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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 #104bis, the following agreements are reached.
· Agreement:
· For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
· FFS: Other options
· Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link
· Agreement:
· Confirm the following working assumption:
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
· Agreement:
· When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.
· Agreement:
· UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


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. The impact would be significant especially for high orbit satellites. 
The beam specific K_offset can reduce the scheduling delay at RACH stage hence reduce the access delay. Before the initial access, it is assumed that the K_offset is consistent with in a certain area (i.e. cell or beam). It means that if the reference point is the centre of the area, it is possible that UEs at the edge of the area is out of scheduling ability. In order to cover the whole area, the K_offset should be chosen based on the worst case. This leads to a relatively large average-latency of accessing and scheduling. 
Proposal 1: Beam-specific K_offset is supported in initial access. 
Proposal 2: Beam-specific K_offset value can be carried in Msg2.

2.2 On K1/K2 range extension
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is discussed in the last meeting that with K_offset, there is no need to introduce K1 range extension to paired spectrum. However, for TDD case, the K1 value is supposed to be increased and indicated by reinterpret the PDSCH-to-HARQ_feedback timing indicator field, as it has no impact for RRC configuration and hence no impact for RRC parameters. 
Proposal 3: The increased K1 value for TDD case is indicated by reinterpret the PDSCH-to-HARQ_feedback timing indicator field in DCI.

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.
[image: ]
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.

2.4 PDCCH ordered PRACH
If the impact TA is considered in PRACH occasion selection, there could be some blind detection burden on the network, depending on the PRACH configuration. As the K_offset is known by the gNB, as well as the UE-specific TA with proper TA reporting, the gNB is supposed to known the occasion of the appearing of the PRACH ordered by the gNB. Therefore, there’s no need for extra enhancement between UE and gNB. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 5: The blind detection burden on PDCCH ordered PRACH is left to network implementation.


3 Conclusion
In this contribution, we further discussed the issue of the timing relationship enhancements for NTN, the following proposals are presented: 
Proposal 1: Beam-specific K_offset is supported in initial access. 
Proposal 2: Beam-specific K_offset value can be carried in Msg2.
Proposal 3: The increased K1 value for TDD case is indicated by reinterpret the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Proposal 4: K_offset shall be added to the timing relationship for configured grant type 1.
Proposal 5: The blind detection burden on PDCCH ordered PRACH is left to network implementation.
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