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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
Indication of common TA (CTA)
In RAN1#104, the follow proposal was achieved [1].
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Updated proposal 1-1: 
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network:


Where:
   and  are defined as in Release-16.
    is UE self-estimated TA 
   is network-controlled common TA, and may include any timing offset considered necessary by the network.
   FFS:  Signaling and the granularity of  
   FFS: When common TA is not indicated
-        Note-1: Definition of  is different from that in   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: This agreement does not preclude aligned DL & UL timing at gNB or unaligned DL & UL timing at gNB with decision up to future discussion if any.
-        Note-4:  is the common timing offset 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.

For the second FFS, the common TA is compensated by the network when common TA is not indicated. Therefore, in our view, the value of common TA defaults to zero when not indicated by the network. There are no other candidate values except 0 when not indicated by the network.
Proposal 2: The value of common TA defaults to zero when not indicated by the network.

TA margin
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.
In RAN1#103e, the following FL recommendation is made [2].
	FL recommendation: 
Regarding the indication of TA margin used to account for TA estimation uncertainty when applying the TA pre-compensation in initial access, companies are encouraged to analyse the pro and cons of the two identified solutions:
· TA margin is indicated in SIB
· TA margin is included within the Common TA. i.e.; Common TA configuration absorbs the maximum TA uncertainty
The value of TA margin will be defined after the definition of  UL time synchronization requirement 


When the RP is located at the satellite, TA margin is included within the common TA can't be achieved. Because the network does not need to broadcast the common TA corresponds to the RTD experienced between the RP and the satellite in this case. Therefore, in our view, TA margin is indicated in SIB should be supported.
[bookmark: OLE_LINK11]Proposal 3: TA margin is indicated in SIB should be supported.

TA command in RAR
In RAN1#103e, the following working assumption on TA command in RAR is made [3].
	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 4: 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 NTN, the radial velocity between the satellite and UE location can reach significant values especially in NGSO scenarios. As a consequence, the propagation delay changes quickly. In case of LEO transparent payload at 600km, the maximum NTN GW-UE delay variation as seen by the UE can be up to +/- 40 µs/sec. In these conditions, the maintenance procedure based on MAC-CE only may become rather challenging because the UE-specific timing adjustment MAC-CE commands must be sent very often leading to critical DL signaling overhead. Autonomous adjustment of the TA before UL transmission by the UE can significantly reduce signalling overhead in connected mode.
In RAN1#104, the following agreement has been achieved [1].
	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. The TA change caused by the feeder link can be compensated by the network. 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.

UL frequency synchronization for NTN

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.
In RAN1#104e, the following FL recommendations are made [4].
	FL recommendation 3-3: 
On the indication of pre-compensation frequency offset on UL, proponents are encouraged to have offline discussions with other companies.


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 the frequency offset between satellite and gNB. In this case, 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 5: Autonomous frequency adjustment based on UE GNSS implementation is enough for UL frequency synchronization.

Conclusion
As summary, we have the following proposals.
Proposal 1: N_(TA,common) should be expressed in the legacy granularity of Tc units.
Proposal 2: The value of common TA defaults to zero when not indicated by the network.
Proposal 3: TA margin is indicated in SIB should be supported.
Proposal 4: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 5: Autonomous frequency adjustment based on UE GNSS implementation is enough for UL frequency synchronization.
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