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1 Introduction

The following agreements were made in RAN1 104e meeting [1] on the timing relationship enhancements:

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, 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.


 INCLUDEPICTURE "cid:image002.jpg@01D59F16.7BC2D280" \* MERGEFORMAT 
[image: image1.jpg]gNanL.II ]IIHIIHIIHlll

Deluy

UEDLITA.JIIHIIHIHHIIHI
UEUL.\IIHII[HIIHIIHI

Delay

-.—..
ENBUL!IIHIIHII.!IHIII\

NB DL-UL frame timing shift






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 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. The configuration of K_offset can be carried in the system information. however, if the signaling overhead is a concern, it can be carried in the MSG2.
Proposal 1: Beam-specific K_offset configuration during the initial access should be supported.

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. It is necessary to update the value of K_offset based on the transmission delay. The update of the K_offset can be triggered either by the UE or by the gNB. In one alternative, gNB can trigger the update of the K_offset based on the UEs’ reporting. In the other one alternative, UE can also adjust its K_offset based on the timer. UE side triggering have the benefits to save the signaling overhead while the gNB side triggering can guarantee the robustness. If explicit signaling is used to update the K_offset, it is preferred that the K_offset is updated in a group-common way to save the signaling cost.
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Figure 2: Illustration of common K_offset configuration

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

Extension of K1/K2

In RAN1 104e meeting, it was agreed that for unpaired spectrum, extend the value range of K1 from (0..15) to (0..31). The main motivation to support the extension of K1 is to support the contiguous DL slots in specific TDD deployment scenario. However, it is beneficial for FDD system supporting the extension of K1 as 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.

In NR design, the value of K1 is indicated by PDSCH-to-HARQ_feedback timing indicator field in DCI. In order to support the extension of K1, some changes such as explicit or implicit indication are needed. Our preference is to avoid the increase of the bit-length of PDSCH-to-HARQ_feedback timing indicator field in the DCI.
Proposal 3: For paired spectrum, extend the value range of K1 is supported.
Proposal 4: The bit-length of PDSCH-to-HARQ_feedback timing indicator field in the DCI is kept unchanged.
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: Beam-specific K_offset configuration during the initial access should be supported.

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

Proposal 3: For paired spectrum, extend the value range of K1 is supported.

Proposal 4: The bit-length of PDSCH-to-HARQ_feedback timing indicator field in the DCI is kept unchanged.
Proposal 5: The enhancement on the SFI timing relationship is not supported
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