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With consideration on the larger cell coverage, long round trip time (RTT) and high Doppler in non-terrestrial network, enhancements are considered to ensure the performance for timing synchronization for UL transmission.
As described in WID, UEs with GNSS capabilities are assumed. So, in this contribution, we mainly discuss how to acquire TA for UE with position information.
Discussion
For the legacy UE, the ways to acquire time advance value include RAR during RA procedure and timing advance MAC CE in RRC connected state. In non-terrestrial network, the propagation delay shared by all UEs within the coverage of same satellite beam/cell, which may be considered as common TA for the same satellite beam/cell. The common TA can be informed and updated by broadcast information.
In TR38.821, 2 optional solutions for timing advance are illustrated.
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
For option1, UE calculates TA value for uplink transmission, and the TA value can be used for preamble transmission. With random access response, network corrects TA value. The TA value in RAR can be UE-specific differential TA or full TA (consisting of UE specific differential TA and common TA). UE applies the corrected TA value in RAR since MSG3 transmission and updates TA value once TA command MAC CE is received. Uplink synchronization with 4-step RACH procedure has been shown in Fig.1 as an example.







Fig.1 Uplink synchronization procedure with option1
With respect to RAR design for option1, we should first do down selection for TA meaning in RAR. If the TA in RAR is UE-specific differential TA, the value range can be small. However discussion and evaluation for whether 12 bits TA value range is enough as legacy RAR format is needed. If the TA in RAR is full TA, the total value range of full TA should be much larger than legacy TA value range in RAR. In our understanding, the TA update is always based on the current TA value, and it is unnecessary to inform UE the common TA except for MSG1 or MSGA transmission. Taking UE-specific differential TA as TA in RAR of NTN is fine.
In option 2, for all UEs within the coverage of same satellite, network broadcast the common TA, which refers to the common component of propagation delay shared by all. The calculation of this common TA is conducted by the network with assumption on at least a single reference point per satellite beam/cell. UE transmits preamble and MSGA with the common TA acquired from broadcasted information. In RAR, network indicates UE-specific differential TA. With the above two TA values, UE processes MSG3 and following data transmission until receiving TA command MAC CE, as show in Fig.2. Comparing with iption1, option2 is a straightforward way for TA design. Of course, similar concern about the value range of UE-specific differential TA exists in option2.






Fig.2 Uplink synchronization procedure with option2
Proposal1: Consider option2 as TA compensation solution for NTN. 
Proposal 2: Consider UE-specific differential TA as TA in RAR, if option1 is accepted.
For the common issue for TA value range, extension of value range for TA indication in RAR or modification of adjustment step may be considered as optional solutions. The legacy value range is 12 bits in RAR and 6 bits in TA command MAC CE. Once the value range extends, RAR format and TA command MAC CE should be redesigned. Modification adjustment step is another way which may be at the expense of accuracy. Compromise between accuracy and specification modification should be considered.
Proposal 3: Extension of value range for TA indication in RAR or modification of adjustment step may be considered as optional solutions.
Conclusions
According the above discussion we have following proposals: 
Proposal1: Consider option2 as TA compensation solution for NTN. 
Proposal 2: Consider UE-specific differential TA as TA in RAR, if option1 is accepted.
Proposal 3: Extension of value range for TA indication in RAR or modification of adjustment step may be considered as optional solutions.
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