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Introduction
One of the RAN1-lead objectives in the NTN WID [1] is timing relationship enhancements for NTN. The timing relationship enhancement is related to introducing an additional time offset to compensate the large propagation delay in NTN. A list of topics regarding timing relationship enhancements was discussed [2]. The following agreements have been made in RAN1 #102-e meeting [3].

[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.

In this contribution, we provide our views on the topics of the additional timing relationships that require Koffset, as well as the details of Koffset in initial access and after initial access.  
Discussion
It was agreed [3] that  used in initial access is carried in system information. It is open whether the  is implicitly or explicitly signaled in system information. The explicit signaling of  via system information is preferred.

It is open whether the  is cell specific or beam specific. It is agreed [3] that both one-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN. If beam specific  is carried in system information, then the signaling overhead for the system information is large in the multiple-beam per cell deployment. In other words, the system information will carry multiple , one per beam. Hence, we prefer a cell specific  used in initial access. 

Proposal 1: A cell specific  is used in initial access. This cell specific is explicitly indicated in system information.

The time offset  is introduced for UE’s downlink-uplink timing interaction, which is aimed to compensate the large propagation delay in NTN. Due to large cell size, the propagation delay of UEs in a NTN cell can have large variation. For example, the maximum differential delay in a GEO-based cell is up to 10.3 ms [4]. The cell specific time offset  used in initial access is not accurate for each individual UE. Considering the maximum value of  or  in NR is 15 slots or 32 slots, a cell specific time offset  used together with  and  is unable to match the maximum differential delay. Hence, we prefer to introduce a UE specific or a beam specific time offset  after initial access. 

Proposal 2: A UE specific or a beam specific  is used after initial access. 

A UE specific or a beam specific  may need to be updated, e.g., due to satellite movement. In NGEO scenarios, the timing drift rate is up to 40 s/s. For example, the timing advance value changes 1 ms every 25 seconds. Considering that maximum value of  or  is 15 or 32 slots respectively, a UE specific or a beam specific  needs to be updated frequently in order to ensure  or , together with , is able to indicate a proper uplink slot. The signaling overhead is large in case a dedicated RRC message is used to update UE specific . Hence, we have the following proposal.

Proposal 3: RAN1 strives to reduce the signaling overhead of updating .

In terrestrial network, the MAC CE activation timing is the first slot after slot , where UE transmits HARQ-ACK for the MAC CE command in UL slot . In general, the time gap between an UL slot and a DL slot of the same slot index is equal to timing advance (TA). Since the TA value is relatively small in terrestrial network, there is no big difference of activating MAC CE at UL slot  or at DL slot .

However, the TA value is large in NTN. Based on the extensive discussions on MAC CE activation timing in RAN1 #102-e meeting [2], it seems beneficial to consider the MAC CE activation timing separately for UL MAC CE command and DL MAC CE command.

For an UL MAC CE command, a UE sends HARQ-ACK for the MAC CE command in UL slot and activates the MAC CE command also in UL slot. There is no uplink-downlink timing interaction. Hence, the legacy 3 ms gap is re-used for the UE to process the MAC CE command. Here, the time offset  is not applied. 

Proposal 4: On MAC CE timing relationship, UE assumes UL MAC CE command is activated 3 ms after it transmits HARQ-ACK corresponding to a received PDSCH carrying the UL MAC CE command.

For a DL MAC CE command, a UE sends HARQ-ACK for the MAC CE command in UL slot and activates the MAC CE command in DL slot. Hence, there exists an uplink-downlink timing interaction, in which the time offset  plays a role. Specifically, for DL MAC CE timing relationship, UE assumes MAC CE command is activated  ms after it transmits HARQ-ACK corresponding to a received PDSCH carrying the DL MAC CE command. The value  is equal to , where is the absolute time converted from  and  is less than 3 ms corresponding to gNB’s processing time for activating the MAC CE command. 

Proposal 5: On MAC CE timing relationship, UE assumes DL MAC CE command is activated Y ms after it transmits HARQ-ACK corresponding to a received PDSCH carrying the DL MAC CE command. The value Y is equal to, where  is the absolute time converted from  and X is less than 3 ms.

Type 1 configured grant is configured and activated by RRC (i.e., ConfiguredGrantConfig). In type 1 configured grant, the N-th uplink grant occurs in the symbol for which  

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).

In the formula, the time reference SFN is based on the downlink timing. Considering the downlink-uplink timing interaction, we think  should be introduced to the timing relationship for type 1 configured grant. It can be further studied whether  is contained in the type 1 configured grant configuration, or whether  is additionally applied to type 1 configured grant.

Proposal 6: Introduce  to the timing relationship for type 1 configured grant.

Conclusion
In this contribution, we provided our views on timing relationship enhancement for NTN. Our proposals are as follows: 

Proposal 1: A cell specific  is used in initial access. This cell specific is explicitly indicated in system information.

Proposal 2: A UE specific or a beam specific  is used after initial access. 

Proposal 3: RAN1 strives to reduce the signaling overhead of updating .

Proposal 4: On MAC CE timing relationship, UE assumes UL MAC CE command is activated 3 ms after it transmits HARQ-ACK corresponding to a received PDSCH carrying the UL MAC CE command.

Proposal 5: On MAC CE timing relationship, UE assumes DL MAC CE command is activated Y ms after it transmits HARQ-ACK corresponding to a received PDSCH carrying the DL MAC CE command. The value Y is equal to, where  is the absolute time converted from  and X is less than 3 ms.

Proposal 6: Introduce  to the timing relationship for type 1 configured grant.
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