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1. Introduction
In last RAN4 meeting, a way forward on GNSS-related and timing requirements for NR NTN was approved [1]. Many agreements and conclusions have reached as captured in section 5 and some issues are still FFS and open. This document will further discuss the timing requirements issues for NR NTN and present our understanding and proposals.

2. Discussion
1).  WF on UE specific TA estimation
Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
There are several options in WF [1]. We support option1, i.e. no.
Proposal 1: Do not define the update periodicity for UE specific TA estimation.

Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
There are several options in WF [1]. We support option1, i.e. no.
Proposal 2: Do not define UE behaviour related to updating rate for UE specific TA estimation.

Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment
There are several options in WF [1]. We support option1, i.e. do not specify UE behaviour on UE specific TA updating before applying TA adjustment.
Proposal 3: Do not specify UE behaviour on UE specific TA updating before applying TA adjustment.

2).  WF on UE initial transmit timing error requirements
Issue 2-2-9: Requirement of UE initial transmit timing error (Te_NTN)
Following requirements are agreed in last meeting:
	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


But the requirements for SCS of uplink signals = 15kHz are still in []. We think it is agreed that the Te_NTN is agreed as Te_NTN = Te + Te_GNSS + Te_SAT. The Te_GNSS + Te_SAT requirements should not be related with SCS and Te defined in current TS38.133 is defined as following:
	15
	15
	12*64*Tc

	
	30
	10*64*Tc

	
	60
	10*64*Tc

	30
	15
	8*64*Tc

	
	30
	8*64*Tc


So we think the [29]*64*Tc and [24]*64*Tc are relaxed unnecessary. These requirements should be reduced suitably. We have already agreed 24*64*Tc and 22*64*Tc for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz
[bookmark: _GoBack]Proposal 4: The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz

3).  WF on gradual timing adjustment requirements
There are 7 issues (issue 2-3-1 ~ issue 2-3-7) in WF [1] without any agreements. In last RAN1 meeting, there are following agreements: 
Agreement
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time ( used for  calculation as follows:

where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameters defined in RAN1#106-bis-e
·  is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.

We think that UE can follow the down link timing change due to satellite moving at very transmit slot using above common TA parameters and TAUE-specific. The gradual timing adjustment are only used for update transmit timing following UE moving and propagation path change as TN UE. So the gradual timing adjustment requirements for TN UE can be reused for NTN UE.
Proposal 5: The gradual timing adjustment requirements for TN UE can be reused for NTN UE.
Due to the gradual timing adjustment is done with update of common TA and TAUE-specific. The tests of gradual timing adjustment requirements will be difficult for LEO because it can’t be distinguished from UE transmit timing error. So it may be tested only on GEO network.
Proposal 6: The test of gradual timing adjustment requirements may be done only on GEO network.

4).  WF on TA adjustment accuracy requirements
Issue 2-4-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
There are two options in WF [1]. We think the option 2 should be adopted, i.e. UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 7: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.

Issue 2-4-4: TA adjustment accuracy requirement in RRC_CONNECTED mode
There are several options in WF [1]. We support option1, i.e. reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
Proposal 8: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
The UE TA adjustment accuracy will not be distinguished from UE transmit timing error because it includes TA common error and TAUE-specific error. The TA adjustment accuracy requirements may be tested only on GEO network not tested using LEO network.
Proposal 9: The test of TA adjustment accuracy requirements may be done only on GEO network.

3. Conclusion
This document discussed the timing requirements issues for NR NTN. The following proposals are concluded.
Proposal 1: Do not define the update periodicity for UE specific TA estimation.
Proposal 2: Do not define UE behaviour related to updating rate for UE specific TA estimation.
Proposal 3: Do not specify UE behaviour on UE specific TA updating before applying TA adjustment.
Proposal 4: The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz
Proposal 5: The gradual timing adjustment requirements for TN UE can be reused for NTN UE.
Proposal 6: The test of gradual timing adjustment requirements may be done only on GEO network.
Proposal 7: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 8: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
Proposal 9: The test of TA adjustment accuracy requirements may be done only on GEO network.
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5. Annex: Requirements and Conclusions
1).  WF on UE specific TA estimation
Issue 2-1-4: The validity of ephemeris information.
· The ephemeris information is valid at UE side when the NTN ephemeris validity timer(s) for timing information related parameters is running otherwise ephemeris information is invalid.
· RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running.
Issue 2-1-5: Whether to define a separate accuracy requirement for self-estimated TA common (NTA_common) in TS38.133?
· RAN4 is not to define a separate accuracy requirement for self-estimated TA common (NTA_common) in TS38.133.
Issue 2-1-6: Whether to define a separate accuracy requirement for the combination of   in TS38.133?
· RAN4 is not to define a separate accuracy requirement for the combination of   in TS38.133.

2).  WF on UE initial transmit timing error requirements
Issue 2-2-1: Timing error due to GNSS positioning accuracy (Te_GNSS).
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.
Issue 2-2-2: Timing error due to serving-satellite position estimation error (Te_SAT).
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*108 m/s.
Issue 2-2-5: Whether the equation of Te_NTN = Te + Te_GNSS + Te_SAT is captured in specification?
· The equation of Te_NTN = Te + Te_GNSS + Te_SAT is not captured in TS38.133.
Issue 2-2-6: Whether introduce the Te_NTN requirement for UL SCS = 60 KHz in Rel-17?
· RAN4 is not to define Te_NTN requirement for UL SCS = 60 KHz in Rel-17.
Issue 2-2-10: The clarification on reference time.
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.

4).  WF on TA adjustment accuracy requirements
Issue 2-4-3: Application time of TA adjustment
· RAN4 shall introduce the TA adjustment delay requirement for NTN in TS38.133 if the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters is specified in RAN1 specification.
Issue 2-4-5: Application rule for TA adjustment accuracy requirement
· The TA adjustment requirements are applied when the UE receives a TA command by network signalling.


Page 1

