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1. Introduction
In the NTN WID [1], the following objectives are relevant to the physical layer design for NTN.
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In this contribution, we discuss on the enhancement on UL time and frequency synchronization in NTN.

2. Discussion  
Enhancement on UL time synchronization
In the TR38.821 for NTN SI [2], following two options are captured for the timing advance (TA) in the initial access and the subsequent TA maintenance.

· Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris
· Option 2: Timing advanced adjustment based on network indication

Regarding to Option 1, in order to acquire the TA at UE side, two approaches are considered. The first approach is that the full TA (i.e., common TA + UE specific differential TA) should be compensated at the UE side. Here, the common TA is determined differently depending on which payload system considers. According to NTN WID [1], in Rel-17 NTN, the NTN system is assumed as transparent payload. Therefore, in this approach, the UE should know the TA value of both service link and feeder link. 
The TA value of service link can be calculated at the UE side based on the position of UE and the ephemeris of satellite. But, the TA value of feeder link cannot be calculated at the UE side without any information of feeder link. Some companies insisted that gNB can provide the TA value of feeder link to UEs, and then the full TA can be compensated at the UE side. However, indicating the TA value of feeder link by gNB is not suitable for the approach of autonomous TA compensation at the UE side.
The second approach is that the UE specific differential TA only should be compensated at the UE side. In this approach, the gNB should provide the common TA (i.e., service link + feeder link) to the UEs based on the reference point, the UE can compensate the UE specific differential TA based on the position of UE. For this approach (i.e., the common TA is provided by gNB), due to the situations in which common TA value can be changed rapidly, such as LEO, the indication of multiple common TA values considering satellite ephemeris by gNB can be considered.

Observation 1. Regarding to Option 1, the approach that the only UE specific differential TA should be compensated at the UE side is preferred over the approach that the full TA should be compensated at the UE side.

Regarding to Option 2, since the gNB provides the common TA (i.e., service link + feeder link) based on the reference point, and the gNB also provides the UE specific differential TA in RAR, the UEs can acquire the full TA based on the above information. Here, some company said that the negative value should necessary for TA command in RAR, but if the gNB provides the common TA value appropriately, it seems that there is no problem with using only positive value can be used for TA command in RAR. 
Moreover, it is reasonable to enhance the step size of TA command in RAR because the cell coverage is larger than terrestrial networks (TN). However, if step size of TA command in RAR is too large, the gNB may not be able to provide the accurate TA vale to UE. Therefore, it is necessary to determine the appropriate TA step size, and as an alternatives, the multiple reference points can be considered. 
Based on above discussion, the Option 2 is preferred over the Option 1, because the UE complexity does not increase. However, if Option 1 should be supported, the second approach (i.e., the UE specific differential TA only should be compensated at the UE side) is preferred over the first approach (i.e., the full TA should be compensated at the UE side).

Proposal 1. For the timing advance (TA) in the initial access and the subsequent TA maintenance, the option that the gNB can provide both common TA and UE specific differential TA (i.e., Option 2) is preferred over the autonomous acquisition of the TA at UE side (i.e., Option 1).

Proposal 2. If Option 1 is down-selected, the approach that the only UE specific differential TA should be compensated at the UE side is preferred.

In cases when the common TA is provided by gNB, it is necessary to discuss the common TA will be provided which DL signals and/or channels. As mentioned earlier, due to the situations in which common TA values can change rapidly, such as LEO, the semi-static signaling (e.g., SIB) may not be suitable. Therefore, it can be considered that the one or multiple common TA values can be provided by group common PDCCH. Alternatively, initial common TA can be provided by semi-static signaling (e.g., SIB) and after that, the updated common TA will be provided by dynamic signaling (e.g., GC PDCCH).

Enhancement on UL frequency synchronization
According to the FL summaries of Rel-16 NTN Study Item phase, it said that there is no critical issue with respect to the tracking performance including the impact of frequency shift. However, due to the lack of the simulation results regarding to UL frequency synchronization, some companies expect to see more companies view in WI phase. Therefore, if there is critical issues on UL frequency synchronization, some technical discussions may be needed in Rel-17 NTN Work Item phase. 

3. Conclusion
In this contribution, we discussed on the enhancement on UL time and frequency synchronization in NTN. Based on the above discussion, we have following observations and proposals:

Observation 1. Regarding to Option 1, the approach that the only UE specific differential TA should be compensated at the UE side is preferred over the approach that the full TA should be compensated at the UE side.

Proposal 1. For the timing advance (TA) in the initial access and the subsequent TA maintenance, the option that the gNB can provide both common TA and UE specific differential TA (i.e., Option 2) is preferred over the autonomous acquisition of the TA at UE side (i.e., Option 1).

Proposal 2. If Option 1 is down-selected, the approach that the only UE specific differential TA should be compensated at the UE side is preferred.
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