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1 Introduction

The following agreements were made in RAN1 103e meeting [1]:
Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.

Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.

· FFS: Beam specific K_offset configured in system information and used in initial access.

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.

Conclusion:

The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.

Agreement:
Denote by K_mac a scheduling offset other than K_offset:

· If downlink and uplink frame timing are aligned at gNB: 

· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 

· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.

· If downlink and uplink frame timing are not aligned at gNB: 

· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 

· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.

· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.
In this contribution, we present the discussions on the timing relationship enhancement.
2 Discussion
Timing relationship options

During the SI [2], two timing relationships options are identified. The DL timing and UL timing for the gNB is aligned for option 1 as illustrated in the left part of Fig 1. In this option, UE needs to apply a large TA to compensate the propagation delay. While UE applies a UE specific differential TA and gNB applies a common TA offset for option 2 as illustrated in the right part of Fig 1.
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Figure 1: Illustration of two identified timing relationship options [2]
The parameter K_offset is introduced for the UL transmission timing. The configuration of the K_offset depends on the timing relationship options. In the transparent payload case, the total transmission delay is consist of both the service link delay and feeder link delay. Option 1 requires full timing compensation. UE can hardly be aware of the location of the gateway on the ground, thus it is necessary that gNB informs UEs of at least the feeder-link delay. Option 2 only requires a UE specific differential timing compensation at the UE side. This can be achieved by UE calculating the UE-specific transmission delay towards the reference point minus the common transmission delay. The impact on the change of timing relationship at the UE side due to the quick movement of the satellite especially in the LEO case as well as the possible feeder link switch is less for option 2. 
Configuration of K_offset
For K_offset configured in system information and used in initial access, it is agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. However as indicated in [2], the max differential delay within a cell is up to 3.12ms, 3.18ms and 10.3ms for LEO600KM, LEO1200KM and GEO cases respectively. A satellite may operate on multiple beams, in order to reduce the difference of the transmission delays for the UEs within the same coverage of a beam, it is suggested to support beam-specific K_offset configuration.
After the initial access, the value of K_offset need to be updated. The TA value keeps changing especially for LEO deployment, the configured K_offset may not be able to track the change of the TA. Thus it is preferred to configure a common K_offset to the UEs. 
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Figure 2: Illustration of common K_offset configuration

The K_offset value is distinct for different cases. For example, in the transparent payload case, the K_offset can take a value up to tens of milliseconds for a LEO case while up to hundreds of milliseconds for a GEO case if full TA compensation is applied at the UE side. In order to have a unified signaling design, the interpretation of the configured value can be subject to different cases. Moreover, for the unit of the K_offset, as the K_offset applies to several DL/UL operations which are numerology dependent, it is suggested that the K_offset is configured with the unit of millisecond.
Proposal 1: K_offset configured on a per beam basis should be supported.

Proposal 2: It is preferred to have common signaling to update the K_offset.

Proposal 3: The K_offset is configured with a unit of millisecond.

Extension of K1/K2

Extension of K1/K2 was discussed in previous meetings [3]. It can bring the following benefits:

· Migrate the close/near UE issue

After the initial access phase, due to the movement of the satellite, it is necessary to update the K_offset value. If common signaling is introduced to update the K_offset value. The K_offset is common for the UEs in the same beam or cell. However, the UEs that is close to the satellite may experience longer delay if common K_offset is applied. In this sense, the modification on the range of K1 and K2 can be considered. Further, this can also reduce the frequency of updating the K_offset value and thus reduce the signaling overhead.
· Support of 32 HARQ process
The maximum supported number of HARQ processes is extended to 32, it is natural to extend the K1/K2 value to enable flexible scheduling and HARQ feedback.

Proposal 4: Extension of K1/K2 should be supported.
SFI timing relationship
The dynamic indication of slot formats via DCI format 2_0 is supported in Rel-15. However, the use of dynamic SFI may leads to complex design on the cross-link interference avoidance in NTN scenarios. Thus, it is preferred dynamic SFI indication is not supported in NTN scenarios.
Proposal 5: The enhancement on the SFI timing relationship is not supported
3 Conclusions

In this contribution, we present the discussion on the timing relationship for the NTN scenario. Based on our analysis, we have the following proposals:
Proposal 1: K_offset configured on a per beam basis should be supported.

Proposal 2: It is preferred to have common signaling to update the K_offset.

Proposal 3: The K_offset is configured with a unit of millisecond.

Proposal 4: Extension of K1/K2 should be supported.
Proposal 5: The enhancement on the SFI timing relationship is not supported
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