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Introduction
In RAN1 #104b-e, the following agreements on timing relationships for NTN were made [1]:
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.

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this document, we discuss remaining details and additional enhancements for timing relationships.
Discussions

Two scheduling offsets have been agreed. They are:
· [bookmark: _Hlk71061135]K_offset: To ensure that an UL transmission or report is causal.  Consequently, the associated Koffset must be greater than or equal to TA. This offset has been agreed and applies to the following timing relationships 
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH) and the first PUSCH opportunity in Configured Grant Type 2.
· 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.
 

· K_mac: This is to compensate the delay of an UL slot with respect to the DL slot of the same count at gNB. If downlink and uplink frame timing is aligned at the satellite, K_mac must be greater than or equal to the feeder link RTD. 




Figure 1. K_mac for MAC-CE commands with DL configuration: the associated HARQ-ACK arriving at satellite in slot n will arrive at gNB in slot n+2*df with 2df as the feeder link RTD.

[bookmark: _Hlk61461291]In addition, it has been agreed that a network controlled common timing offset value named  can be signalled for TA calculation. This common timing offset is intended to compensate the feeder link RTD although the exact amount of feeder link delay to be compensated is up to Network implementation. 
To save the signalling overhead when both K_mac and K_offset are to be signalled, we have the following proposal
[bookmark: _Hlk61463325]Proposal 1: The following two offset values are signalled in system information:
· Offset_1
· Offset_2
· K_mac=offset_1 and Offset_1=0 if not signalled. 
· [bookmark: _Hlk68531503]K_offset=Offset_1+Offset_2
· For K_offset update other than in system information, only offset_2 is updated
· FFS: If  is derived from offset_2 
· FFS: Detailed signalling and granularity of offset_1 and offset_2.

It has been agreed to support UE specific K_offset after initial access. However, UE specific K_offset cannot be used for some UL transmissions after initial access. These UL transmissions are in response to a DL transmission that may be addressed to multiple UEs. They are:
· [bookmark: _Hlk71065222]Msg3 transmission and retransmissions with scrambling initialized by a TC-RNTI.
· HARQ ACK/NACK transmissions in response to a DL transmission scrambled by TC-RNTI or MsgB-RNTI.

When the above UL transmissions occur, eg., a Msg3 transmission as a result of PDCCH order, existing UE specific K_offset may be outdated for future UL transmissions. In such a case, the above UL transmissions may invalidate the UE specific K_offset if configured.
[bookmark: _Hlk71635264]Proposal 2: For a UE provided with a K_offset value other than in the system information
· The Koffset value provided in system information applies to the following UL transmission
· Msg3 transmission and retransmissions with scrambling initialized by a TC-RNTI.
· HARQ-ACK transmissions in response to a DL transmission scrambled by TC-RNTI or MsgB-RNTI.
· The Koffset value provided not in system information applies to all other timing relationships associated with K_offset.
· FFS: If the above UL transmissions indicates that the K_offset value provided not in system information is outdated.

During the connection of a UE, service link RTD may change rapidly and several K_offset updates may be preferred. For this reason, update through MAC-CE is preferred. 
Proposal 3: Support updating K_offset after initial access at least by MAC-CE
· FFS: details of signaling

One way to support UE specific K_offset 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 K_offset. 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 K_offset can be supported. 
Proposal 4: Support UE specific TA report by MAC-CE
· FFS: details of signaling

Proposal 5: Support configuration of periodic TA report by RRC. 

Conclusions
In this contribution, we have discussed some remaining issues for timing relationships in NTN with following proposals:
Proposal 1: The following two offset values are signalled in system information:
· Offset_1
· Offset_2
· K_mac=offset_1 and Offset_1=0 if not signalled. 
· K_offset=Offset_1+Offset_2
· For K_offset update other than in system information, only offset_2 is updated
· FFS: If  is derived from offset_2 
· FFS: Detailed signalling and granularity of offset_1 and offset_2.

Proposal 2: For a UE provided with a K_offset value other than in the system information
· The Koffset value provided in system information applies to the following UL transmission
· Msg3 transmission and retransmissions with scrambling initialized by a TC-RNTI.
· HARQ-ACK transmissions in response to a DL transmission scrambled by TC-RNTI or MsgB-RNTI.
· The Koffset value provided not in system information applies to all other timing relationships associated with K_offset.
· FFS: If the above UL transmissions indicates that the K_offset value provided not in system information is outdated.

Proposal 3: Support updating K_offset after initial access at least by MAC-CE
· FFS: details of signaling

Proposal 4: Support UE specific TA report by MAC-CE
· FFS: details of signaling

Proposal 5: Support configuration of periodic TA report by RRC. 
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