*64*Tc

	
	
	30
	[Y2]*64*Tc

	
	
	60
	[Y3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211



· The max tolerance for NTN UL timing error
· Option 1: (CP – 8*64*Tc)/3 for FR1
· Option 2: 0.5*CP for 15KHz and 30KHz
· Other options not precluded.
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus .
· FFS whether the clarification on  is needed.
· The principle for gradual timing adjustment requirement
· Option 1: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate 
· Option 2: Change the definition of reference timing and keep the current requirement
· FFS whether to define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO.
· FFS whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
· FFS Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN
· UE behaviour for gradual timing adjustment for NTN UE
· Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· For GEO scenarios, FFS whether the existing TN gradual timing adjustment requirement can be applied.
· The gradual timing adjustment requirement
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· The minimum aggregate adjustment rate shall be Tp_NTN per [X]ms.
· FFS whether X can be different for different types of satellites, altitude, etc
· The maximum aggregate adjustment rate shall be Tq_NTN per [Y]ms.
· FFS whether Y can be different for different types of satellites, altitude, etc
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[Z1]*64*Tc
	[Z1]*64*Tc

	
	30
	[Z2]*64*Tc
	[Z2]*64*Tc

	
	60
	[Z3]*64*Tc
	[Z3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· Note: FFS whether Z1-Z3 can be different for different types of satellites, altitude, etc
· [bookmark: _GoBack]FFS on whether the requirement will be applicable for LEO
3.3		TA adjustment accuracy requirements
· FFS whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
· FFS whether UE specific TA is allowed to be updated within the k slots delay for TAC adjustment
· The application time of TA adjustment upon TAC shall be updated to incorporate the newly introduced K_offset and K_mac parameters is FFS.
· TA adjustment accuracy requirement in RRC_CONNECTED mode
· Option 1: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 2: TA adjustment accuracy requirement can be defined as existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed, otherwise plus delay error related with nominal accuracy of GNSS, i.e. 30m.
· Option 3: Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command.
· Option 4: RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN
· FFS the impact on TA adjustment accuracy due to the open-loop and closed-loop TA compensation.
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