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Introduction
In RAN#86, a new work item titled “solutions for NR to support non-terrestrial networks” was approved. The objectives of the work item were updated in RAN#88e as the following [1]:
The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

During the study item phase, a number of existing timing relationships that involve DL-UL interaction and hence are affected by large round-trip delay (RTD) in NTN are identified. These affected timing relationships are:
· Transmission timing for PUSCH scheduled by RAR grant.
· Transmission timing for HARQ-ACK on PUCCH.
· MAC CE action timing.
· Transmission timing for CSI on PUSCH.
· CSI reference resource timing.
· Aperiodic SRS transmission timing.

To account for the large RTD, it was agreed to introduce a new timing offset,  Koffset , to be added in the existing NR timing definitions for the above timing relationships [2]. It was further agreed that the above timing relationships may take different values of Koffset and the signaling are FFS. 
In this document, we discuss signaling of Koffset and potential enhancements based on above agreement.
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Discussions
The introduction of additional timing delay, Koffset, is a flexible mechanism that leaves room for additional enhancements. For simplicity, the value of Koffset should be broadcasted per cell or per beam and should be applicable for all the above identified timing relationships. Additional UE specific signalling can be used to reconfigure the value for some or all of the identified timing relationships. Hence we propose to amend the existing agreement as the following
Proposal 1: 
· The value of timing delay, Koffset, is broadcasted per cell or per beam and is applied as in the following timing relationships:
· For UL HARQ-ACK on PUCCH in response to a scheduling DCI received in slot n , UE transmits the HARQ ACK on PUCCH on slot n + K1 + Koffset .
· When a scheduling DCI of a PUSCH is received in slot n,  UE transmits the  PUSCH on slot .
· When a DCI with CSI request is received in slot n and K is selected by the DCI, UE transmits CSI on PUSCH on slot n +K+Koffset, where K is indicated 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.
· 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 .
· 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  (the value of X is FFS).
· 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 .
· Additional configuration and mechanisms can be considered to overwrite the value for one or more of the above relationships.

[bookmark: _Hlk47259707]When the same value of Koffset is applied to all UEs in a cell or beam, Koffset must be larger than or equal to the maximal RTD of the cell or beam. Doing so, all the UEs in a cell or beam are subject to the maximal scheduling or action delay when DL-UL interaction is involved.  As shown as the alternative 1 in Figure 1, all UEs, near or far from the satellite, experience the same overall scheduling plus transmission delay. The unnecessary scheduling delay imposed on UEs near the satellite due to a common Koffset  per cell/beam can be significant when the size of the cell/beam is large. Additionally, this will create new buffering requirements at the UEs due to the increased delay between receiving a DL message and transmitting the corresponding UL response. In such case, UE specific Koffset can be configured so that UEs near the satellite can have smaller UL scheduling and transmission delay as shown as the alternative 2 in Figure 1.

	
Figure 1. UL scheduling and transmission delay with cell/beam specific Koffset vs UE specific Koffset. 

One way to support UE specific Koffset is to let UE report its timing advance (TA) including both UE autonomous timing advance and accumulated TA commands, e.g., in message 3, and to use the reported TA rounded up to a whole number in slots or ms as the new Koffset. For LEO satellites, the RTD can change as satellites moves. To support minimized scheduling delay with varying RTD, periodic report of TA and updating of koffset can be supported. 
Proposal 2: Support UE specific Koffset based on UE TA report(s).
· Exact mechanisms for UE TA report and associated signalling of Koffset are FFS.

Conclusions
In this contribution, we have discussed the use of Koffset to account for the impact of large RTD in NTN timing relationships. Based on existing agreement, the following proposals have been developed:
Proposal 1: 
· The value of timing delay, Koffset, is broadcasted per cell or per beam and is applied as in the following timing relationships:
· For UL HARQ-ACK on PUCCH in response to a scheduling DCI received in slot n , UE transmits the HARQ ACK on PUCCH on slot n + K1 + Koffset .
· When a scheduling DCI of a PUSCH is received in slot n,  UE transmits the  PUSCH on slot .
· When a DCI with CSI request is received in slot n and K is selected by the DCI, UE transmits CSI on PUSCH on slot n +K+Koffset, where K is indicated 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.
· 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 .
· 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  (the value of X is FFS).
· 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 .
· Additional configuration and mechanisms can be considered to overwrite the value for one or more of the above relationships.

Proposal 2: Support UE specific Koffset based on UE TA report(s).
· Exact mechanisms for UE TA report and associated signalling of Koffset are FFS.
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