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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 #104, the following agreements are reached.
· Agreement:
· Confirm the following 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.
· Agreement:
· Update of K_offset after initial access is supported
· Agreement:
· For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
· FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· Working assumption: 
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.


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

2 Discussion
2.1 Beam-specific K_offset in initial access
It is agreed in RAN1 #103-e that gNB broadcasts a K_offset value with at least cell-specific granularity for UE to use in initial access process. A smaller granularity value of beam-specific K_offset is discussed then. In case of multiple beams per cell, a large K_offset appeals at the edge of the cell and causes a latency for accessing and scheduling. However, there are two ways to realize beam-specific K_offset before initial access, both of which have their flaws. One way is to list the K_offset values for all beams in the system information, which will cause a high signalling overhead. Another way is to introduce beam-specific SIB with a specification impact. 
Overall, a beam-specific K_offset does more harm than good. The latency only appeals at the initial access stage and is acceptable. The K_offset will be updated later in connected mode. 
Proposal 1: Cell-specific K_offset is broadcast in system information for initial access.
Nevertheless, enhancement to reduce the latency for initial access can still be considered. As the enhancement is mainly beneficial to msg3, it is reasonable to attach a K_offset value with smaller granularity in msg2, i.e., a beam-specific value. 
Proposal 2: Beam-specific K_offset value can be attached in msg2 for initial access.

2.2 Exceptional MAC CE timing relationships
It is discussed in the last meeting that there may be an ambiguous period between the time the MAC CE is valid and the time UE report a measuring result according to the updated MAC CE. The ambiguity only appears at the gNB side and the length of it is acquirable to the gNB, which is corresponding to the propagation delay and the time spot that the gNB transmits a DCI with A-CSI triggering. Therefore, the problem can be handled by gNB independently. 
Proposal 3: There’s no need to take MAC CE timing relationships (including activation/deactivation of elements in configured CSI-AperiodicTriggerStateList and configured SRS resource set) as exceptional. 

2.3 Configured grant type 1
The timing relationship of the configured grant (CG) type 1 is 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 a gNB configured CG resource should have a time domain offset containing the RTT between the UE and the gNB.
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Figure 1
For the case that the RTT is relatively large (e.g. GEO), absorbing the offset through the timeDomainOffset leaves a poor scheduling flexibility. Although the timeReferenceSFN can be configured to be 512, it is only suitable for the case that the configuration time is after the SFN512. Moreover, if the configuration happens just before SFN512 or SFN0, the remaining timeDomainOffset won’t be enough.
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: Cell-specific K_offset is broadcast in system information for initial access.
Proposal 2: Beam-specific K_offset value can be attached in msg2 for initial access.
Proposal 3: There’s no need to take MAC CE timing relationships (including activation/deactivation of elements in configured CSI-AperiodicTriggerStateList and configured SRS resource set) as exceptional. 
Proposal 4: K_offset shall be added to the timing relationship for configured grant type 1.
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