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1. Introduction
 In the WID [1], the following objectives are listed to be specified in Rel-17 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]

 Also, during the study item phase, following agreements regarding timing relationship enhancements are made as:
In RAN1 98,

Agreement:
For UL transmission timing, introduce an offset Koffset for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where [image: ] and nCSI_ref is as defined in 38.214.
· Koffset  is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signaled by higher layers

In RAN1#98bis, 

Agreement:
[bookmark: _Hlk22063355]With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot .

Agreement:
When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot  (X can be determined when specifications are developed).

Agreement:
If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .

Agreement:
 may take different values for each of the identified timing relationships that need to be modified for NTN.

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

2. Discussion  
As captured above, RAN1 agreed to introduce new timing offset, K_offset, for NTN, in order to compensate long RTT compared to terrestrial network (TN). The remaining issues for timing relationship enhancements are whether K_offset is derived from broadcast information or is signaled by higher layer, and whether K_offset is configured/derived per-beam or per-cell. 
K_offset may be related to timing advance (TA) and used for compensating TA where the full TA can be defined as common TA + differential TA. If we consider the same TA mechanism in NR for deriving differential TA, the actual differential TA in UE side and gNB side can be different, since UE will utilize accumulation of TA commands and will not send ACK/NACK for TA command. Thus, using full TA to derive and/or update K_offset is not desirable. Instead, common TA can be considered. However, in this case, additional offset may be needed to derive K_offset. Therefore, we prefer independent K_offset signaling by higher layer. 
Regarding K_offset configuration (i.e., per beam or per-cell), we think per beam configuration is more suitable. This is because the cell size in NTN is much larger than TN, and therefore differential delay gap would not be negligible between UE in cell center and cell boundary. Also, depending on the serving beam, parameters for TA as well as power control can be different. 
Proposal 1: K_offset per beam is independently configured by high-layer. 

[bookmark: _GoBack]In LEO (600 km), the satellite moves fast (about 7.6 km/s), and thus the RTT will vary according to the position of satellite. Also, in transparent payload scenario, feeder link switching and/or satellite switching may also impact the RTT variation. In these cases, K_offset value may need to be updated for proper NTN operation. To this end, several options can be considered including UE autonomous update based on the satellite ephemeris and update based on gNB indication like TA mechanism. 
Proposal 2: Discuss whether and how to updated K_offset value. 


3. Conclusion
In this contribution, we discussed on timing relationship enhancements for NTN. Based on the above discussion, we have following observations and proposals:

Proposal 1: K_offset per beam is independently configured by high-layer.
Proposal 2: Discuss whether and how to updated K_offset value. 
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