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1. Introduction

In the NTN SI phase, the discussions on the UL time and frequency synchronization have been conducted. The synchronization issue is divided into time and frequency respectively. For time synchronization, the main discussion was focused on the timing advance, for which RAN1 has reached the following agreements. 

Agreement:
Following options can be considered to support TA adjustment for UL transmission:

· Option 1

· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   

· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 

· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.

· FFS: additional TA signalling from BS considering the potential inaccuracy.

· Option 2

· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB

· FFS: additional UE-specific differential TA signalling from BS.

· FFS: the reference point(s)  for common TA calculation

· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance

· Parameters indicated by gNB to enable the TA adjustment

· Cell/UE-group specific signalling

Agreement:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 

· Alt-1: Compensation of the full-TA is conducted at the UE. 

· Note: Full-TA includes impact due to service link.

· FFS: impact of feeder link

· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.

· FFS: The reference point(s) for UE specific differential TA calculation

Agreement:
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 

· Single reference point per beam for common TA calculation is considered as the baseline.

· FFS: Multiple reference points per beam for common TA calculation

· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered

· Extension of range (explicit or implicit) for TA indication in RAR can be considered.

· FFS: Negative values of TA

Agreement:
Indication of timing drift rate by gNB to the UE is beneficial to enable TA adjustment.

· FFS: whether indication of frequency drift rate is beneficial

Another discussion aspect for the synchronization is the frequency synchronization. The satellite has high mobility which leads to a remarkable carrier frequency offset. In legacy cellular system, the CFO is handled in a transparent manner, i.e. by gNB or UE implementation. In NTN system, RAN1 reached the following agreements during the SI phase. 

Agreement:
If compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively, indication of compensated frequency offset values by the network is beneficial.

Agreement:
Include the following in the TR:

Indication of frequency drift rate is not necessary for NTN.

2. Discussion

2.1. Timing advance for transmitting Msg 1
For timing advance, we can further separate it to TA for Msg 1 and TA adjustment. In legacy terrestrial network, there is no TA applied for initial access transmitting Msg 1 (or PRACH). Instead, the gNB will configure a suitable PRACH format which absorbs the maximum differential delay among UEs and the gap period at the end is used to protect the DL/UL confliction due to delayed arrived PRACH from UE. 
In NTN system, the RTT becomes much larger than TN system. Thus in the SI, PRACH format enhancement was discussed. This enhancement was based on the assumption that there is no TA pre-compensation for PRACH transmission (similar to NR R15/R16). In this case, the RO reception window will be shifted according to the minimum/maximum RTT of the cell and the gNB will take this shift into account for UL scheduling. Moreover, the PRACH format needs to be redesigned addressing the issue from the maximum differential RTT between the UEs accessing to the same RO. 
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Observation 1: transmission PRACH without TA pre-compensation would delay the RO reception window and the gNB scheduler should take this shift into account. Moreover, this solution seems to have very few spec impact. 
Alternatively, in the SI, TA pre-compensation for PRACH transmission was discussed. There are two main directions, i.e. gNB signals a common TA and UE autonomously pre-compensates for the TA. For CTA signaled by the gNB, we believe that it is the most straightforward way. Moreover, the CTA can be signaled in the system information, e.g. SIB1, where the existing NTA,offset signaling can be used for this purpose. The advantages of the gNB signaling CTA are two folds: in the first the gNB can have full knowledge of the exact TA applied at the UE side. In the second, the UE side complexity can be less pressured as the UE does not need to estimate a TA at a given required accuracy. 
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Observation 2: A common TA signaled by the gNB in a system information is a straightforward solution, and the existing NTA,offset signaling can be reused for this purpose. Moreover, the spec impact is trivial given that legacy signaling parameter may be reused. 
Besides the above two fashions, in the SI phase, UE autonomous TA pre-compensation was also discussed. In this solution, the UE should estimate the UE-specific TA based on GNSS data and apply the estimated TA when transmitting the PRACH. In this case, the UL synchronization becomes UE autonomous handling. Later, in RAR, the gNB can further fine-tune the TA delta as in the legacy system. This solution may also depend on the UE estimation accuracy, which needs to be discussed and decided by a minimum accuracy requirement. 

Observation 3: minimum estimation accuracy is needed for UE autonomous TA estimation. 

On the other hand, the gNB in this case does not have the knowledge of the UE estimated TA. But it can still correct the TA delta based on the detected PRACH. However, in later procedure, the UE would need to report its estimated TA to the gNB so that the gNB can be fully aware of the proper timing relationship between the downlink and the uplink frame timing at UE side. 
Observation 4: for UE autonomous TA estimation, the estimated TA is informed to the gNB. 
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Moreover, for transparent satellite, the UE may estimate the TA only based on the estimated distance between the satellite and the UE, whereas the RTT involved in the feeder link may not be estimate-able by the UE. In this case, the gNB might need to include the RTT information in the ephemeris data, so that the UE can take into account for estimating a correct TA. 

Observation 5: for transparent satellite, RTT of the feeder link may be informed to the UE for UE autonomous TA estimation. 

Based on the above analysis, the have the following proposal
Proposal 1: Consider the gNB signaling CTA as a baseline, further discuss the concrete design of CTA signaling.

Proposal 2: Further discuss the estimation accuracy requirement for UE autonomous TA estimation. 

Proposal 3: UE informs the gNB about the estimated TA.

2.2. TA adjustment 
The TA adjustment is another very important aspect to be designed. In legacy TN system, the TA adjustment is conducted by RAR-based TA correction and MAC-CE-based TA correction. 
For RAR-based TA correction, the R15 principle may be reused. But for the concrete design for the TA command, it should be jointly considered with section 2.1. For example, when the gNB signaling CTA is applied, the TA command in RAR should at least cover the remaining TA for the UE. While for UE autonomous TA estimation, although it is highly relevant to the estimation accuracy, if a fine accuracy can be ensured, the overhead of the TA command may be reduced or in some cases can be completely avoided. 

Proposal 4: for gNB signaling CTA, TA command in RAR should cover the remaining TA delta. 

Proposal 5: for UE autonomous TA estimation, consider to reduce the TA command overhead. 
For MAC-CE-based TA correction, it is used in legacy TN system for TA tracking. However, moving to NTN system with an extremely high satellite velocity (e.g. LEO), solely relying on MAC-CE will not be an efficient solution. A potential enhancement is to allow DCI to update the TA adjustment. The DCI could be UE-specific or group-common DCI. 
Proposal 6: Consider using DCI to update the TA for a UE or a group UE. 
2.3. Frequency synchronization
During the SI phase, there seemed to have a common understanding that the frequency offset, e.g. Doppler shift, can be pre-compensated at the transmitter side, including both gNB side and UE side. For the gNB pre-compensation, the gNB may predict the frequency offset based on the satellite status. However, the UE UL frequency offset estimation is based on the DL synchronization. When the UE receives a DL reference signal, e.g. TRS for the synchronization tracking, the UE might not be able to estimate a true frequency offset if the gNB has implemented the frequency offset pre-compensation on the reference signal. Consequently, the UE cannot correctly pre-compensate the frequency offset for the UL transmission. 

Proposal 7: UE should be provided with necessary information about the frequency offset pre-compensation.  
3. Conclusion

In this contribution we discussed UL time and frequency synchronizations in NTN system, and the following observations and proposals are made. 
Observation 1: transmission PRACH without TA pre-compensation would delay the RO reception window and the gNB scheduler should take this shift into account. Moreover, this solution seems to have very few spec impact.
Observation 2: A common TA signaled by the gNB in a system information is a straightforward solution, and the existing NTA,offset signaling can be reused for this purpose. Moreover, the spec impact is trivial given that legacy signaling parameter may be reused. 

Observation 3: minimum estimation accuracy is needed for UE autonomous TA estimation. 

Observation 4: for UE autonomous TA estimation, the estimated TA is informed to the gNB. 
Observation 5: for transparent satellite, RTT of the feeder link may be informed to the UE for UE autonomous TA estimation. 
Proposal 1: Consider the gNB signaling CTA as a baseline, further discuss the concrete design of CTA signaling.

Proposal 2: Further discuss the estimation accuracy requirement for UE autonomous TA estimation. 

Proposal 3: UE informs the gNB about the estimated TA.

Proposal 4: for gNB signaling CTA, TA command in RAR should cover the remaining TA delta. 

Proposal 5: for UE autonomous TA estimation, consider to reduce the TA command overhead. 

Proposal 6: Consider using DCI to update the TA for a UE or a group UE. 
Proposal 7: UE should be provided with necessary information about the frequency offset pre-compensation.  
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