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1. Introduction
According to the email discussion summary in [1], this document is to capture the WF on GNSS-related requirements and timing requirements for NR NTN. 
2. WF on timing requirements
2.1 	WF on UE transmit timing requirements
· Issue 1-1: Requirement of initial transmit timing error (Te_NTN).
· Agreement:
· Remove the square brackets for Te_NTN requirement
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

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



· Issue 1-2: The clarification on NTA,UE-specific and NTA,common.
· Continue the discussion in performance part
· Option 1: (Apple, Huawei, Ericsson, ZTE, LGE)
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
· Option 2: (Qualcomm, THALES)
· A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Option 4: (CMCC, Xiaomi)
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
· Issue 1-3: The clarification on downlink timing of the reference cell.
· Continue the discussion on the clarification on downlink timing of the reference cell in performance part.
· Issue 1-4: The clarification on propagator model used to define the reference timing in UE UL timing requirements.
· Agreement
· Propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement spec.
· Issue 1-5: The clarification on reference timing adjustment for UE transmit timing.
· Agreement:
· No need to have further clarification on reference timing adjustment for UE transmit timing.
· Issue 1-6: Double correction issue related to combination of open and closed loop TA control.
· Agreement:
· Double correction issue shall be taken into account in the gradual timing adjustment accuracy requirement.
· Issue 1-7: Gradual timing adjustment requirement.
· Agreement:
· When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. 
· The reference timing shall be (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc before the downlink timing of the reference cell. 
· All adjustments made to the UE uplink timing shall follow these rules:
· The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq.
· The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp per second.
· The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq per 200 ms.
· where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table.
· The maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table below.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq 
	Tp 

	1
	15
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	30
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	60
	NA
	NA

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



· Issue 1-8: UE behaviour for gradual timing adjustment for NTN UE.
· Agreement:
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Issue 1-9: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Agreement:
· The maximum delay variation for the round trip delay is not considered in the gradual timing adjustment requirement.
· Issue 1-10: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Agreement:
· The feeder link time drift is not considered in the gradual timing adjustment requirement.
2.5		WF on TA adjustment accuracy requirements
· Issue 2-1: The additional conditions for NTN TA adjustment accuracy requirement.
· Agreement: 
· The UE shall adjust the timing of its transmissions, apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].

· Issue 2-2: The margin to accommodate UE autonomous open loop TA pre-compensation.
· Agreement:
· No need to consider margin for UE autonomous open loop TA pre-compensation.
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