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1. Introduction
In last RAN4 meeting, the timing requirement for NR NTN has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the timing requirement for NR NTN.
2. UE specific TA estimation error
In [1], there was one open issues on UE specific TA estimation error, and we discuss this issue in this section.
	· 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.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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.


Regarding the UE specific TA estimation, it was agreed that UE specific TA estimation accuracy is counted into the UE transmit timing error requirement. Since the UE specific TA estimation is based on the RTT derived from UE position and satellite position, the UE specific TA estimation accuracy is up to the GNSS positioning accuracy and ephemeris accuracy. 
Those UE behaviours for UE specific TA estimation, e.g., estimation periodicity, is up to couple factors, i.e., GNSS measurement periodicity, ephemeris update rate, and UE calculation scheme for satellite position. All of those factors are up to UE and network implementation, we do not think the UE specific TA is an ideal value in the reference timing definition, and it’s the TA compensation value estimated by UE based propagator model, ephemeris information and UE GNSS measurement results. TA common is also an estimated TA value according to the parameters provided by the network. Also, in previous RAN1 meeting meeting, it was agreed that,
	·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.

Conclusion
  is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. 
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.
Agreement:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.


We think the RAN1 definition for NTA,UE-specific and NTA,common is sufficient and no additional clarification is needed. The propagator model used by UE is up to UE implementation and we don’t need to specify it in the minimum requirement (the margin and error has already been considered in the corresponding minimum requirement). The downlink timing of the reference cell could be same as TN requirement, which is the real timing received at UE, i.e., the downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.
Proposal 1: 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.
Proposal 2: propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
Proposal 3: downlink timing of the reference cell is defined same as legacy TN timing requirement.
3. Double correction issue and gradual timing adjustment
In last meeting, some of the discussions are summarized as,
	· 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.


In last RAN1 #107e meeting, it was discussed as,
	Further, regarding, the issue on combination of open and closed loop TA control: The following conclusion was extensively discussed during RAN1#107e
Conclusion:
The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.
Many companies were supportive of this conclusion. Few companies prefer not to conclude for now. The issue is within the hands of RAN4. RAN1 to come back on this issue during maintenance phase of release 17.  


The issue could be illustrated as below,
[image: Text

Description automatically generated]
In the NTN reference timing, it comprises: accumulated TA(NTA), TA offset (NTA,offset), TA common (NTA,common) and UE specific TA(NTA,UE-specific) before the DL timing. Therefore, we need to correct/adjust the reference timing because the previous accumulated TA may not be suitable based on new common TA and new UE specific TA estimation (open-loop TA change). For instance, before UE updates its own GNSS, network would use accumulated TA(close-loop TA) to compensate the RTT change, however, when UE updated its GNSS position, the previous accumulated close-loop TA is not proper based on the new open-loop TA. Our understanding is we need to adjust the reference timing for gradual timing adjustment for both open-loop components (UE specific TA, common TA) and close-loop TA. It makes no sense to e.g., speed up the UE timing adjustment speed to approach the wrong reference time with a new gradual timing adjustment requirement, since it cannot address the dual correction issue. 
We support RAN4 to define a requirement to address double-correction issue based on the framework of gradual timing adjustment accuracy requirement, e.g., the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates. Such requirement could be under the framework of legacy NTN gradual timing adjustment requirement but it could have some additional clarification. 
In last meeting email discussion, some companies proposed a compromised solution/requirement as,
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In our understanding, the satellite position and TA common can be calculated by UE based on the ephemeris information and parameters of feeder-link estimation(initial value and drifting rate). So, as long as UE calculate satellite position and TA common within valid time period of those parameters, no UE-side error shall be counted in the requirement. The only uncertainty part is UE GNSS measurement, and that uncertainty would be impacted by the UE moving, and it would eventually determine the gradual time adjustment step as for TN requirement. We also think both service link and feeder-link timing variation shall be considered in the gradual timing difference, but the compensation for those timing variation could be calculated by UE itself based on ephemeris information and TA common parameters.
Proposal 4: use framework of gradual timing adjustment accuracy requirement for NTN UE autonomous timing adjustment regardless double correction is used or not.
Proposal 5: The Tp_NTN/Tq_NTN of gradual timing adjustment accuracy requirement for NTN UE is same as legacy TN requirement:
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:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2)	The minimum aggregate adjustment rate shall be Tp_NTN per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN per 200 ms.
	where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in following table.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN 
	Tp_NTN

	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 


Regarding issue 2-4-2 “UE behaviour for gradual timing adjustment for NTN UE”, similar as TN case, UE could perform autonomous adjustment to reflect the downlink timing change or UE location change, so we think in NTN, UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. The adjustment direction could be same as TN and then let network to control the transmission timing by using TA command.
Proposal 6: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. 
4. TA adjustment accuracy requirement 
In [1], there were couple of open issues on TA adjustment accuracy requirement, and we discuss those issues in this section.
	· 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 legacy NR connected mode, the TA adjustment error is up to the UE UL timing granularity, as summarized as below,
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	UL timing granularity
	4Ts
	4Ts
	2Ts for FR1
0.5Ts for FR2
	0.5Ts


The TA adjustment accuracy requirement is only to verify if UE could adjust the timing based on TA command. Thus, the legacy NR TA adjustment accuracy requirement could be reused for NTN case. In our understanding, it’s no need to have additional condition for NTN TA adjustment accuracy. In gradual timing adjustment requirement discussion in section 3, we propose UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. However, the gradual timing adjustment would not be performed when UE is applying TA command as specified below.
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Thus, in TA adjustment requirement, it’s no need to consider margin for UE autonomous open loop TA pre-compensation.
Proposal 7: 
The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case.
No need to introduce additional conditions for NTN TA adjustment accuracy requirement.
No need to consider margin for UE autonomous open loop TA pre-compensation.
5. Conclusion
In this contribution, we discuss timing requirements for NR NTN.
Proposal 1: 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.
Proposal 2: propagator model used by UE is up to UE implementation and no need to specify it in the minimum requirement.
Proposal 3: downlink timing of the reference cell is defined same as legacy TN timing requirement.
Proposal 4: use framework of gradual timing adjustment accuracy requirement for NTN UE autonomous timing adjustment regardless double correction is used or not.
Proposal 5: The Tp_NTN/Tq_NTN of gradual timing adjustment accuracy requirement for NTN UE is same as legacy TN requirement:
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:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2)	The minimum aggregate adjustment rate shall be Tp_NTN per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN per 200 ms.
	where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in following table.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN 
	Tp_NTN

	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 


Proposal 6: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. 
Proposal 7: 
The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case.
No need to introduce additional conditions for NTN TA adjustment accuracy requirement.
No need to consider margin for UE autonomous open loop TA pre-compensation.
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its timing to within :Te-. The reference timing shall be _
_ X Tc before the_ of the reference cell. All adjustments made to the UE uplink

timing shall follow these rules:
1) The maximum amount of the magnitude of the timing change in one adjustment shall be Tg.
2) The minimum aggregate adjustment rate shall be T, per second.
3) The maximum aggregate adjustment rate shall be Tq per 200 ms.
where the maximum autonomous time adjustment step T, and the aggregate adjustment rate T}, are specified in Table 7.1.2.1-1.

Table 7.1.2.1-1: Ty Maximum Autonomous Time Adjustment Step and T, Minimum Aggregate Adjustment rate

SCS of uplink signals

Frequency Range (kHz) Tq To
1 15 5.5*64*T, 5.5*64*T,
30 5.5*64*T, 5.5*64*T,
60 NA NA
NOTE: T, is the basic timing unit defined in TS 38.211 [6]





