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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
Granularity and signalling of Common TA
In RAN1#105_e, the following agreement 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 update in RRC_CONNECTED state
In RAN1#106, the following agreement on TA update in RRC_CONNECTED state had been achieved [2].
	Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

· When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,
Where, TA is the TAC field receivd in MAC CE  command


Furthermore, the following FL Recommendation had been made in [3].
	FL Recommendation:  
For next RAN1 meeting: Companies are encouraged to provide more inputs on:
· The update/maintenance of  NTA,UE-specific and NTA,common  
· And provide details on the combination of open and closed loop TA control


Regarding of the formula to be used for UE-specific TA, it is reasonable to leave it as an UE implementation. There is no needs to introduce additional description for DL and UL, separately. NTA,common is updated autonomously by the UE based on the parameters acquired from SIB. When SIB has not signaled, the NTA,common =0. The formula to be used for Common TA is based indication of common TA drift parameters.
Proposal 2: The calculation of UE-specific TA is up to UE implementation.

TA margin
In RAN1#106_e, the following agreement on TA margin had been achieved [2].
	Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered and it is explicitly indicated to the UE
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Option 3: TA margin can be considered and it is included within the Common TA
· Option 4: UE handles it via implementation


During the first acquisition of its UE-specific TA, the UE can either underestimate or overestimate the TA. In case of overestimation, the PRACH preamble will be received at gNB side in advance w.r.t. the PRACH occasion leading to unwanted interference with previous slot or PRACH occasion. If initial TA does not include a margin for maximum TA estimation error, a bipolar TA command is needed in msg2. We support TA-margin is covered by the common TA value and there is no need to enhance TA command in msg2/msgB (i.e support negative TA adjusting in RAR).
Proposal 3: TA margin can be considered and it is included within the Common TA.

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 frequency pre-compensation offset on DL service link
In RAN1#105e, the following FL recommendation is made [4].
	FL recommendation 11:
Companies are encouraged to study the pro and cons of support of  Common DL frequency compensation for the service link Doppler. By taking into account the impact on the UE, gNB and the signalling overhead especially in case of  the Earth fixed cell.
· Is support of  Common DL frequency compensation for the service link Doppler beneficial and needed?
· Companies are encouraged to provide simulations on the benefits of support of  Common DL frequency compensation for the service link Doppler:
Note: the performance evaluation on the DL synchronization performance is conducted during the SI. The corresponding results are summarized in [R1-1909479]. But it seems that they do not clearly show the necessity  of support of  Common DL frequency compensation for the service link Doppler
· What would be the reasonable Way forward?
· WF1: Similar to Earth moving cell, the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 

Note: In this case , the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds. Which make this is WF questionable.

· WF 2:  Indicate the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB. 

Note: The UE will assume that the pre-compensation changes continuously with time. Thereby,  the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.

· WF3: deprioritize support of DL frequency compensation for the service link Doppler in Release 17.


In R16 SI, the performance evaluation on the DL synchronization performance is conducted. It is observed that for DL initial synchronization, robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam center at network side, respectively. However, for the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve robust DL initial synchronization performance based on Rel-15 SSB. No further enhancement on the SSB is needed.
In our view, DL frequency compensation for the service link Doppler is beneficial to prevent the UEs from having to deal with a very large frequency offset in DL, which would add complexity to the DL synchronization and potentially delay the initial access procedure. If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
 Proposal 4: The amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 

Close control loop for UL frequency alignment
In RAN1#106e, the following proposal had been made [3].
	Updated Proposal 11
Conclusion:
Closed-loop UL frequency compensation is not supported in NTN Release.17


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 5: Close control loop for UL frequency alignment is not needed.

[bookmark: OLE_LINK31][bookmark: OLE_LINK32]NTN UE Time Alignment Timers
In RAN1#106_e, the following agreement on NTN UE Time Alignment Timers had been achieved [2].
	Agreement:
· 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.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.


For NTN UE, the UL synchronization accuracy depends on the synchronization error introduced at both feeder link and service link. For the synchronization error of feeder link, it mainly depends on the accuracy of the common TA and the feeder link timing drift. For the synchronization error of serving link, it mainly depends on the accuracy of satellite ephemeris and the propagator model used by the UE. Indication of valid duration for common TA parameters and ephemeris data is a tradeoff between accuracy and UE’s complexity for SIB monitoring. This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information. The UE assumes that it has lost uplink synchronization if the timer expires. Considering that the validity time for UL synchronization in the feeder link may be different from the validity time for UL synchronization in the service link, separate validity duration for satellite ephemeris data and Common TA need to be supported.
Proposal 6: The validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
Proposal 7: Separate validity duration for satellite ephemeris data and Common TA need to be supported.

Serving satellite ephemeris Epoch time
In RAN1#106_e, the following agreement on serving satellite ephemeris Epoch time had been achieved [2].
	Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network


In our view, epoch time should be implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast. Furthermore, the reference point for epoch time is satellite. The UE can determine the epoch time based on satellite ephemeris.
Proposal 8: Epoch time should be implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast.

Conclusion
As summary, we have the following proposals.
Proposal 1: NTA, common should be expressed in the legacy granularity of Tc units.
Proposal 2: The calculation of UE-specific TA is up to UE implementation.
Proposal 3: TA margin can be considered and it is included within the Common TA.
Proposal 4: The amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 
Proposal 5: Close control loop for UL frequency alignment is not needed.
Proposal 6: The validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
Proposal 7: Separate validity duration for satellite ephemeris data and Common TA need to be supported.
[bookmark: _GoBack]Proposal 8: Epoch time should be implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast.
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