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Introduction
In last meeting of RAN1#103-e, the following agreements have been reached for UL time synchronization in NTN.
	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:
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:
· 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.

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.
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.




In this contribution, we will give our considerations on the FFS issues about UL time synchronization and put forward the observations and proposals accordingly.
[bookmark: OLE_LINK1]Discussions
Common Timing Offset
The first thing about common timing offset we should clear is its definition. According to the discussion in last meeting, common timing offset is the delay cost by the path from reference point and satellite. However, the determination of reference point has the following three options:1) set gNB as the reference point 2) set the satellite as the reference point 3) the reference is left to the implementation. The main difference between option1) and option2) is that they would lead to different manners of TA pre-compensation at UE side and timing for UL signal detection at gNB side in the scenario of transparent satellites. For option2), the RTD of feeder link would be transparent to UEs at the cost of high UL signal detection complexity at gNB, since the gNB must compensate the time cost of feeder link for UL signal detection as shown in Fig.2. When a gNB is connected to multiple satellites, the complexity is even higher. For option1), the RTD of feeder link is involved in the TA pre-compensation at UE side and the gNB shall indicate the common timing offset to UEs in the system information for initial access, which increases the signal overhead. Mover, in the transparent LEO scenario, the common timing offset shall be updated frequently. Considering the requirement for covering the location of gNB for security reason, option2) might be a better choice than option1). 


FIG. 1 Timing relationship for UL transmission with satellite as the reference point, i.e., common timing offset=0.
Observation1: In the scenario of regenerate satellites, common timing offset is zero and no need for indication. In the scenario of transparent satellites, common timing offset is depending on the location of reference point. 
Proposal1: In the scenario of transparent satellites, setting whether the satellite or the gNB as the referenc point, both options have advantages and disadvantages and shall be supported.

Full TA Pre-compensation
[bookmark: _GoBack]In last meeting, an initial version of TA calculation formula for full TA pre-compensation has been agreed. In our observation, the relationship between the TA calculation formula and common K_offset configured in system information for UL scheduling shall be cleared. The original purpose of the configured K_offset is to make sure that the timing of scheduled UL transmission can meet the requirement of large TA compensation for UL transmission. Generally, the value of configured K_offset adding the extra indicated timing offset in DCI or RAR shall be no smaller than the maximum propagation delay on the service link. For a UE without capability of location acquisition, it can also make use of the configured K_offset for RACH attempt, i.e., the parameter of  in the following TA calculation formula can be set as the configured K_offset.

Moreover, if the configured K_offset is beam specific, the K_offset associated to the selected SSB for RACH attempt shall be used in the TA calculation. When a gNB detects a RACH signal associated to one SSB, gNB can use the K_offset associated to the SSB for future UL transmission scheduling.

Observation2: The configured cell-specific or beam-specific K_offset can be used for TA pre-compensation by the UEs without capability of location acquisition.
Proposal2: Support to adopt cell-specific or beam-specific K_offset for TA pre-compensation by the UEs without capability of location acquisition.

 TA update
According to the discussion in last meeting, we have the following three options for TA update in RRC connected state:
· Option1: Open loop only

· Option2: Combined Open and closed loop


· Option3: Closed loop only


According to our observation, for option3, it seems to have no obvious benefits over option1 and option2 and needs extra signalling to indicate the UE-specific drift rate. For option2, it compensates the estimated UL timing error in Option1 and has no specific impacts. Therefore, option2 shall be supported. 
Proposal3: Adopt combined open and closed loop for TA update in RRC connected state. 

Conclusions
In this contribution, we have present our considerations on the FFS issues about UL time synchronization and put forward the following observations and proposals: 

Observation1: In the scenario of regenerate satellites, common timing offset is zero and no need for indication. In the scenario of transparent satellites, common timing offset is depending on the location of reference point. 
Proposal1: In the scenario of transparent satellites, setting whether the satellite or the gNB as the referenc point, both options have advantages and disadvantages and shall be supported.
Observation2: The configured cell-specific or beam-specific K_offset can be used for TA pre-compensation by the UEs without capability of location acquisition.
Proposal2: Support to adopt cell-specific or beam-specific K_offset for TA pre-compensation by the UEs without capability of location acquisition.
Proposal3: Adopt combined open and closed loop for TA update in RRC connected state. 
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