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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#102-e meeting, the following agreements were achieved on timing relationship enhancements for NR-NTN [1], 
	[bookmark: _Hlk49429056]Agreement:
· [bookmark: _Hlk54019259]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:
[bookmark: _Hlk53997190]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.
· [bookmark: _Hlk53997829][bookmark: _Hlk54004509]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 timing relationship and enhancements for NR-NTN.
2. Discussion
The propagation delay in NTN can be up to hundreds of milliseconds, which is much larger than that in terrestrial networks [2]. As discussed in [2], Koffset needs to be introduced to enhance the timing relationships of DL-UL interaction. In the following, we provide our analysis on MAC CE timing relationship and how to configure Koffset.
2.1. MAC CE timing relationship
The MAC CE timing relationship was discussed in the Rel-16 SI phase. Furthermore, the timing relationship enhancement on MAC CE action timing is unclear.
[bookmark: _Hlk54015688]In terrestrial networks, due to short propagation delay, gNB and UE would have the same understanding of MAC CE activation/deactivation timing. However, in NTN, larger TA due to long propagation delay will cause misunderstanding of MAC CE activation/deactivation timing between gNB and UE. Meanwhile, two different TA schemes were discussed in the Rel-16 SI phase. For TA scheme 1, the UE applies a large TA and gNB's DL and UL frame timing are aligned. For TA scheme 2, UE applies a UE specific differential TA and a common TA offset in the gNB's DL and UL frame timing. The two TA schemes may also cause different understanding of the MAC CE activation/deactivation timing between gNB and UE. As shown in Figure1 to Figure 4 below, with different TA schemes and different type of MAC CE, the understanding of MAC CE activation/deactivation timing is given.

[bookmark: _Hlk54013119] Figure 1. Downlink configuration indicated by the MAC CE command with TA scheme 1

 Figure 2. Downlink configuration indicated by the MAC CE command with TA scheme 2

 Figure 3. Uplink configuration indicated by the MAC CE command with TA scheme 1

 Figure 4. Uplink configuration indicated by the MAC CE command with TA scheme 2
In Figure 1 and Figure 2, MAC CE command indicates an action in DL or an assumption on the downlink configuration. According to Figure 2, due to the common TA offset for gNB's DL and UL frame timing in TA Scheme 2, gNB and UE have inconsistent understandings of MAC CE activation/deactivation timing. Hence, in order to be consistent with the understanding of gNB, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command, and the value of Y is the common TA offset in the gNB's DL and UL frame timing. 
[bookmark: _Hlk54016168]In Figure 3 and Figure 4, MAC CE command indicates to the UE about an action in UL or an assumption on the uplink configuration. It can be observed that there is no strong DL-UL timing relationship here, gNB and UE can easily have the same understanding that MAC CE command is activated. Hence, the UE assumes the command is activated in the UL slot (at UE side) , where the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command. 
Proposal 1: For a MAC CE command indicates to the UE about an action in DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command, and the value of Y is the common TA offset in the gNB's DL and UL frame timing.
Proposal 2: For a MAC CE command indicates to the UE about an action in UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
2.2. Configuration of Koffset
In previous RAN1 meeting, it was agreed that Koffset used in initial access is carried in system information. Nonetheless, there are still some issues were left behand yet. Based on the agreement, in this section, cell-specific configuration of Koffset for all beams and/or beam-specific configuration of Koffset, and whether Koffset needs to be updated after initial access are discussed.
[bookmark: _Hlk54009290]In terrestrial networks, beamforming is used to improve the coverage. At the same time, due to the limitation of hardware, gNB is unable to send multiple beams simultaneously to cover the whole cell. Hence, NR introduced SS burst set to solve coverage problem. The gNB can send the SSB in the SS burst set and relevant system information to search for each beam. In NTN, as for cell-beam mapping, there are two solutions under discussion, one solution is one beam per cell, and the other one is multiple beams per cell. If there is only one beam in a cell, the beam-specific Koffset can be equivalent to the cell-specific Koffset. And if there are multiple beams in a cell, the scheme of terrestrial networks can be reused. In order to ensure the coverage of the whole cell, the gNB in NTN also needs to send SSB and system information on different beams. Hence, the Koffset in system information sent by each beam can be determined in beam-specific manner.
As discussed above, cell-specific Koffset is just one special case of beam-specific Koffset. And the beam-specific Koffset is expected to support both of satellite cell-beam mappings. Moreover, once a single cell is covered multiple beams, the value of the cell-specific Koffset will be very large which is expected to align the timing of all UEs. Compared to the cell-specific Koffset, the value of the beam-specific Koffset will be significantly reduced, thus effectively reducing the payload size in system information. Meanwhile, latency of RACH process for users in beam with smaller round trip delay will also be significantly reduced.
Proposal 3: For Koffset used in initial access, beam-specific Koffset is supported.
In addition, the cell-specific Koffset is also required. For example, CSI-RS is used to beam measurement and link failure recovery. UEs need to obtain the information of all beam-specific Koffset to perform beam measurement and reporting, which will lead to very large overhead. Another example is group-based scheduling, if different UEs belong to different beams in a UE group, then UEs under different beams have different understandings of scheduling information due to different beam-specific Koffset values.
Proposal 4: In NTN, cell-specific Koffset should also be supported.
[bookmark: _Hlk54004608]After initial access procedure, there is no need to update the value of Koffset. Although UE specific Koffset determination can further save the waiting time of the UE with smaller round trip delay. However, once the UE or the satellite moves, the UE specific Koffset needs to be updated accordingly, which will lead to large overhead.
Proposal 5: After initial access procedure, there is no need to update Koffset if beam-specific Koffset is used in initial access procedure.
3. Conclusion
In this contribution, some issues on timing relationship enhancements for NR-NTN have been discussed, and the proposals made are summarized as below:
Proposal 1: For a MAC CE command indicates to the UE about an action in DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command, and the value of Y is the common TA offset in the gNB's DL and UL frame timing.
Proposal 2: For a MAC CE command indicates to the UE about an action in UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
Proposal 3: For Koffset used in initial access, beam-specific Koffset is supported.
Proposal 4: In NTN, cell-specific Koffset should also be supported.
Proposal 5: After initial access procedure, there is no need to update Koffset if beam-specific Koffset is used in initial access procedure.
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