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1. Introduction
In RAN4#99e meeting, a way forward on timing requirements for NR NTN was approved [1]. The issues related timing requirements have not been achieved agreement while they have multiple options. This document will discuss these issues further and present our understanding and proposals.

2. Discussion
The NTN UE transmit timing advance has been defined in RAN1#104bis meeting as following:
The TA applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
TTA = (NTA + NTA,UE-specific + NTA,Common + NTA_offset)×Tc
Where:
· NTA is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
· NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay.
· NTA,Common is network-controlled common TA, and may include any timing offset considered necessary by the network.
· NTA,Common  with value of 0 is supported. 
· FFS:  details of signaling including granularity.
· NTA_offset is a fixed offset used to calculate the timing advance. 
Note-1: Definition of NTA is different from that in RAN1#103-e agreement.
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3: NTA,Common is the common timing offset X as agreed in RAN1 #103-e.
……
Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.

Agreements in RAN1#105 meeting:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

Based on the RAN1 agreements and our understanding, the FFS issues in the WF [1] are discussed one by one and give our proposals as following:
1.  UE specific TA estimation error
1-1). Whether to define a separate accuracy requirement for UE specific TA estimation?
The UE specific TA estimation is calculated from GNSS positioning and accuracy of ephemeris data. The accuracy requirement is basically the accuracy of GNSS, and is out of 3GPP RAN4 work. On the other hand, RAN4 will define requirements for NTN UE transmit timing, and the UE specific TA estimation performance will be included in this requirements. So we think it doesn’t need to define a separate accuracy requirement for UE specific TA estimation.
Proposal 1: Don’t define a separate accuracy requirement for UE specific TA estimation.

1-2). Whether to define the update rate for UE specific TA estimation ?
The update rate of UE specific TA estimation should depend on UE implementation. It is used for UE transmit timing. UE will meet the defined requirements for NTN UE transmit timing based on accuracy of UE specific TA estimation and other factors.
Proposal 2: Don’t define the update rate for UE specific TA estimation.

1-3). Whether to define UE behaviour related to UE specific TA estimation ?
From RAN1 agreement, the UE specific TA is clearly defined as UE self-estimated TA to pre-compensate for the service link delay. So RAN4 doesn’t need to define UE behavior related to UE specific TA estimation.
Proposal 3: Don’t define UE behaviour related to UE specific TA estimation in RAN4 specification.

1-4). Whether to define a separate accuracy requirement for self-estimated TA common () ?
From RAN1 agreement, the NTA,Common is network-controlled common TA, and may include any timing offset considered necessary by the network. It is not UE estimated TA, but is network-controlled common TA. From UE point view, it is only a TA value in IE sent from network included in UE transmit timing advance. RAN4 doesn’t need to defined a separate accuracy requirement for self-estimated TA common () in RRM specification.
Proposal 4: Don’t define a separate accuracy requirement for self-estimated TA common (NTA, common). 

1-5). Whether to define a separate accuracy requirement for the combination of  NTA,UE-specific + NTA,common ?
Proposal 5: Don’t define a separate accuracy requirement for the combination of  NTA,UE-specific + NTA,common.

2.  UE initial transmit timing requirements
2-1). The composites should be considered for initial transmit timing requirement in NTN (Te_NTN)
Initial transmit timing requirement is intend to limit transmit timing error produced by UE. Because NTA, NTA,Common, NTA_offset are only numerical values, it will not introduce error. The error is produced by current UE transmit timing error in NR requirement  and NTA,UE-specific. The error of NTA,UE-specific comes from GNSS position error, and error calculated by extrapolation from last ephemeris data and GNSS position. So we think the composites should be considered for initial transmit timing requirement in NTN include current UE transmit timing error in NR requirement, GNSS position error, and error calculated by extrapolation from last ephemeris data and GNSS position.
Proposal 6: The composites for initial transmit timing requirement in NTN include current UE transmit timing error in NR requirement, GNSS position error, and error calculated by extrapolation from last ephemeris data and GNSS position.

2-2). GNSS position error assumption for Te_NTN
As discussed and proposed in our other document [2], it is proposed that nominal accuracy of GNSS, i.e. 30m, is adopted for defining NTN RRM requirements.
Proposal 7: GNSS position error assumption for Te_NTN can adopt nominal accuracy of GNSS defind in 38.171, i.e. 30m.

2-3). Whether to define general GNSS positioning accuracy requirements?
We think the GNSS positioning accuracy requirements is out of 3GPP RAN4 work. RAN4 only need specify UE transmit timing requirements based on assumption of GNSS positioning accuracy.
Proposal 8: Don’t define general GNSS positioning accuracy requirements in RRM specificaiton.

2-4). FFS the reference timing for UE initial transmission
As defined UE transmit timing requirements, the reference timing for UE initial transmission is defined as UE received DL timing (may be clarified first detectable path).
Proposal 9: The reference timing for UE initial transmission is defined same as in TN requirement.

3.  Gradual timing adjustment requirements
3-1). Gradual timing adjustment requirements for NTN network.
We think the gradual timing adjustment requirements are used to sepecfy UE behavior to ensure it transmit TA when no NTA command received with DL timing changed due to reflector change by earth building or other factors that UE doesn’t know, and to let network control UE transmit timing advance by estimating new TA command NTA. In NTN system, UE will estimate NTA,UE-specific and do TA pre-compensation constantly during transmission. NTA,UE-specific is not controlled by network. The change of distance between UE and satellite, i.e. change of NTA,UE-specific, should not be included in gradual timing adjustment. The gradual timing adjustment should be used similarly as TN system. TN gradual timing adjustment requirements can be reused for NTN network.
Proposal 10: TN gradual timing adjustment requirements can be reused for NTN network.

3-2). Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
As above analysis, adjustment of NTA,UE-specific will be different for different NTN topologies e.g. GEO, MEO, LEO. But as mentioned above, the gradual timing adustment requirements are not for adjusment of NTA,UE-specific. The objective of gradual timing adjustment is same for different NTN topologies. So following proposal is present:
Proposal 11: Define same gradual timing adjustment requirements for different NTN topologies.

3-3). The assumptions will be used to define gradual timing adjustment requirements for NTN network
As above analysis, UE specific TA change is estimated and added in UE transmit timing advance by UE-self. It is not controlled by network. UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately. The UE performs gradual timing adjustment which should be based on combining downlink reception timing drifting and UE specific TA change. If UE transmit timing is changed equal to half of UE specific TA chang, the gradual timing adjustment is not needed.
Proposal 12: The gradual timing adjustment is used for residual part timing change after UE specific TA chang, i.e. If UE transmit timing change equals to half of UE specific TA chang, the gradual timing adjustment is not needed.

3-4). Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
Considering UE transmit timing adjustment by UE specific TA, the maximum delay variation will be smaller than TN system for gradual timing adjustment requirement, i.e. the delay variation bringed by UE and satellite position change (e.g. about aout 93ns (27.78m) /s for 100km/h TN UE) will not be included . The gradual timing adjustment requirement of TN can be applied for NTN.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 13: The maximum delay variation should not be considered in the gradual timing adjustment requirement in NTN.

3-5). FFS the direction of timing adjustment for NTN UE pre-compensation
As above discussion, UE specific TA is used to pre-compensate for the service link delay. The UE transmit timing advance is always set by:
TTA = (NTA + NTA,UE-specific + NTA,Common + NTA_offset)×Tc
No direction of timing adjustment for NTN UE pre-compensation should be considered.
Proposal 14: No direction of timing adjustment for NTN UE pre-compensation should be considered.

4.  TA adjustment accuracy requirement
4-1). Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement? 
We think the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement. It should be noted that satellite position estimation error should only calculated by extrapolation from last ephemeris data. The ephemeris data error should not be accounted for TA adjustment accuracy requirement.
Proposal 15: the UE position and extrapolation satellite position estimation error should be accounted for TA adjustment accuracy requirement.

4-2). TA adjustment accuracy requirement in RRC_CONNECTED mode
Proposal 16: 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, otherwis plus delay error related with nominal accuracy of GNSS, i.e. 30m.

4-3). FFS UE behaviour before applying timing advance adjustment for its uplink transmission
4-4). FFS the TA adjustment accuracy impact due to the open loop and closed loop TA adjustment.
The UE behaviour for timing advance adjustment shoud be as following (NTA,Common + NTA_offset are not changed):
T1:  Downlink reception timing is TDL1;  Timing advance signaled is TTA1 = NTA1×Tc;  UE specific TA is TTA, UE-specific1 = NTA,UE-specific1×Tc;  The UE transming timing is Ttiming1
T2: 	Downlink reception timing is TDL2;  Timing advance signaled is TTA2 = NTA2×Tc;  UE specific TA is TTA, UE-specific2 = NTA,UE-specific2×Tc
	UE will set it’s transming timing to Ttiming2 = Ttiming1+ (TTA2 – TTA1) + (TTA, UE-specific2 – TTA, UE-specific1) / 2
	If Ttiming2 ≠ TDL2 + (NTA2 + NTA,UE-specific2 + NTA,Common + NTA_offset)×Tc
		UE will use rule of gradual timing adjustment to adjust transmit timing.
Proposal 17: The UE behaviour for timing advance adjustment should be as above.
Proposal 18: The TA adjustment accuracy impact due to the open loop and closed loop TA adjustment is as proposal 16.

3. Conclusion
This document discussed the topic of timing requirements and presented our proposals as below:
Proposal 1: Don’t define a separate accuracy requirement for UE specific TA estimation.
Proposal 2: Don’t define the update rate for UE specific TA estimation.
Proposal 3: Don’t define UE behaviour related to UE specific TA estimation in RAN4 specification.
Proposal 4: Don’t define a separate accuracy requirement for self-estimated TA common (NTA, common). 
Proposal 5: Don’t define a separate accuracy requirement for the combination of  NTA,UE-specific + NTA,common.
Proposal 6: The composites for initial transmit timing requirement in NTN include current UE transmit timing error in NR requirement, GNSS position error, and error calculated by extrapolation from last ephemeris data and GNSS position.
Proposal 7: GNSS position error assumption for Te_NTN can adopt nominal accuracy of GNSS defind in 38.171, i.e. 30m.
Proposal 8: Don’t define general GNSS positioning accuracy requirements in RRM specificaiton.
Proposal 9: The reference timing for UE initial transmission is defined same as in TN requirement.
Proposal 10: TN gradual timing adjustment requirements can be reused for NTN network.
Proposal 11: Define same gradual timing adjustment requirements for different NTN topologies.
Proposal 12: The gradual timing adjustment is used for residual part timing change after UE specific TA chang, i.e. If UE transmit timing change equals to half of UE specific TA chang, the gradual timing adjustment is not needed.
Proposal 13: The maximum delay variation should not be considered in the gradual timing adjustment requirement in NTN.
Proposal 14: No direction of timing adjustment for NTN UE pre-compensation should be considered.
Proposal 15: the UE position and extrapolation satellite position estimation error should be accounted for TA adjustment accuracy requirement.
Proposal 16: 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, otherwis plus delay error related with nominal accuracy of GNSS, i.e. 30m.
Proposal 17: The UE behaviour for timing advance adjustment should be as following:
T1: Downlink reception timing is TDL1;  Timing advance signaled is TTA1 = NTA1×Tc;  UE specific TA is TTA, UE-specific1 = NTA,UE-specific1×Tc;  The UE transming timing is Ttiming1
T2: Downlink reception timing is TDL2;  Timing advance signaled is TTA2 = NTA2×Tc;  UE specific TA is TTA, UE-specific2 = NTA,UE-specific2×Tc
	UE will set it’s transming timing to Ttiming2 = Ttiming1+ (TTA2 – TTA1) + (TTA, UE-specific2 – TTA, UE-specific1) / 2
	If Ttiming2 ≠ TDL2 + (NTA2 + NTA,UE-specific2 + NTA,Common + NTA_offset)×Tc
		UE will use rule of gradual timing adjustment to adjust transmit timing.
Proposal 18: The TA adjustment accuracy impact due to the open loop and closed loop TA adjustment is as proposal 16.
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