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1. Introduction
In RAN1 #103 e-Meeting [1], the following agreements regarding the uplink time and frequency synchronization were made：
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

Agreement:
In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
 is specified in TS 38.211 section 4.1. 
Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.

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.


[bookmark: _Hlk61360089]In this contribution, we further discuss common timing offset, common timing drift rate, and common frequency offset.
2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]The indication of common timing offset
In NR, when uplink scheduling request occurs, network schedules resource for uplink data based on current TA information. Then, UE sends uplink data in advance according to current TA information informed by network. 
Specifically, in initial access, UE firstly sends random access preamble to network, then network calculates TA information, and informs UE the TA information through timing advance command included in RAR.
In NTN, satellite is used as a relay between gNB and UE, in consideration of the transparent payload. TA information from gNB to UE is computed based on the sum of two distinct parts: TA information corresponds to service link RTD and TA information corresponds to feeder link RTD. 
[bookmark: _Hlk61787698]According to the agreements of RAN1 #103 e-Meeting, UE is responsible for TA calculation of service link based at least on its GNSS-acquired position and serving satellite ephemeris. While TA information of feeder link is maintained by network. Before Msg1/MsgA transmission, network can broadcast common timing offset value through DL signaling, e.g., SIB or MIB. The indication of common timing offset value can be explicit, e.g., indicating quantified offset value, or implicit, e.g., re-interpreting existing information in SIB or MIB to indicate the offset value. Then UE can derive TA information of feeder link from the common timing offset value. Afterwards, UE can obtain the full TA information, and send Msg3/MsgB in advance.
[bookmark: _Hlk61876761]Proposal 1: The indication of common timing offset value through DL signaling, e.g., SIB or MIB should be supported.
3. Discussion TA update
Due to the movement of satellite, the present of handover, or uplink scheduling request, TA information of service link and feeder link may be out of date and should be updated. Without TA information update, UL will be out of synchronization, which could result in that network cannot receive the uplink data, leading to the loss of uplink performance. Hence, for better performance, TA information should be updated to guarantee the availability of UL time synchronization if necessary. 
Observation 1: TA information may be out of date, resulting in the loss of UL performance.
[bookmark: _Hlk61900819]Proposal 2: The update of TA information should be considered to guarantee the availability of UL time synchronization. 
If TA information needs to be updated, network could send a TA update indication to informing UE of performing TA information update of service link. From network perspective, common timing offset value could be updated. Network broadcasts the newly common timing offset to UE. For UE, TA information of service link should be updated after receiving the indication of TA update. Afterwards, TA information of service link should be reported to network. 
Then, UE can drive TA information of feeder link based on the received common timing offset value. Network can obtain TA information of service link from UE. After that, both network and UE can get full TA information, and UL synchronization or subsequent scheduling can be preformed based on full TA information.
Proposal 3: The mechanism of TA update should be further studied.
4. [bookmark: _Hlk61355972]Discussion common timing drift rate
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the agreements of RAN1 #103 e-Meeting, common timing drift rate was discussed. From our point of view, though common timing offset value can be calculated by UE itself based on common timing drift rate, there are some issues of common timing drift rate which need more study. 
First of all, common timing drift rate is not constant. For instance, when handover occurs, common timing drift rate needs to be updated, and again broadcast to UE by network, resulting in additional signaling overhead. Secondly, based on the same common timing drift rate known by both network and UE, the time when network and UE use the updated common timing offset needs to be further considered. Unaligned time of common timing offset update will have impact on the order of scheduling. 
Proposal 4: Whether to broadcast a common timing drift rate and how to use the common timing drift rate need further study.
5. The compensation of common frequency offset
During the last e-meeting, the reference point for frequency was discussed, and three options for regarding the reference point definition were listed as follows:
Option 1: The reference point for frequency in an NTN is located at the satellite.
Option 2: The reference point for frequency in an NTN is located at the gNB.
Option 3: The reference point for frequency in an NTN is under control of the network.
[bookmark: _Hlk61875223]In all three options mentioned above, UE is responsible for determining the frequency offset of service link. While for option1, common frequency offset is equal to zero, which does not need to be signaled to UE. For option2, network shall manage common frequency offset. For cases that pre-compensation or post-compensation by network, common frequency offset does not need to be signaled to UE. However, network needs to inform UE of common frequency offset if pre-compensation by UE. Then UE can derive frequency offset of feeder link from common frequency offset broadcasted by network. In term of signaling indication overhead of common frequency offset, it is more preferable that common frequency offset is compensated by network. For option3, whether to inform UE of common frequency offset is up to network implementation. 
[bookmark: _Hlk61876717]Observation 2: The compensation of common frequency offset is related to the reference point for frequency.
Proposal 5: Decide reference point for frequency before discussing the compensation of common frequency offset.
6. Conclusion
In this contribution, we discussed common timing offset, TA update, common timing drift rate and common frequency offset, and the following observations and proposals are made. 
Observation 1: TA information may be out of date, resulting in the loss of UL performance.
Observation 2: The compensation of common frequency offset is related to the reference point for frequency.
Proposal 1: The indication of common timing offset value through DL signaling, e.g., SIB or MIB should be supported. 
Proposal 2: The update of TA information should be considered to guarantee the availability of UL time synchronization.
Proposal 3: The mechanism of TA update should be further studied.
Proposal 4: Whether to broadcast a common timing drift rate and how to use the common timing drift rate need further study.
Proposal 5: Decide reference point for frequency before discussing the compensation of common frequency offset.
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