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1. Introduction
In RAN1 meeting #104-e, the following agreements/working assumptions regarding K_offset were achieved:

Agreement:
Confirm the following working assumption:

K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

Agreement:
Update of K_offset after initial access is supported

Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 

FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.

Working assumption: 

Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

In this contribution, firstly we confirm the working assumption in RAN1 meeting #104-e. Further, we discuss K_offset related enhancements including timing relationships at gNB side, the necessity of beam-specific K_offset configuration in initial access phase, K_offset update after initial access, K_offset configuration, SFI interpretation, configured grant type 1 timing relationship and start of RAR window. 
2. Discussion

2.1. Confirm the working assumption
In last RAN1 meeting, the following working assumption is made:

Working assumption: 

Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

In TN system, take 15 kHz SCS as example, the maximum TA adjustment based on a TAC MAC CE is 32768*Tc, which is almost 16.7us. The maximum TA adjustment based on a TA indication in RAR is 3938304*Tc, which is almost 2ms. When UE receives a TA command in slot n, the application of the corresponding TA adjustment starts on slot n+k+1, as illustrated in Fig.1, where k is determined by PDSCH processing time (e.g., for obtain the TA adjustment amount by decoding a TAC MAC CE), PUSCH preparation time (e.g., to prepare TA adjustment) and the maximum TA adjustment (e.g., to reserve enough gap duration for TA adjustment).
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Fig. 1. Illustration of application of TA adjustment based on a TAC MAC CE in TN system
However, in NTN system, if the same TA adjustment rules as TN system is assumed, there may be no enough gap duration for UE to adjust TA based on a TAC MAC CE. As illustrated in Fig.2, when UE receives a TA command in slot n, if the TA or K_offset between UE UL timing and DL timing is larger than k, then it is impossible for the UE to apply the corresponding TA adjustment on slot n+k+1 since the UL slot n+k+1 occurs earlier than DL slot n for TAC transmission. Therefore, K_offset should be introduced to enhance the timeline of application of the TA adjustment based on a TAC MAC CE.
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Fig. 2. Illustration of application of TA adjustment based on a TAC MAC CE in NTN system
Proposal 1: 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.
2.2. Timing relationships at gNB side
There are three cases of satellite-gNB deployments due to the different locations of a reference point (RP).

Case 1: the RP is located at the gNB. In this case, the DL timing and UL timing are aligned at the gNB, the gNB doesn’t need to indicate the common TA, and the UE needs to compensate the time/frequency offset for both service link and full feeder link. 
Case 2: the RP is located at the satellite. In this case, the DL timing and UL timing are not aligned at the gNB, the gNB needs to indicate the common TA, and the UE needs to compensate the time/frequency offset for service link and doesn’t need to compensate feeder link.
Case 3: the RP is located on one point of the feeder link between gNB and satellite. In this case, the DL timing and UL timing are not aligned at the gNB, the gNB needs to indicate the common TA, and the UE needs to compensate the time/frequency offset for both service link and partial feeder link. 
The above three cases are important in NTN network and should be supported. In our view, a unified design should be specified for these three cases, i.e., the details of common TA indication and the potential impacts on misalignment of DL timing and UL timing at the gNB should be specified. 
On the other hand, UE implementation behaviors of timing/frequency compensation for case 1 and case 3 are more complex than that for case 2 due to additionally estimate the timing/frequency offsets for feeder link. Since the requirements of UE/gNB compensates the timing/frequency offsets for feeder link are likely to be guaranteed in RAN4 and have less impacts in RAN1 spec, we prefer to prioritize case 2 in RAN1 discussion for specification.
Proposal 2: Prioritize the case that the reference point is located at the satellite in RAN1 discussion. 
2.3. Beam-specific K_offset configuration for initial access procedure
In RAN1 meeting #103-e, it was agreed to configure at least a cell specific K_offset configuration in system information for initial access and FFS for beam specific K_offset configuration. In our understanding, it is beneficial to explicitly indicate beam-specific K_offsets in initial access phase, especially with the indication of polarization information. But beam-specific K_offsets in addition to cell specific K_offset would cause a high signaling overhead. Also, both gNB and UE need to maintain multiple K_offsets during initial access phase. In addition, when to use cell specific K_offset and when to use beam-specific K_offsets requires more standards efforts. Considering those factors, it is fine not to support beam-specific K_offsets in initial access phase.
Proposal 3: Don’t support beam-specific K_offset for initial access procedure.  
2.4. K_offset update after initial access procedure
It is understood that the K_offset is directly relevant to the RTT, which further links to the timing advance (TA). When a satellite is moving with high velocity, the RTT is time varying accordingly, so does the TA. Thus, an update on the configured K_offset should also be considered. For the K_offset updating, there are two ways in our consideration, i.e. gNB controlled and UE triggered. 
In some cases, the UE has full knowledge about its timing advance, although the granularity of the TA update is much finer than the K_offset, the UE can still judge if the configured K_offset should be updated or not. Thus, the UE can inform the gNB about the need for K_offset updating. Accordingly, the gNB can decide to update the K_offset or not. Alternatively, the gNB can envision an update on the K_offset based on the satellite velocity and location. 
Proposal 4: UE-triggered and gNB-controlled K_offset updating can be supported in RRC connect mode. 

2.5. Configuration of K_offset
During initial access phase, K_offset can be configured through SIB information, e.g., SIB1. Or considering that a NTN-SIB may be introduced to indicate at least the satellite ephemeris, the cell specific K_offset may be also configured through the NTN-SIB.
In RRC connect phase, once gNB determines to update the K_offset value either by UE reporting or gNB estimation based on the satellite velocity and location, the gNB can initiate a K_offset updating for UE to achieve a higher UE throughput/a lower transmission latency. Considering the signaling overhead, K_offset can be updated via RRC configuration or group-common DCI.
Proposal 5: K_offset can be configured in SIB1 or NTN-SIB in initial access phase, and can be updated via RRC configuration or group-common DCI in RRC connect phase. 
2.6. SFI interpretation
The timing relationship for SFI indication was discussed in previous meetings. In Rel-15, SFI monitoring can be configured in TDD or FDD cases. In FDD case, when one UE which is configured with SFI monitoring detects a SFI indication, the UE can follow the SFI indication to determine whether the higher layer configured downlink or uplink resources, e.g. configured grant resources, should be cancelled or not. The same SFI cancellation feature should be supported in NTN. However, unlike TN system, the timing offset between downlink timeline and uplink timeline from UE side is quite large, i.e., the timing offset is approximately equal to K_offset. If we follow SFI interpretation in TN system, when UE receives a SFI for an uplink BWP, the SFI would indicate the slot formats for the past timeline due to the large time advance (similar issue as Fig.2 illustration). Therefore, K_offset should be introduced for SFI interpretation for an uplink BWP, which follows a similar concept to UL scheduling timing. 
Proposal 6: K_offset should be introduced for SFI interpretation for an uplink BWP. 

2.7. Configured grant type 1 timing relationship
In previous RAN1 meeting, it was agreed that K_offset can be applied to indicate the first transmission opportunity of PUSCH in CG Type 2 configuration. A left issue is whether the same K_offset should be applied to CG Type 1 configuration. 
In our understanding, there is no need to apply K_offset to CG Type 1 configuration. For CG Type 2, the RRC configured CG resources are activated via DCI, so the valid CG resources are determined based on a relative time reference, i.e., the slot where UE receives the activation DCI. To make sure gNB knows that UE correctly receives the activation DCI, the UE needs to report ACK on the first valid CG resource. For this reason, K_offset can be applied to indicate the first valid CG resource in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH. 
However, for CG Type 1, the CG resources are configured and activated by RRC signaling based on an absolute time reference, once CG Type 1 is configured, both gNB and UE know which CG resources are the valid CG resources and there is no ambiguous issue. The UE is not required to report ACK in the first CG resource derived from the CG resource configuration. Therefore, it is not necessary to ensure that the UE must be able to transmit PUSCH in the first CG resource. Hence K offset is not needed for CG type 1.
Proposal 7: K_offset is not needed for CG Type 1 configuration. 

2.8. Start of RAR window
In RAN1 meeting #104-e, there are some discussions regarding the start of RAR window. This issue is more like a RAN2 issue and we prefer to leave the discussion to RAN2. If we want to discuss this issue in RAN1, then a unified design for all the three cases mentioned in section 2 is preferred. More specifically, since the offset between the end of PRACH transmission and the start of RAR window should cover a UE-specific RTT, the UE should be aware of its UE-specific RTT, e.g., the UE-specific TA estimated by UE and the common TA/ K_offset indicated by gNB.
Proposal 8: UE should be aware of its UE-specific TA to determine the start of RAR window. 
3. Conclusion

In this contribution, firstly we confirm the working assumption in RAN1 meeting #104-e. Further, we discuss K_offset related enhancements including timing relationships at gNB side, the necessity of beam-specific K_offset configuration in initial access phase, K_offset update after initial access, K_offset configuration, SFI interpretation, configured grant type 1 timing relationship and start of RAR window. 
The following proposals are made. 
Proposal 1: 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.
Proposal 1: Support explicit configuration of beam-specific K_offset in system information.  
Proposal 2: Prioritize the case that the reference point is located at the satellite in RAN1 discussion. 
Proposal 3: Don’t support beam-specific K_offset for initial access procedure.  
Proposal 4: UE-triggered and gNB-controlled K_offset updating can be supported in RRC connect mode. 

Proposal 5: K_offset can be configured in SIB1 or NTN-SIB in initial access phase, and can be updated via RRC configuration or group-common DCI in RRC connect phase. 
Proposal 6: K_offset should be introduced for SFI interpretation for an uplink BWP. 

Proposal 7: K_offset is not needed for CG Type 1 configuration. 

Proposal 8: UE should be aware of its UE-specific TA to determine the start of RAR window. 
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