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

[bookmark: _GoBack]Clarification on UE capability
In RAN1#102e, it was agreed to at least support NTN UE can derive its position and a reference time/frequency based on its GNSS implementation in Rel-17 NR NTN [1].
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network



In RAN1#102e, the following recommendation still stands. If it is identified that such scenarios shall be addressed as part of this WI then the support of NTN UEs w/o time and frequency pre-compensation capabilities can be further discussed.
	FL recommendation: RAN1 to identify scenarios where GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization based on their GNSS capabilities together with additional information signaled by the network.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In our view, the WI should prioritize GNSS-equipped UEs with capability to perform timing and frequency pre-compensation. However, there may be potential scenarios where GNSS capability cannot used for timing and frequency pre-compensation as following,
· Indoor scenario
· In-accurate GNSS information.
RAN1 may need to define some solutions with forward compatibility for above scenarios where GNSS capability cannot used for timing and frequency pre-compensation. Other scenarios where GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization based on their GNSS capabilities together with additional information signaled by the network should be further identified in RAN1.
Proposal 1: GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization should be deprioritized in this WI.

UL timing synchronization for NTN
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Reference point for autonomous acquisition of the TA at UE
In RAN1#102e, it have identified the following 3 options regarding the RP (Reference point) definition:
· Option1: The RP is located at the gNB.
· Option2: The RP is located at the satellite.
· Option3: The RP localization is not specified and left to the implementation.
For option1, the UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications (e.g. satellite ephemeris or time stamp). In this case, the Common TA corresponds to the RTD experienced between the RP and the satellite need to be indicated by the network. 
For option2, the UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications (e.g. satellite ephemeris or time stamp). In this case, the Common TA which corresponds to the RTD experienced between the RP and the satellite does not need to be indicated to the UE.
For option3, the RP localization is not specified and left to the implementation. The initial TA acquisition is computed as the sum of two distinct contributions:
· The UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications.
· The common TA which is indicated by the network. It corresponds to the RTD experienced between the RP and the satellite.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In our view, the TA change caused by the feeder link can be compensated by the network, and the network does not need to broadcast the common TA corresponds to the RTD experienced between the RP and the satellite, otherwise it will cause a serious signaling overhead problem. Therefore, the RP is located at the satellite should be supported.
Proposal 2: Reference point for autonomous acquisition of the TA at UE is located at the satellite.

GNSS-assisted TA acquisition in RRC idle/inactive mode
In RAN1#102e, it identified the principles to be assumed by the UE to calculate its TA in case of GNSS-assisted acquisition before PRACH transmission.
	Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)


As mentioned above, the TA change caused by the feeder link can be compensated by the network, and the network does not need to broadcast the common TA corresponds to the RTD experienced between the RP and the satellite, otherwise it will cause a serious signaling overhead problem. In our view, the UE specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network, i.e., Option1. UE does not need to compensate for TA changes caused by feeder link.
Proposal 3: The UE specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network.

TA Maintenance procedure
In RAN1#102e, the following FL recommendations are made:
	FL recommendation: RAN1 to further investigate the following enhancement on the maintenance phase of the timing advance:
· Enable autonomous TA update at UE side, taking into account:
· Common TA drift rate 
· Details on Common TA drift rate indication are FFS
· Self-estimated UE specific TA drift rate
· Details on UE specific TA drift rate derivation are FFS


In our view, the common TA drift and UE specific TA drift refer to the drift from the feeder link and service link respectively, if reference point for autonomous acquisition of the TA at UE is located at the satellite. 
For common TA drift, the common TA drift rate need to be indicated by network in the maintenance phase of the timing advance. Due to the rapid changes of feeder link RTD, it will bring serious signaling overhead to update the common TA drift rate. In our view, for common TA drift, gNB can maintain the timing change of feeder link and UE no need to maintain the timing change of common TA.
For UE specific TA drift, self-estimated UE specific TA drift rate can be considered for maintain the timing change of service link.
Proposal 4: Self-estimated UE specific TA drift rate should be supported for TA Maintenance procedure.

UL frequency synchronization for NTN
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 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. 
In RAN1#102e, the following FL recommendations are made:
	FL recommendation: RAN1 to further discuss:
· Whether indication of the pre-compensated Common Frequency Offset on DL transmissions is needed or can be transparent to the UE
· Whether in case of Common Frequency Offset pre-compensation on DL transmissions by the gNB, the gNB shall performed post-compensation on UL transmissions.


For the first bullet, in DL doppler frequency shift pre-compensation, it can be transparent to UE. UE can estimate the frequency offset based on DL signal. In our view, there is no benefit to indicate the pre-compensated common frequency offset on DL transmissions. Furthermore, based on some implementations, the value of the pre-compensated common frequency offset on DL transmissions can be adjusted by gNB. Therefore, indication of the pre-compensated common frequency offset on DL transmissions will bring some signaling overhead.
For the second bullet, if gNB performed post-compensation on UL transmissions, there is a need to indicate this post-compensated frequency shift value to the UE. Otherwise, the UE may over-compensate Doppler frequency shift on UL transmission, which may cause confusion. In our view, we should first clarify whether both pre and post compensation are needed at the same time.
Proposal 5: Indication of the pre-compensated Common Frequency Offset on DL transmissions is not needed.

Conclusion
As summary, we have the following proposals.
Proposal 1: GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization should be deprioritized in this WI.
Proposal 2: Reference point for autonomous acquisition of the TA at UE is located at the satellite.
Proposal 3: The UE specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network.
Proposal 4: Self-estimated UE specific TA drift rate should be supported for TA Maintenance procedure.
Proposal 5: Indication of the pre-compensated Common Frequency Offset on DL transmissions is not needed.
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