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Introduction
[bookmark: _GoBack]In last meeting of RAN1#104-e, the following agreements have been reached for UL time synchronization in NTN.
	RAN1#104e agreements
Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
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
Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation
Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.
[bookmark: _Hlk63432430]Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported




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 what 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 reference point, both options have advantages and disadvantages and shall be supported.

Full TA Pre-compensation
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 indicated timing offset in DCI or RAR shall be not 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 role of the parameter of UE specific TA  and common offset  in the proposed TA calculation formula can be replaced by the configured K_offset.


Note that the relationship between K_offset and common TA  needs further discussions. 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, how to update the TA of the following formula through combined open and closed loop control needs further discussions.

Generally, the network controlled parameter  and the parameter  autonomously calculated by the UE based on UE-satellite distance are controlled in closed loop manner and open loop manner, respectively. 
From our observation, in the scenario of fast change like LEO, the network controlled parameter  might be outdated if the duration from the time that UE receives the TAC to the time that UE applies the TA is quite long. In such case, it might be better to apply the TA for UE without considering the network controlled TA information as initial RACH attempt. Therefore, the condition when to apply the TA through combined closed loop and open loop needs FFS. It might need to introduce a timer here to deactivate the network controlled TA parameter.  
Proposal3: FFS the condition when to apply the TA through combined closed loop and open loop. 

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 reference 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: FFS the condition when to apply the TA through combined closed loop and open loop. 
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