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1. Introduction
In RAN4#100-e meeting, the NTN timing requirements were discussed and a way forward was agreed in [1]. In this contribution, we continue discussing the NTN timing related issues. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. NTN UE specific TA estimation
Issue 1-1: 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
[bookmark: _Hlk84258495]For the first FFS, in order to guarantee UE specific TA pre-compensation performance, we prefer to set a lower bound of UE specific TA update frequency, especially if UE periodic reporting of UE specific TA pre-compensation information is supported in RAN1. In this case, the lower bound of UE specific TA estimation update frequency can be equal to the frequency of UE specific TA pre-compensation information reporting. 
Proposal 1: If UE periodic reporting of UE specific TA pre-compensation information is supported, then the lower bound of UE specific TA estimation update frequency can be equal to the frequency of UE specific TA pre-compensation information reporting.
For the second FFS, we don’t think specify UE behavior on UE specific TA updating before applying TA adjustment can resolve the “close-loop and open-loop” issue and the error caused by TA command activation time. 
Proposal 2: Do not specify UE behavior on UE specific TA updating before applying TA adjustment.
Issue 1-2: 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
An agreement about ephemeris validity has been achieved in RAN1#106-e meeting as follows:
	A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.


RAN1 has design such methodology to make sure UE will use valid ephemeris information. Hence, ephemeris information is invalid or expired will be the conner case. In our view, there is no need to further design the requirements and test cases for this scenario.
Proposal 3: Do not specify the requirements when the ephemeris information is invalid or expired at UE side.
[bookmark: _Hlk84270432]Issue 1-3: FFS whether to define a separate accuracy requirement for self-estimated TA common NTA,common.
Issue 1-4: FFS whether to define a separate accuracy requirement for the combination of NTA,UE-specific+NTA,common.
The parameter NTA,common is network-controlled common TA, the accuracy of common TA is independent from UE behavior, so there is no need to define a separate accuracy requirement for NTA,common and NTA,UE-specific+NTA,common.
The error introduced by NTA,common can be considered in the boundary of Te_NTN.
Proposal 4: Do not define the requirements for NTA,common and NTA,UE-specific+NTA,common.
2.2. NTN UE transmit timing requirements
Issue 2-1: Initial transmit timing requirement in NTN
Agreements in RAN4#100-e:
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
The Te_NTN requirement includes initial Te and the timing error caused by UE specific TA estimation. UE specific TA is twice of serving link delay, so the error of UE specific TA is twice of the error of serving link delay. The error of serving link delay is equal to the timing error introduced by UE position (derived by GNSS) and satellite position. Hence, the error of UE specific TA is twice of the timing error introduced by GNSS accuracy and serving-satellite position estimation. So total RTT error means twice of estimation error. 
Te_GNSS=2*E_GNSS-positioning accuracy/c, E_GNSS-positioning accuracy is the positioning error introduced by GNSS accuracy.
Te_SAT=2*E_serving-satellite position estimation/c, E_serving-satellite position estimation is the calculation error introduced by serving-satellite position estimation.
We don’t see the necessity of including the equation into the specification, since we will not define the requirements for each parameter in this equation. UE only need to satisfy the total NTN initial transmit timing requirements, regardless which kind of error is. 
Proposal 5: 
· Te_GNSS=2*E_GNSS-positioning accuracy/c, E_GNSS-positioning accuracy is the positioning error introduced by GNSS accuracy.
· Te_SAT=2*E_ serving-satellite position estimation/c, E_serving-satellite position estimation is the calculation error introduced by serving-satellite position estimation.
Proposal 6: The equation of Te_NTN will not be included in the specification.
Issue 2-2: GNSS accuracy assumption for timing requirements
Agreement in RAN4#100-e meeting:
· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m
· For UL SCS = 60kHz in FR1: FFS
Issue 2-3: 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.
Issue 2-4: 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


Issue 2-5: 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.
According to the equation in Issue 2-1, there are two unknown parts of Te_NTN, which are Te_GNSS and Te_SAT.
Issue 2-2 study the value of Te_GNSS. For UL SCS = 60kHz in FR1, we propose to use 20m as the baseline.
Issue 2-3 study the value of Te_SAT. Similar as Issue 1-2, we think the ephemeris information provided by network is valid based on RAN1’s design, outdated and/or inaccurate ephemeris information will be the conner cases. No need to further design the requirements and test cases for these conner scenarios. Therefore, we support Option 1.
Issue 2-5 study the max tolerance for NTN UL timing error. First of all, the total timing error should smaller than 0.5*CP in order to against the ISI. For FR1 UE, the total timing error consists of following components: channel delay, error of NTA-common, TA adjustment error, and Te_NTN. Therefore, the max tolerance for Te_NTN is 0.5*CP - Delay_spread - error of NTA-common - TA adjustment error
We do the max tolerance calculation. We use 250ns as the delay spread [2], 33ns as the NTA-common error, which assume the error from calculation model used by UE is equal to 5m.
	CP
	Delay_spread
	Error of NTA-common
	TA adjustment error
	Max tolerance

	144*64*Tc 
4.68µs
	250ns
	33ns
	256*Tc
0.13µs
	59*64*Tc
1.927µs

	72*64*Tc
2.34µs
	250ns
	33ns
	256*Tc
0.13µs
	23*64*Tc
0.757µs

	36*64*Tc
1.17µs
	250ns
	33ns
	128*Tc
0.065µs
	7*64*Tc
0.237µs


The Te_NTN = min(Te_NTN’, max tolerance for NTN UL timing error), the Te_NTN’= Te+Te_GNSS+Te_SAT , which is calculated as follows, we use 20m for GNSS accuracy assumption when UL SCS is 60kHz, 33ns for Te_SAT.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Te_GNSS
	Te_SAT
	Te_NTN’

	1
	15
	15
	12*64*Tc
	330ns
	33ns
	753ns
23*64*Tc

	
	
	30
	10*64*Tc
	330ns
	33ns
	689ns
21*64*Tc

	
	
	60
	10*64*Tc
	133ns
	33ns
	492ns
15*64*Tc

	
	30
	15
	8*64*Tc
	330ns
	33ns
	623ns
19*64*Tc

	
	
	30
	8*64*Tc
	330ns
	33ns
	623ns
19*64*Tc

	
	
	60
	7*64*Tc
	133ns
	33ns
	394ns
12*64*Tc


Considering of Te_NTN’ and max tolerance for NTN UL timing error, we can derive the Te_NTN as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Te_NTN’
	Max tolerance of Te_NTN
	Te_NTN

	1
	15
	15
	12*64*Tc
	23*64*Tc
753ns
	59*64*Tc
1.927µs
	23*64*Tc
753ns

	
	
	30
	10*64*Tc
	21*64*Tc
689ns
	23*64*Tc
0.757µs
	21*64*Tc
689ns

	
	
	60
	10*64*Tc
	15*64*Tc
492ns
	7*64*Tc
0.237µs
	__

	
	30
	15
	8*64*Tc
	19*64*Tc
623ns
	59*64*Tc
1.927µs
	19*64*Tc
623ns

	
	
	30
	8*64*Tc
	19*64*Tc
623ns
	23*64*Tc
0.757µs
	19*64*Tc
623ns

	
	
	60
	7*64*Tc
	12*64*Tc
394ns
	7*64*Tc
0.237µs
	__


For UL SCS 60kHz, the max tolerance of Te_NTN is equal to or smaller than Te under our assumption (33ns for NTA_common error). Therefore, we think whether 60kHz UL SCS can be used for NTN should be re-considered.
Proposal 7: Te_SAT is the error from calculation model used by UE side 
Proposal 8: the max tolerance for Te_NTN is 0.5*CP - Delay_spread - error of NTA-common - TA adjustment error
Proposal 9: we propose the initial transmit timing error as
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	23*64*Tc

	
	
	30
	21*64*Tc

	
	30
	15
	19*64*Tc

	
	
	30
	19*64*Tc


Proposal 10: Whether 60kHz UL SCS can be used for NTN should be re-considered.
Issue 2-6: The reference timing for UE initial transmission 
Agreement in RAN4#100-e meeting:
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc.
· FFS whether the clarification on NTA,UE-specific is needed.
Based on RAN1’s design, the definition of NTA,UE-specific above is: NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay. However, the NTA,UE-specific in reference timing definition should be ideal service link delay. Hence, the clarification on NTA,UE-specific is needed.
Proposal 11: the clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
[bookmark: _Hlk83889987]Issue 2-7: 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
Issue 2-8: FFS whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
Issue 2-9: FFS Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN
First of all, the definition of reference timing should be changed to (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc before the downlink timing of the reference cell. Besides, the clarification on NTA,UE-specific is also needed, in order to clarify the NTA,UE-specific is ideal service link delay other than UE self-estimated TA.
Secondly, we think the change of NTA,UE-specific and NTA,common should be also included in gradual timing adjustment requirement. Or else, UE cannot guarantee the UL timing error always within ±Te. The change of NTA,UE-specific can be reflect by parameter “Maximum Delay variation as seen by the UE”, and we propose to consider the worst case here which is up to +/- 40 µs/sec.
In a word, we propose to change the definition of reference timing and update the requirement accordingly to accommodate the timing change/drift.
Proposal 12: Change the definition of reference timing to (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc, and the clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
Proposal 13: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
Proposal 14: The maximum delay variation should be considered in gradual timing adjustment requirement in NTN.
Proposal 15: Feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
Issue 2-10: 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.
We support Option 2 here. In addition, Option 2 will be used only for the assumption of gradual timing adjustment requirement definition, we use this combining adjustment to develop Tp_NTN and so on, it has no impact to actual UE timing adjust behavior.
Proposal 16: The gradual timing adjustment requirement should consider combining downlink reception timing drifting and UE specific TA change as one adjustment. 
Issue 2-11: The gradual timing adjustment requirement
Agreement in RAN4#100-e meeting:
· 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
· FFS on whether the requirement will be applicable for LEO
Based on our calculation in R4-2109493[3], for LEO network topology, the max total time drift is about 255Ts per 200ms, which is about 20 times the existing Tq. We propose to shorten the time unit of Tq_NTN from 200ms to 20ms, and shorten the time unit of Tp_NTN from 1000ms to 100ms. Then the minimum aggregate adjustment rate shall be Tp_NTN=25.5*64*Tc per 100ms, the maximum aggregate adjustment rate shall be Tq_NTN=25.5*64*Tc per 20 ms.
Proposal 17: For LEO topology,
· The minimum aggregate adjustment rate shall be Tp_NTN=25.5*64*Tc per 100ms
· The maximum aggregate adjustment rate shall be Tq_NTN=25.5*64*Tc per 20 ms.
2.3. TA adjustment accuracy requirements
Issue 3-1: 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
The error introduced by UE specific TA update can be covered by Te and gradual timing adjustment requirement, here, we can only focus on the adjustment error regardless of whether the UE specific TA is changed or not. Therefore, the existing timing advance adjustment accuracy requirements defined in TS 38.133 can be reused.
However, in test case, if UE specific TA is changed during TAC application time, and network do not know the latest UE specific TA, then there will be misalignment between network and UE, the error caused by UE specific TA will be covered in the test. Therefore, we propose to keep UE specific TA unchanged during TA adjustment accuracy requirement test.
Proposal 18: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
3. Conclusion
In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: If UE periodic reporting of UE specific TA pre-compensation information is supported, then the lower bound of UE specific TA estimation update frequency can be equal to the frequency of UE specific TA pre-compensation information reporting.
Proposal 2: Do not specify UE behavior on UE specific TA updating before applying TA adjustment.
Proposal 3: Do not specify the requirements when the ephemeris information is invalid or expired at UE side.
Proposal 4: Do not define the requirements for NTA,common and NTA,UE-specific+NTA,common.
Proposal 5: 
· Te_GNSS=2*E_GNSS-positioning accuracy/c, E_GNSS-positioning accuracy is the positioning error introduced by GNSS accuracy.
· Te_SAT=2*E_ serving-satellite position estimation/c, E_serving-satellite position estimation is the calculation error introduced by serving-satellite position estimation.
Proposal 6: The equation of Te_NTN will not be included in the specification.
Proposal 7: Te_SAT is the error from calculation model used by UE side 
Proposal 8: the max tolerance for Te_NTN is 0.5*CP - Delay_spread - error of NTA-common - TA adjustment error
Proposal 9: we propose the initial transmit timing error as
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	23*64*Tc

	
	
	30
	21*64*Tc

	
	30
	15
	19*64*Tc

	
	
	30
	19*64*Tc


Proposal 10: Whether 60kHz UL SCS can be used for NTN should be re-considered.
Proposal 11: the clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
Proposal 12: Change the definition of reference timing to (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc, and the clarification on NTA,UE-specific in reference timing definition is needed, which should be ideal service link delay.
Proposal 13: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
Proposal 14: The maximum delay variation should be considered in gradual timing adjustment requirement in NTN.
Proposal 15: Feeder link time drift should be considered in the gradual timing adjustment requirement in NTN.
Proposal 16: The gradual timing adjustment requirement should consider combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 17: For LEO topology,
· The minimum aggregate adjustment rate shall be Tp_NTN=25.5*64*Tc per 100ms
· The maximum aggregate adjustment rate shall be Tq_NTN=25.5*64*Tc per 20 ms.
Proposal 18: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
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