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Introduction
During the Rel-16 SI phase, a couple of agreements have been achieved to enhance the uplink timing and frequency synchronization for NTN scenarios. The technical issues and potential solutions, covering both GNSS UE and non-GNSS UE, are summarized in TR 38.821. The solutions are identified as follows
For the timing advance (TA) in the initial access and the subsequent TA maintenance 
Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris. 
Option 2: Timing advanced adjustment based on network indication
For the UL frequency compensation
Option 1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
Option 2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble.

In this contribution, we discuss our views on the enhancement of the uplink timing and frequency synchronization for NTN scenarios.

UL timing synchronization for NTN
NTN UE Timing Advance formula
In RAN1#104b_e, the follow proposal on NTN UE Timing Advance formula had been achieved [1].
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   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.
·   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.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  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:  is the common timing offset X as agreed in RAN1 #103-e.


In one cell, different SCS may be supported simultaneously. A large SCS will result in a short CP. In the case of large SCS, UE is more sensitive to changes in TA. Therefore, large granularity is not preferred in the expression of   , when the SCS is large. In our view,  should be expressed in the legacy granularity of Tc units.
Proposal 1:  should be expressed in the legacy granularity of Tc units.

TA command in RAR
In RAN1#103e, the following working assumption on TA command in RAR is made [2].
	Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.


In our view, with the self-calculated TA in NTN, the initial Timing Advance Command range in msg2 shall not be extended. Furthermore, with a margin for maximum TA estimation error, the bipolar TA command is not needed in msg2 (i.e. only positive values of TA command are necessary).
Proposal 2: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

TA Maintenance procedure
In RAN1#104, the following agreement on TA update in RRC_CONNECTED state had been achieved [3].
	Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
· FFS: Details of the combination of open and closed loop TA control


For open loop method, NR NTN UE can use an acquired GNSS position and satellite ephemeris to calculate the UE specific TA for service link and apply the calculated values accordingly in RRC_CONNECTED states. For closed loop method, the same mechanism as existing specs shall be used, i.e., TAC provided in mgs2 and subsequent TACs provided within the MAC CE. If UE can obtain accurate TA based on GNSS capability and satellite ephemeris automatically, TA maintenance can be relying on open-loop method only. Otherwise, closed loop method can be considered to help UE to obtain accurate TA, i.e., received TA commands. 
Proposal 3: Existing NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change.
Regarding whether to support negative TA Command in RAR, our view is that there is no need to support negative TA Command in RAR when TA margin is considered to ensure that the preamble will not arrived in advance. 
Proposal 4: Negative TA Command in RAR is not needed when TA margin is considered.

UL Frequency adjustment for UE in RRC connected mode
For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side in R16 SI:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
· Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble.

Common Doppler shift pre/post compensation on the feeder link
In RAN1#103e, the following agreement on UL frequency compensation had been achieved.
	Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.


In our view, for GNSS UE, both the estimation and UE-specific UL frequency compensation is conducted at the UE side and UE-specific frequency correction signaling can be avoided. If the reference point for frequency in an NTN is located at the satellite, the feeder link Doppler shift and transponder frequency error can be compensated by gNB and UE does not need to handle common Doppler shift / Doppler shift variation over the feeder link and any transponder frequency error. 
Proposal 5: The gateway and satellite-payload compensate common Doppler shift / Doppler shift variation over the feeder link and any transponder frequency error in a transparent way to the UE and gNB.
According to the above analysis, there is no need to signal the common Doppler shift and Doppler drift rate due to feeder link and also the transponder frequency error.
Proposal 6: Indication of common compensation frequency offset for uplink is not supported.

Close control loop for UL frequency alignment
For GNSS UE, both the estimation and UE-specific UL frequency compensation is conducted at the UE side, the accuracy of estimated frequency offset for UL frequency adjustment can be ensured. In our view, close control loop for UL frequency alignment is not needed.
Proposal 7: Close control loop for UL frequency alignment is not needed.

Conclusion
As summary, we have the following proposals.
Proposal 1: NTA, common should be expressed in the legacy granularity of Tc units.
Proposal 2: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 3: Existing NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change.
Proposal 4: Negative TA Command in RAR is not needed when TA margin is considered.
Proposal 5: The gateway and satellite-payload compensate common Doppler shift / Doppler shift variation over the feeder link and any transponder frequency error in a transparent way to the UE and gNB.
Proposal 6: Indication of common compensation frequency offset for uplink is not supported.
Proposal 7: Close control loop for UL frequency alignment is not needed.
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