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1. Introduction
In RAN#101bis-e meeting, RAN4 had extension discussion on timing related requirements for NR NTN, and the related WF was approved in [1]. In this contribution, we further discuss the timing requirements for NR NTN and provide our proposals.
2. Discussion
2.1 Reference timing for UE transmit timing
	· Issue 2-2-2: The reference timing for UE transmit timing.
· Agreement:
· The reference timing for the UE transmit timing shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc.
· FFS the additional clarification on NTA,UE-specific and NTA,common.
· FFS the clarification on the reference propagator model UE used at UE side.
· FFS the clarification on the downlink timing of the reference cell.


In last RAN4 meetings, the reference timing for UE transmit timing shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc. However, the additional clarifications are need, e.g. NTA,UE-specific and NTA,common. Since the common TA (NTA,common) may be changing over time according to the parameters configured by network, and similarly, the UE specific TA (NTA,UE-specific) may be changing over time according to the valid ephemeris information, thus, the reference timing for UE transmit timing is changing over time. Thus, the change of reference timing due to the RTT change on service link and feeder link should be excluded from the timing accuracy requirements, e.g. gradual timing adjustment requirement. In addition, the reference timing of UE transmit timing is used to determine the transmit timing without any timing error, thus, we also think the reference timing should be the value without any error due to estimation or calculation at UE side.
Proposal 1: The change of reference timing for UE UL transmit timing due to RTT change should be excluded from the timing accuracy requirements, e.g. gradual timing adjustment requirement.
Proposal 2: The NTA,UE-specific and NTA,common should be the value without estimation or calculation error.
2.2 Double correction issue
	· Issue 2-3-1: Double correction issue related to combination of open and closed loop TA control.
· Option 1: 
· Double correction issue can be addressed by defining NTN UE initial timing accuracy requirement for all UL transmissions.
· Option 2: 
· Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.


As discussed in email thread#213 in RAN4#101bis-e meeting, the double correction issue occurs when UE does not update its position at a reasonable rate in limit case, e.g. UE velocity is higher than a certain threshold, or the closed-loop TA and open-loop TA coincidentally occur almost at the same time. In my understanding, the double correction issue can be considered as a timing error when UE updates its open loop TA after the new TAC command reception, and we think this timing error can be addressed under the framework of gradual timing adjustment requirement with some clarification, e.g. the amount of gradual timing adjustment includes the amount of timing error due to double correction issue.
Proposal 3: Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
Proposal 4: The amount of gradual timing adjustment accuracy requirement applies to the following timing inaccuracy:
· The unexpected DL reception timing jump
· Timing inaccuracy when UE does not update its position at a reasonable rate
2.3 Gradual timing adjustment requirement
	· Issue 2-4-1: The principles for defining gradual timing adjustment requirement
· Option1: 
· Whether and how to relax the gradual timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate
· FFS on the propagation delay drift for service link and feeder link.
· NTN UE is required to adjust its UL timing towards updated UE specific TA and DL timing gradually, according to minimum and maximum aggregate adjustment rate requirements
· Option 2: 
· Not define gradual timing adjustment requirement for NTN UE;
· Replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions.
· Issue 2-4-2: 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.
· Option 3: 
· For GEO, UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· For LEO, UE performs timing adjustment with combining downlink reception timing drifting, common TA change and UE specific TA change as one adjustment.
· Issue 2-4-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
· Agreement
· RAN4 defines the same gradual timing adjustment requirements for different NTN topologies, if defined.
· Issue 2-4-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: 
· No
· Issue 2-4-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: 
· No


As analyzed in 2.1, the RTT change on service link and feeder link has been addressed by RAN1 design which should not be considered in gradual timing adjustment requirement. Thus, there is no need to consider the feeder link timing drift in gradual timing adjustment requirement. And also there is no need to consider the maximum delay variation for the round trip delay in gradual timing adjustment requirement. 
Proposal 5: The feeder link timing drift should not be considered in gradual timing adjustment requirements.
Proposal 6: The maximum delay variation for the round trip delay should not be considered in the gradual timing adjustment requirement in NTN.
In legacy requirement, the minimum adjustment rate (Tp) is 5.5Ts/sec and the maximum adjustment rate (Tq) is 5.5Ts/200ms. Since the UE initial transmission error requirement for NTN was agreed to be relaxed compared with legacy Te requirement. In addition, the amount of gradual timing adjustment includes both the amount of timing error due to double correction issue and unexpected DL timing jump. Thus, the gradual timing adjustment requirement, e.g. Tp and Tq should be relaxed accordingly based on the legacy gradual timing adjustment requirement. 
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

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



Proposal 7: The gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 13.5Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 13.5Ts per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 13.5Ts per 200 ms.
Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 1
Table 1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

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



2.4 TA adjustment accuracy
	· Issue 2-5-2: TA adjustment accuracy requirement in RRC_CONNECTED mode
· Agreement:
· The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case.
· FFS on the additional conditions for NTN TA adjustment accuracy requirement.
· FFS the margin to accommodate UE autonomous open loop TA pre-compensation.


In last meeting, it was agreed that the legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case, but FFS whether to consider the margin due to UE autonomous open loop TA pre-compensation. In my understanding, since the update of open loop TA is considered in reference timing change, we don’t think it is needed to consider additionally such margin in TA adjustment accuracy requirement. In addition, we can add a clarification that the legacy NR TA adjustment accuracy requirements defined in TS 38.133 is applied to closed loop TA control.
Proposal 8: RAN4 not to consider the margin to accommodate UE autonomous open loop TA pre-compensation.
Proposal 9: NTN TA adjustment accuracy requirement is only applied to closed loop TA control.
3. Conclusion
In this contribution, we further discuss the timing requirements for NR NTN and provide our proposals as follows.
Proposal 1: The change of reference timing for UE UL transmit timing due to RTT change should be excluded from the timing accuracy requirements, e.g. gradual timing adjustment requirement.
Proposal 2: The NTA,UE-specific and NTA,common should be the value without estimation or calculation error.
Proposal 3: Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
Proposal 4: The amount of gradual timing adjustment accuracy requirement applies to the following timing inaccuracy:
· The unexpected DL reception timing jump
· Timing inaccuracy when UE does not update its position at a reasonable rate
Proposal 5: The feeder link timing drift should not be considered in gradual timing adjustment requirements.
Proposal 6: The maximum delay variation for the round trip delay should not be considered in the gradual timing adjustment requirement in NTN.
Proposal 7: The gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 13.5Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 13.5Ts per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 13.5Ts per 200 ms.
Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 1
Table 1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

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



Proposal 8: RAN4 not to consider the margin to accommodate UE autonomous open loop TA pre-compensation.
Proposal 9: NTN TA adjustment accuracy requirement is only applied to closed loop TA control.
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