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Based on NTN Chairman's Notes 102-e [1], there are some agreements on timing relationship of NTN as follows, and some FFS points are also mentioned. 
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.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.

In this contribution, we further analyzed related technical issues and presented our views on UE/gNB timing relationship, scheduling offset indication and MAC CE timing.

Discussion 

K_offset definition clarification
Due to longer propagation delay in NTN scenarios, an additional parameter K_offset is introduced to compensate additional latency. The use cases that require K_offset of the same or different values have been identified as below.
· 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.

For above listed cases, the K-offset is used to compensate the timing offset between DL indication and UL signal transmission. Hence, it is related to TA compensation. As a result, K-offset length is determined by time reference point configuration of TA compensation, so if the time reference point is set in satellite, the K-offset is equal to service link TA, or K-offset is equal to the whole RTD in case that the time reference point is set in gNB.
For MAC CE timing, the timing offset between DL and UL is totally different, in which the timing relationship is relevant to the whole RTD, rather than TA offset. We need to clearly separate these two different use cases.
Furthermore, if other cases should be defined with one offset to compensate DL and UL timing difference, it can’t be mixed also. K-offset indication is only related to TA compensation, rather RTD indication. Then system information indication for K-offset should have dedicated high layer parameter, rather than mixed with RAR window indication. 
Proposal 1: K_offset should be linked to TA compensation offset, rather than the whole RTD length. 

K_offset indication
According to previous meeting discussion, the K_offset can be explicitly or implicitly signaled in system information. However, based on section 2.1 discussion, K-offset is related to TA compensation offset, in which exact value of K-offset is linked to service link delay or service link delay plus feeder link delay. Explicit indication for K-offset will be more flexible, no need to be bundled with other parameters. For example, even common TA is not needed for TA compensation, but some companies wanted to enforce the relationship between K-offset and common TA.
To reduce signaling overhead of system information，K_offset can be notified within per-cell based on the SIB. If indicated with beam specific way, one drawback is increased overhead, and another issue is how to define system information signalling. In Rel-15, system information is identical for all beams, so if beam specific system information is used, it breaks out the Rel-15 framework, or it will enforce gNB to broadcast all beam specific K-offsets in system information. Hence, beam specific indication for K-offset can be avoided, and if considering K-offset accurate indication, one cell associated with one beam can be defined, rather than one cell linked to multiple beams for RRC_IDLE UE.
Regarding the K_offset updating indication, there will have different methods. If RRC signaling is used, the network needs to monitor TA change of each user in one cell, as a result, the signalling overhead and implementation efforts would be one big burden. In addition, considering the movement of the LEO satellite, K_offset notified by RRC signaling needs to be updated quickly and additional complexity is out of control. gNB is required to get exact TA information for massive users and maintain scheduling offset under fast satellite moving.
Considering the signaling overhead of K_offset updating and the complexity of gNB behaviors after initial access, it is preferable for UE to report its estimated TA to help gNB to update the K_offset. Hence, at least for LEO case, updating the K_offset should be disabled.
Proposal 2: The K_offset should be explicit signaled in system information according to different scenarios.
Proposal 3: The values of K_offset can be notified within per-cell based on the SIB.
Proposal 4: There is no need to update the K_offset after initial access.

Extension of value ranges of K1 and K2
K1 and K2 are just uplink and downlink scheduling parameters, not time delay parameters related to large beam and cell coverage. NR NTN can have very large beam/cells (i.e. larger than ATG). UE needs to advance its transmission timing to accommodate satellite RTD. gNB need to have same understanding of time offset applied by the UE, which can be based on K_offset as discussed in section 2.1 and 2.2. 
In our view, introducing the K_offset to ensure the time delay problem in uplink and downlink timing scheduling is enough. The schedule timing adaptation in NTN has been resolved by the K-offset, hence, expanding K1/K2 is not necessary. 
Proposal 5: Expanding K1/K2 is not necessary.

MAC CE timing relationship
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 . 
Regarding the value of T, there are two options as shown in the Figure 4.
Option 1: UE assumes MAC CE command is active T ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command, where T=X.
Option 2: UE assumes MAC CE command is active T ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command, where T = X + RTD.
Notes: 1) MAC CE command is active X ms after the end of the slot configured for HARQ ACK transmission corresponding to a received PDSCH carrying the MAC CE command.
2) UL slot n is that when UE assumes gNB received HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.


Figure 1: the time of MAC CE command activates 
From the above figure, Option 1 is simpler, but it ignores the fact that HARQ ACK for MAC CE is used to achieve synchronization between gNB and UE. So it only works for the case when the frame timing between UL and DL are aligned at the gNB, i.e. there will be no misunderstanding between the gNB and UE regarding the activation timing. Otherwise it may lead to different assumptions between gNB and UE. 
Option 2 is more aligned with existing MAC CE framework, allowing for synchronization between gNB and UE about the MAC CE. And the parameter X = 3 from NR can be reused in NTN.
Proposal 6: For the MAC CE action timing, the parameter T should be equal to 3+RTD in NTN.

Conclusion
In this contribution we analyzed timing relationship issues in NTN. 
We proposed:  
Proposal 1: K_offset should be linked to TA compensation offset, rather than the whole RTD length. 
Proposal 2: The K_offset should be explicit signaled in system information according to different scenarios.
Proposal 3: The values of K_offset can be notified within per-cell based on the SIB.
Proposal 4: There is no need to update the K_offset after initial access.
Proposal 5: Expanding K1/K2 is not necessary.
Proposal 6: For the MAC CE action timing, the parameter T should be equal to 3+RTD in NTN.
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