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1 Introduction

The following agreements were made in RAN1 105-e meeting [1] on the timing relationship enhancements:

Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot [image: image2.png]subframeq 4 g
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, where µ is the SCS configuration for the PUCCH.

Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 
Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 

· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  [image: image4.png]Tra = (Nta+ Nravge—specific + NTacommon + Ntaofset) X T




. The estimate of gNB-satellite RTT is equal to the sum of [image: image6.png]Ntacommon X Te



 and K_mac.  How to treat [image: image8.png]
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 can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.

Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.
Agreement:
The K_offset value signaled in system information is always used for

· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH

· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI

· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI

· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI

· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI

· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI

FFS: how to treat additional transmission timings related to fallback DCI formats 

FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported

In this contribution, we present the discussions on the timing relationship enhancement.
2 Discussion
K_offset in initial access
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.

In last meeting, it is agreed to down-select from the two options below to determine the cell-specific K_offset in system information. The K_offset in system information can be used in initial access.
· Option 1: Signal one offset value for K_offset

· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values

A single value is informed to UEs and applied in the initial access phase for option 1. While for option 2, a first value offset_1 is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value offset_2 is expected to cover RTT of service link. 
From the signaling overhead aspect, 1 bit signaling overhead is saved if the offset_1 is coupled with the common TA for option 2 compared to option 1. However, it is not preferred to have the association between offset_1 and other parameters as the update of other parameters will cause the unnecessary change of the K_offset. In the other hand, the K_offset may need to be updated after initial access phase, whether the signaling overhead reduction can be still expected is dependent on the detailed design such as absolute value/relative value. 
From the complexity and standard impact aspect, we don’t see much difference between option 1 and option 2.

Proposal 2: It is slightly preferred to signal one single value to determine the cell-specific K_offset in system information.
Update of K_offset
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. 
In RAN1 104b-e meeting, for updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE

FFS: Other options

The option used to update the K_offset is highly dependent on the updating frequency. During the discussion in last meeting, it seems to have common understanding that:

 •
For GEO, both cell-specific and UE-specific K_offset updates can be rare.

•
For LEO with earth moving cells, cell-specific K_offset update can be rare, while UE-specific K_offset update may be carried out, e.g., once every seconds.

•
For LEO with earth fixed cells, both cell-specific and UE-specific K_offset updates may need to be more often. Cell-specific K_offset update can be done via system information update. UE-specific K_offset update may be carried out, e.g., once every seconds.

As NTN covers many scenarios, GEO, MEO, LEO, HAPS, and ATG, it is preferred to support RRC + MAC CE. It is up to gNB’s implementation to select the proper signaling to update the K_offset.
Proposal 3: Both RRC and MAC CE are supported 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. 
In NR design, the value of K1 is indicated by PDSCH-to-HARQ_feedback timing indicator field in DCI. For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK which supports a number of up to 8 entries. 
In order to support the extension of K1, some changes such as explicit or implicit indication are needed. Several options are proposed in [3]:
1) Option 1: Introduce fixed or configurable offset for fallback DCI 1_0
2) Option 2: Configure two sets of K1 values and use slot index of scheduled PDSCH to signal which K1 set is used
3) Option 3: Reinterpret the PDSCH-to-HARQ_feedback timing indicator field for K1 indication
4) Option 4: max # of RRC configured K1 values is increased from 8 to 16 and the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits in non-fallback DCI 1_1/1_2

For the fallback DCI, it is preferred to keep the bit-length of PDSCH-to-HARQ_feedback timing indicator field unchanged. Configured offset can be added to indicated value to support the extended K1 range. For the non-fallback DCI, option 4 can be considered to avoid limiting the scheduling flexibility.
Proposal 4: The bit-length of PDSCH-to-HARQ_feedback timing indicator field in the fallabck 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 slightly preferred to signal one single value to determine the cell-specific K_offset in system information.
Proposal 3: Both RRC and MAC CE are supported to update the K_offset.

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