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1 Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86. The propagation delays in NTN mobile systems, ranging from several milliseconds to hundreds of milliseconds, are usually much longer than it is in a terrestrial system. To deal with the propagation delay and consequently the large timing offset between DL and UL at the UE side, a Koffset is introduced. A list of topics regarding timing relationship enhancements was discussed. In the meeting RAN1 #103, the following agreements are reached.
· Agreement:
· Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.
· Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access. 
· Working Assumption:
· K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH. 
· Conclusion:
· The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH. 


In this contribution, we discuss the timing relationship enhancement in NTN.

2 Discussion
2.1 Updating K_offset after initial access
The movement of UE, as well as the satellite, would cause variations on the round trip delay in between. Moreover, the pre-estimated/pre-indicated value of the K_offset may be short of accuracy. Therefore, in RAN1 #103 an agreement has been reached that the K_offset shall be updated after initial access and configured by gNB.
The main purpose of NTN is to solve the issue of wide ranges of coverage, thus in the typical scenario of NTN, e.g., plane, high-speed train, or ocean vessel, the UE is assumed to have a high speed. On the other hand, the serving satellite, e.g., LEO, is at a high relative velocity. In these situations, the RTT between UE and serving satellite is expected to have a large rate of change. To ensure the scheduling flexibility of the gNB, the K_offset shall have a relatively high updating frequency. In order to avoid large signalling overhead, it is proposed that the UE calculates and updates K_offset based on predefined rules (e.g., UE derives the RTT to the satellite-based on the GNSS position and ephemeris data, and the K_offset is defined proportional to the RTT, or K_offset is equal to TA), and the gNB indicates the updating frequency. A default updating frequency is predefined (take the relative speed between the UE and the satellite as reference) so the mechanism still works without gNB’s indication.
Proposal 1: the UE updates K_offset based on predefined rules and the gNB indicates the updating frequency.
For situations that the K_offset estimated by UE is not available, for example, the UE fails to acquire its position information, the gNB can indicate the K_offset to the UE as a calibration. For the GEO where the satellite is relatively static, gNB’s indicating the K_offset and making the updating frequency at a low level helps to save the power.
Proposal 2: RRC configuration should be supported with a higher authority to calibrate or overwrite the K_offset estimated by UE. 

2.2 K1/K2 range extension
K1 and K2 can be known as the relative delay from reception of PDCCH/PDSCH until associated UL transmission in traditional terrestrial networks. However, in the non-terrestrial network, K1/K2 together with the K-offset should be considered as the relative delay stated above. Therefore, without sacrificing the schedule flexibility, extending the range of K1 and K2 helps to reduce the frequency of updating K_offset, which is expected to be high in LEO scenario. Moreover, to support 32 HARQ processes, K1 should be extended to at least 32.
In order to reduce the impact to the present structure of the DCI, an implicit indication of the extended K1 and K2 can be considered and the range should be limited.
Proposal 3: The range of K1 and K2 shall be slightly extended and implicitly indicated. 

2.3 Configured grant type 1
The timing relationship of the configured grant (CG) type 1 is as shown in figure 1. The UL transmission occasion of the UE is configured by gNB, which shall be later than the time UE receives the configuration. This means that the gNB configured UE uplink transmission occasion should be after the arrival of the UE downlink slot. In other words, the time length indicated by gNB should be equal to or larger than TA.
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Figure 1
In NTN, a large TA value is expected due to the large propagation delay. Therefore, the gNB needs to take charge of the impact of the large TA value. This is the same problem as the scenarios the K_offset is introduced. The same mechanism should be applied to the same problem in order to keep the design consistent.
Proposal 4: K_offset shall be added to the timing relationship for configured grant type 1.

3 Conclusion
In this contribution, we further discussed the issue of the timing relationship enhancements for NTN, the following proposals are presented: 
Proposal 1: the UE updates K_offset based on predefined rules and the gNB indicates the updating frequency.
Proposal 2: RRC configuration should be supported with a higher authority to calibrate or overwrite the K_offset estimated by UE. 
Proposal 3: The range of K1 and K2 shall be slightly extended and implicitly indicated. 
Proposal 4: K_offset shall be added to the timing relationship for configured grant type 1.
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