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1. Introduction
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED was agreed in RAN1#104bis-e [2]:

Where:
NTA is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command.
FFS: details of NTA update/accumulation.
NTA,UE-specific is UE self-estimated TA to pre-compensate for the service link delay.
NTA,common is network-controlled common TA, and may include any timing offset considered necessary by the network.
NTA,common with value of 0 is supported.
FFS:  details of signaling including granularity.
NTA,offset is a fixed offset used to calculate the timing advance.
During RAN1#106-bis, RAN1group discussed the following solutions to avoid the TA jump caused by double correction of closed loop and opened loop TA component :
· Solution 1:
· UE subtracts the difference between new value and old value NTA_UE-specific,new from the accumulative closed loop TA (NTA)
· NTA -( NTA_UE-specific,new - NTA_UE-specific,old)
· UE subtracts the difference between common TA derived based on new parameters NTA,Common,new and the value based on old parameters NTA,Common,old from the accumulative closed loop TA  (NTA).
· NTA -( NTA,Common,new - NTA,Common,old )
· Solution 2:  
· Cap max adjustment: 
· if |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1
· |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2
· minimum aggregate adjustement rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds
· FFS the values of x1, x2, x3, x4, T1 and T2.
Where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to the last applied UE specific TA, and sat_current is the current satellite location,
· Solution 3: 
· Introduce two states of operation for the closed-loop, one absolute, where the TA command is applied in absolute values regardless of UE procedures (similar to RACH procedure) and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
· Solution 4: 
· Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N
· Solution 5: 
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of NTA,UE-Specific.
· Solution 6: 
· How closed-loop TA is determined when NTA,UE-specific or NTA,common are autonomously updated in RRC Connected state can be up to UE implementation as long as the UL synchronization requirement is fulfilled
In this contribution, We put forward our own views on the above solutions for the combination of open-loop and closed-loop TA control in NTN.
1. Discussion
Compared with the terrestrial communication, the signal transmission distance in the satellite communication system is larger and the coverage area of the satellite spot beam is much larger than that of the cellular cell, resulting in a longer signal transmission delay. In view of the above problems, TA is introduced to synchronize the uplink transmission. The gNB requires that signals from different UEs of the same subframe but different frequency domain resources arrive at the gNB at basically the same time. The role of TA is to enable the UE to send data packets in advance according to the corresponding instructions. At the same time, the GNB informs the UE of the timing advance time by sending TAC to the UE. 
The TA value updating method can be divided into two types according to the TA information source. One is the open-loop method that requires the UE to perform autonomous TA estimation and common TA estimation, and the other is the closed-loop method that does not require the UE to operate and only receives TA commands from the base station. Although the open loop method is easy to realize and has high flexibility, it is seriously disturbed by the outside world; Although the closed-loop method has strong anti-interference ability and high stability, it wastes more time-frequency resources. In order to obtain better TA compensation performance, it is an inevitable choice to combine open-loop and closed-loop.
However, there is a very important problem in the combination process. If parameters for open loop TA are updated, but the close loop TA is not reset to 0, large error will be introduced to the UE's total TA due to "double correction", which is called TA jump. In order to solve this problem, several solutions have been discussed in the previous meeting, but some of them still have problems.
Observation 1: When using the gradual update equation to solve the TA jump problem, after the value of the common TA is updated, since the UE still follows the model of the gradual update, the common TA will drift gradually with the system error, that is, a 'jump' phenomenon will occur.
Observation 2: Due to the jump phenomenon of the common TA, the UE cannot quickly correct it, which may cause serious deviation in the final TA value and cause uplink transmission failure.
Since this method still has disadvantages, We need to add necessary adaptive changes to the UE in the closed-loop TA control
Proposal 1: We support dividing the closed loop into two states. Having one absolute state, where the TA command is applied in absolute values regardless of UE procedures and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
From the essence of TA jump problem, it is that the open-loop TA and the closed-loop TA are not updated synchronously, so that the two TAS are not at the same reference time point during the correction, thus the TA jump phenomenon occurs.
Observation 3: In the closed-loop TA control, the UE receives the TA command to obtain the TA value. In the open-loop TA control, the ephemeris is used to estimate the common TA and the GNSS is used to estimate the UE-specific TA. If the three are updated at the same time, there will be no double correction problem.
Proposal 2: The “double correction” issue can be solved directly when TA command, ephemeris and GNSS are updated at the same time. 
Observation 4: If the open-loop and closed-loop TA control are combined, when the satellite ephemeris and GNSS positioning are updated, due to the dual effects of the closed-loop TAC notification and the open-loop UE estimation, the TA value may be over compensated, as shown in the following figure.
In the figure, the old GNSS positioning and ephemeris information are used in the closed loop before 20ms, and the open loop and closed loop compensate at the same time to obtain the accurate TA value. At 20ms, due to the update of GNSS fix and ephemeris information, the compensation for TA in the closed loop becomes larger, while the compensation for TA in the open loop remains unchanged. The combination of the two will make the compensation value of TA at this time larger than the expected compensation value, that is, an "over-compensation" occurs. Similarly, in 70ms, the actual TA value is less than the ideal TA value. 
[image: ]
Figure1 TA overcompensation when TAC and UE correction are both applied together.
Proposal 3：We believe that the time when the satellite passes zenith can be obtained in advance by using the ephemeris information. If the TA derivative value obtained by combining the TA command received by the UE and the UE's own estimation (i.e., the combination of closed-loop and open-loop) before this time is greater than 0 or the TA derivative value after this time is less than 0, it is considered that the over-compensation occurs. At this time, the information of one of open-loop and closed-loop should not be used.
Since we need to judge the TA derivative value before and after the satellite passing zenith, we need to know the accurate time point of that, which can be obtained through the ephemeris information of the satellite. Before the zenith passing time, the TA value should gradually decrease, that is, the derivative value of TA should be less than 0. In this process, if the TA derivative value is greater than 0, it can be considered that the over-compensation has occurred. This phenomenon is due to the update of GNSS and ephemeris information, and the compensation of the closed loop for TA has become accurate. At this time, the combination of the two will lead to the excessive compensation value. Therefore, at this time, we should no longer use the information of one of the methods to make the TA value return to the ideal state. Similarly, it should also be the case that the TA derivative is less than 0 after passing zenith.
1. Conclusion
Observation 1: When using the gradual update equation to solve the TA jump problem, after the value of the common TA is updated, since the UE still follows the model of the gradient update, the common TA will drift gradually with the system error, that is, a 'jump' phenomenon will occur.
Observation 2: Due to the jump phenomenon of the common TA, the UE cannot quickly correct it, which may cause serious deviation in the final TA value and cause uplink transmission failure.
Proposal 1: We support dividing the closed loop into two states. Having one absolute state, where the TA command is applied in absolute values regardless of UE procedures and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
Observation 3: In the closed-loop TA control, the UE receives the TA command to obtain the TA value. In the open-loop TA control, the ephemeris is used to estimate the common TA and the GNSS is used to estimate the UE-specific TA. If the three are updated at the same time, there will be no double correction problem.
Proposal 2: The “double correction” issue can be solved directly when TA command, ephemeris and GNSS are updated at the same time. 
Observation 4: If the open-loop and closed-loop TA control are combined, when the satellite ephemeris and GNSS positioning are updated, due to the dual effects of the closed-loop TAC notification and the open-loop UE estimation, the TA value may be over compensated, as shown in the following figure.
[bookmark: _GoBack]Proposal 3：We believe that the time when the satellite passes zenith can be obtained in advance by using the ephemeris information. If the TA derivative value obtained by combining the TA command received by the UE and the UE's own estimation (i.e., the combination of closed-loop and open-loop) before this time is greater than 0 or the TA derivative value after this time is less than 0, it is considered that the over-compensation occurs. At this time, the information of one of open-loop and closed-loop should not be used.
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