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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 and the following agreements were made in [1] and [2],
[bookmark: _Hlk49429056]Agreement:
· 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]Agreement:
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.
[bookmark: _Hlk56149827]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.

Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.
In this contribution, we discuss the timing relationship enhancements for NTN.
Discussion
It has been agreed that the new parameter K_offset can be introduced to handle the large propagation delay in NTN and it can be carried in system information. However, there are still two key issues that need to be addressed:
· Whether K_offset should be carried in system information in explicit or implicit manner?
· Whether K_offset should be further configured per beam?
K_offset values can be easily derived from broadcasted information, such as common TA value. In addition, the resources that can be used for system information are limited and explicit configuration and signaling K_offset in system information, especially when multiple K_offset values for different procedures are needed, could potentially cause large signaling overhead. Therefore, implicit signaling of K_offset values should at least be supported. In addition, it should be noted that the slot duration depends on numerology, so that K_offset values can be different for different numerologies. 
Proposal 1:  Implicit signaling of K_offset value(s) should be supported and the K_offset value(s) should depend on numerology.
Per cell configuration of K_offset has been agreed as the baseline. However, considering the extremely large cell coverage for satellites, especially for GEO satellites, per beam configuration of K_offset can be further supported. As mentioned previously, in the case of implicit signaling, K_offset is derived from broadcasted information, such as common TA value. If common TA value is also configured per beam as shown in the below figure, there won’t be any issues. 
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Fig.1 Per beam K_offset and common TA 
However, if the common TA value is configured per cell, per beam K_offset cannot be derived from the per cell common TA and there could be some issues as shown in the below figure. In such a case, the satellite can calculate per beam K_offset but for UE per beam TA information is not available so that it cannot derive per beam K_offset implicitly. In such a case, per beam K_offset needs to be carried in system information explicitly. However, without changing the current TA value configuration, we can consider only carry the difference between the per cell K_offset that can be derived implicitly from the per cell common TA value by the UE, and the per beam K_offset calculated by the satellites to reduce the signaling overhead. 
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Fig.1 Per beam K_offset and per cell common TA
Proposal 2: Per beam K_offset configuration should be supported and for the case of implicit configuration derived from per cell common TA, the difference between the per cell K_offset and the per beam K_offset can be signaled in the system information to reduce the signaling overhead.
Conclusions 
In this contribution, we discussed the timing relationship enhancements for NTN. Our proposals are summarized below.
Proposal 1:  Implicit signaling of K_offset value(s) should be supported and the K_offset value(s) should depend on numerology.
Proposal 2: Per beam K_offset configuration should be supported and for the case of implicit configuration derived from per cell common TA, the difference between the per cell K_offset and the per beam K_offset can be signaled in the system information to reduce the signaling overhead.
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