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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
The reference time of common TA parameters
In RAN1#106b, it was agreed that common TA epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame and whether this starting time is given by predefined rule or it is indicated by the Network is FSS [1].
	Agreement:
Common TA 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
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.


Satellite Ephemeris data and Common TA related parameters are sent within the same SIB/SI. The epoch time of serving satellite ephemeris can be used as reference time for Common TA parameters. In our view, similar as satellite ephemeris data, epoch time of the common TA should be implicitly known as a reference time linked to DL slot where the SIB carrying common TA parameters is broadcast. We prefer that the common TA parameters epoch time is set to be the end of SI window of SI message carrying common TA parameters.
Proposal 1: The common TA epoch time is set to be the end of SI window of SI message carrying Common TA parameters.
Furthermore, the following proposal on common TA parameters epoch time had been discussed in RAN1#106b [2]
	Updated Proposal 3-2:
The reference point for epoch time of the Common TA parameters should be known by UE.
FFS: Whether it is satellite or the NTN-GW


In our view, the reference point for epoch time of the common TA parameters should be known by UE and the reference point for epoch time is satellite. The UE can determine the epoch time based on satellite ephemeris.
Proposal 2: The reference point for epoch time of the common TA parameters should be known by UE and the reference point for epoch time is satellite.

TA update in RRC_CONNECTED state

· NTA update/accumulation
In RAN1#106, the following agreement on TA update in RRC_CONNECTED state had been achieved [3].
	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


For NTA update based on TA Command field in msg2/msgB, the NTA_old can be removed from equation since it should be 0. Therefore, when TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 
Proposal 3: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 

· Combination of open and closed loop TA control
In RAN1#106b, the following solutions to avoid the TA jump caused by double correction has been discussed.
	· Solution 1:: 
· UE subtracts the difference between new value and old value NTA_UE-specific,new from the accumulative closed loop TA 
·   –( NTA_UE-specific,new – NTA_UE-specific,old)
· UE subtracts the difference between common TA derived based on new parameters NTA,Common,new  and the value based on old parameters NTA,Common,old  from the accumulative closed loop TA  ().
·   –( NTA,Common,new  - NTA,Common,old )
· Solution 2:  
· Cap max adjustment: 
· if |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1
· |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2
· minimum aggregate adjustement rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds
· FFS the values of x1, x2, x3, x4, T1 and T2.
Where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location,
· Solution 3: 
· Introduce two states of operation for the closed-loop, one absolute, where the TA command is applied in absolute values regardless of UE procedures (similar to RACH procedure) and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
· Solution 4: 
· Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N
· Solution 5: 
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· Solution 6: 
· How closed-loop TA is determined when NTA,UE-specific  or NTA,common are autonomously updated in RRC Connected state can be up to UE implementation as long as the UL synchronization requirement is fulfilled


Regarding of combination of open and closed loop TA control, we support that the UE will implement a solution that meets the RAN4 transmit timing requirements for NR NTN using UE-specific TA, closed-loop TA and common TA.
Proposal 4: It is up to UE implementation how closed-loop TA is adjusted when NTA,UE-specific  or NTA,common are updated in RRC connected state.

· UE-specific and Common TA determination
In RAN1#106b, the following proposal has been discussed [2].
	Updated Proposal 5-3 (rev 2):
-        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.
-        NTA,common is updated autonomously by the UE based on the Common TA parameters indicated by the Network 
  FFS: How the UE calculates/updates the NTA,common


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, which can also be up to UE implementation.
Proposal 5: The calculation of UE-specific TA is up to UE implementation.

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#106be, the following FL recommendation is made [2].
	FL Recommendation: 
On issue#8: Companies are encouraged to read each other views expressed within different contributions and during different round of discussions during last RAN1 meetings.
In next RAN1 meeting, companies are encouraged to discuss/propose what would be the reasonable way forward: 
· Option 1: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
· Option 2: Common DL frequency compensation for the service link Doppler shift is supported:
· Proponents are encouraged to provide more details on the signaling of the amount of compensated frequency (amount of indicated compensated frequency, granularity, indication periodicity...etc )  if DL common frequency compensation is applied by the network:
· For Earth moving cell/beam
· For Earth fixed cell/beam


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, common 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. But, considering the limited time in R17, we agree to deprioritize support of common DL frequency compensation for the service link Doppler shift in Rel-17.
Proposal 6: Deprioritize support of Common DL frequency compensation for the service link Doppler shift in R17. 

Close control loop for UL frequency alignment
In RAN1#106e, the following proposal had been made in [4].
	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 7: Closed-loop UL frequency compensation is not supported in NTN Release.17.

Serving satellite ephemeris Epoch time
In RAN1#106b_e, the following proposal on serving satellite ephemeris epoch time had been discussed [2].
	Updated Proposal 11-1:
One of following options is to be supported:
       Option 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris.
       N is optionally signaled with the ephemeris (otherwise 0).
       Option 2: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for.
Note: “implicitly known” means that UTC is not provided to define Serving satellite ephemeris Epoch time


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. We prefer that the serving satellite epoch time is set to be the end of SI window of SI message carrying serving satellite parameters.
Proposal 8: The serving satellite epoch time is set to be the end of SI window of SI message carrying serving satellite parameters.
Furthermore, the following proposal on serving satellite ephemeris epoch time had been discussed in RAN1#106b [2]
	Updated Proposal 11-2:
The reference point for epoch time of the serving satellite ephemeris should be known by UE.
FFS: Whether it is satellite or the NTN-GW


In our view, the reference point for epoch time of the serving satellite ephemeris should be known by UE and the reference point for epoch time is satellite. The UE can determine the epoch time based on satellite ephemeris.
Proposal 9: The reference point for epoch time of the serving satellite ephemeris should be known by UE and the reference point for epoch time is satellite.

Conclusion
As summary, we have the following proposals.
Proposal 1: The common TA epoch time is set to be the end of SI window of SI message carrying Common TA parameters.
Proposal 2: The reference point for epoch time of the common TA parameters should be known by UE and the reference point for epoch time is satellite.
Proposal 3: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 
Proposal 4: It is up to UE implementation how closed-loop TA is adjusted when NTA,UE-specific  or NTA,common are updated in RRC connected state.
Proposal 5: The calculation of UE-specific TA is up to UE implementation.
Proposal 6: Deprioritize support of Common DL frequency compensation for the service link Doppler shift in R17.
Proposal 7: Closed-loop UL frequency compensation is not supported in NTN Release.17.
Proposal 8: The serving satellite epoch time is set to be the end of SI window of SI message carrying serving satellite parameters.
Proposal 9: The reference point for epoch time of the serving satellite ephemeris should be known by UE and the reference point for epoch time is satellite.

Reference
[1] [bookmark: OLE_LINK11][bookmark: OLE_LINK12]3GPP RAN1#106b-e Chairman’s Notes, October 11th – 19th, 2021.
[2] R1-2110602, “FL Summary #6 on enhancements on UL time and frequency synchronization for NR NTN”, Moderator (Thales).
[3] 3GPP RAN1#106_e Chairman’s Notes, August 16 - August 27, 2021.
[4] R1-2108587, “FL Summary #7 on enhancements on UL time and frequency synchronization for NR NTN”, Moderator (Thales).

