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Introduction
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. In the meeting RAN1 #102, the following agreements are reached.
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.
· 

[bookmark: _Hlk49428996]For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.

In this contribution, we discuss the configuration of the Koffset.
Discussion
For a communication satellite, the ephemeris data can be seen as known information, and hence the orbital altitude. Therefore, the satellite can easily and relatively accurately obtain its RTT of the beam or cell it covers. The typical scope of an LEO (1200km) satellite cell can be up to 760km diameter containing 16beams, and the maximum transmission delay difference can be up to 4ms. A beam-specific value of  is more accurate under the circumstances. For  configuration before random access, e.g., the scenario of the transmission timing of RAR grant scheduled PUSCH, we propose that the value of  is directly proportional to the maximum RTT of a beam, which is calculated based on the satellite’s ephemeris and the scope of the beam. 
The proportionality coefficient is determined to convert the transmission delay into the number of slots in the current numerology, as shown in the following equation,

where  is the length of a slot in different numerology , as shown in the table below.
	Scs
	
	Ts

	15kHz
	0
	1ms

	30kHz
	1
	0.5ms

	60kHz
	2
	0.25ms

	120kHz
	3
	0.125ms

	240kHz
	4
	0.0625ms



Proposal 1: The value of  before random access is directly proportional to the maximum RTT of a beam, which is calculated based on the satellite’s ephemeris and the scope of the beam.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The coverage of a satellite beam is significantly larger than one in the terrestrial network, which leads to a nonnegligible difference of transmission delay between UEs of different locations within a beam. Furthermore, both the movement of the satellite and the UEs cause changes in the transmission delay. Thus, it is necessary to keep updating the value of  when the UE is in RRC connected status. 
There are two ways to determine the , i.e., the UE calculates the value itself based on TA command and the gNodeB calculates it based on RTT and informs the UE.
The reason to introduce the  is that large transmission delay causes large timing advance appears at the UE side, which reduces the scheduling flexibility of gNodeB by limiting the candidate value of . Hence, the configuration of  should have the effect that fully compensates for the transmission delay. Therefore, the value of  can be calculated by UE according to the TA in slots, and it can further be updated along with the TA. The benefit is that there’s no additional signaling between the UE and the gNodeB, and the deployment of “full TA” or “partial TA” is transparent to the configuration of . The value of  can be given by

In 5G NR, the time domain scalar is based on , and the timing advance value at UE side is obtained by , where  is the value of the TA command. It means that the timing advance value at the UE side is based on a granularity of  and . On the other side, the gNodeB can obtain a more accurate transmission delay between the UE and itself by monitoring the UL signal. A more accurate  can be calculated then based on the RTT similar to equation (1). Additional signaling needs to be determined for the gNodeB to indicate the  to the UE.
Proposal 2: The value of  is configured by the following two methods depending on the deployment,
1. The gNodeB calculates the value of  based on the maximum RTT and inform it to the UE through additional signaling, or,
2. [bookmark: _GoBack]The UE calculates the value of  itself based on the TA value as a default configuration when the gNodeB does not inform it.
Conclusion
In this section, we further discussed the issue of the timing relationship enhancements for NTN, the following proposals are presented: 
Proposal 1: The value of  before random access is directly proportional to the maximum RTT of a beam, which is calculated based on the satellite’s ephemeris and the scope of the beam.
Proposal 2: The value of  is configured by the following two methods depending on the deployment,
1. The gNodeB calculates the value of  based on the maximum RTT and inform it to the UE through additional signaling, or,
2. The UE calculates the value of  itself based on the TA value as a default configuration when the gNodeB does not inform it.
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