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Introduction
In RAN1 #102-e, the following agreement has been made as a progress for the timing relationship enhancement for NTN [1]: 

[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.
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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: _Hlk528874692]In this contribution, we discuss on the remaining issues on timing relationship enhancement for NTN.
Discussion
K-offset for MAC-CE action timing.
In RAN1 #102e, it has been agreed that K-offset is introduced to handle a large TA value or PUSCH, PUCCH, CSI, and A-SRS but it is still under discussion whether the K-offset has to be supported for MAC-CE action timing.
The following two options have been discussed:
· Option-1: UE assumes MAC CE command is active X ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command
· Option-2: UE assumes MAC CE command is active Y ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command, where Y = X + K-offset
The Option-1 is current UE behavior in NR terrestrial network and simpler as it doesn’t require standards impacts assuming the value X=3. On the other hand, with a huge round trip propagation delay, Option-1 will result in different MAC CE action time between UE and gNB. For example, when the associated HARQ-ACK is reported in slot n for a MAC CE, the UE may apply the received MAC CE from the slot n+X; while at the time of slot n+X, gNB has not received HARQ-ACK from the UE due to the delay. Thus, gNB may not apply the MAC CE until it receives HARQ-ACK from the UE. The Option-1 may work if MAC CE is received error-free; however, the MAC CE is transmitted via PDSCH and its target BLER is even higher than PDCCH. Therefore, there will be an ambiguity period during which UE and gNB are not synchronized for the latest MAC CE.
The Option-2 seems to be a safer option although it increases delay to apply MAC CE since both gNB and UE can apply the MAC CE at the same time and the gNB can make sure if UE received the MAC CE correctly before it applies the MAC CE for a subsequent scheduling.
Note that MAC CE uses for beam indication/update of downlink channels (PDCCH, PDSCH), therefore a UE may not be able to receive any downlink channel during the ambiguity period if the gNB and UE assume different beam for a beam indication due to different MAC CE action time between gNB and UE. This may lead to frequent triggering of beam failure recovery unnecessarily.
Proposal 1: support K-offset for MAC-CE action timing

K-offset for initial access
In order to guarantee UE processing time for UL transmission or measurement reporting with very large timing advance in NTN, K-offset has been agreed to be introduced as an additional minimum scheduling offset for PUSCH, HARQ on PUCCH, A-SRS, and CSI reporting. Since the K-offset is added to compensate TA, a cell-specific K-offset value which is applicable for all of the UEs in the cell (or beam) has to be indicated for initial access. Note that UE-specific TA value is unknown to the network during the initial access as Rel-17 UEs will compensate the UE-specific TA value for PRACH transmission, thus using UE-specific TA as K-offset is not feasible. Therefore, in RAN1 #102e, the K-offset information for initial access has been agreed to be carried in system information although it is still open whether it is explicitly signaled or implicitly derived from other parameters in the system information (e.g., common TA if supported).
A couple of options for K-offset determination for initial access were discussed in the previous RAN1 e-meeting. The options seem to fall under one of following two alternatives:
· Alt-1: K-offset value is independently determined/indicated from common TA (e.g., explicit or implicit) in the system information
· Alt-2: K-offset value is determined based on common TA (if supported) indicated in system information
Although both common TA and K-offset are used to compensate the round trip delay in NTN, it is not necessarily the same value for common TA and K-offset. For example, if a common TA is indicated, which may be corresponds to just feeder link delay while the K-offset could include both worst case service link delay and feeder link delay.
Proposal-2: K-offset value is independently determined/indicated from common TA in the system information (Alt-1)
Within the Alt-1, there are still multiple options based on the indication method (e.g., explicit or implicit) and the target area (e.g., per cell, per beam). It is simpler and more flexible to indicate the K-offset explicitly so that there is no dependency with other parameters in the system information. 
For the issues related to whether the K-offset is per cell or per beam, the cell-specific K-offset could increase latency for initial access in the case that the cell size is significantly larger than a beam size, it is beneficial to support beam-specific K-offset to reduce the latency. Even with the beam specific K-offset, up to 20ms RTT differences can be experienced between two UEs in the cell. Therefore, if a cell includes multiple beams, the initial access latency could be reduced if the K-offset value is indicated per beam.
Proposal-3: support explicit indication of K-offset and beam-specific K-offset indication

K-offset update after initial access
As discussed above, the RTT difference between UEs in the same beam could be as large as 20ms in GEO and 6ms in LEO. Without updating K-offset which is commonly indicated for all UEs in a cell/beam, the latency will be increased unnecessarily for the UEs near the satellite. Therefore, it is desirable to update the K-offset value which was based on worst case delay to  a UE-specific delay after the initial access in order to reduce the latency.
Although UE-specific K-offset is beneficial to reduce latency, it shouldn’t be mandated to use always as it will increase the signalling overhead. Therefore, it should be up to network whether UE-specific K-offset is used after initial access or common K-offset is used without update.
Proposal-4: support to update the K-offset to a UE-specific delay after initial access and it is up to the network to use UE-specific K-offset
Summary
In this contribution, we discussed on remaining issues on the timing relationship such as the details of K-offset. Based on the discussion, we propose the following: 

Proposal 1: support K-offset for MAC-CE action timing
Proposal-2: K-offset value is independently determined/indicated from common TA in the system information (Alt-1)
Proposal-3: support explicit indication of K-offset and beam-specific K-offset indication
Proposal-4: support to update the K-offset to a UE-specific delay after initial access and it is up to the network to use UE-specific K-offset
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