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Introduction
A work item on Non Terrestrial Network (NTN) has been started. According to the WID[1], the following is to be specified in RAN1. 
	Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



In RAN1#102-e meeting, the following was agreed. 
	Agreement:
· 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.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.




In this document, we discuss issues on timing relationship for NTN. 
Koffset configuration 
Introduction of Koffset was agreed in RAN1#102-e meeting to support long RTT in NTN scenarios. Conceptual illustration of timing relationship using Koffset is shown in Figure 1. 
[image: ]
[bookmark: _Ref53565394]Figure 1 concept of timing relationship 
It was agreed that Koffset used for initial access is carried in system information. It is FFS whether and how to update Koffset after initial access. Below, we discuss UE specific update of Koffset. 
For GEO and LEO with moving beam footprint, cell specific Koffset would be set based on the distance between satellite and the farthest location in the cell, which is constant irrespective of the satellite movement, as shown in Figure 2 (example of LEO with moving beam footprint). The scheduling delay can be reduced from above RTT between satellite and the farthest location to RTT between satellite and the UE actual location by setting the UE specific Koffset. The delay reduction is up to 20.6ms for GEO and 6.24ms/6.36ms for LEO 600km/1200km, which is twice of the maximum differential delay (i.e. propagation delay difference between nearest location and farthest location within a cell) defined in [3].
[image: ]
[bookmark: _Ref53733043][bookmark: _Ref53733033]Figure 2 Koffset for LEO with moving beam footprint
For LEO with fixed beam footprint, the distance between the satellite and the farthest location varies according to the satellite movement. As shown in Figure 3, the cell specific Koffset would be set based on the distance between the satellite position at the lowest elevation angle (i.e. satellite position at t0 in Figure 3) and farthest location in the cell. The lowest elevation angle for LEO is 10 degree according to [3]. In this case, RTT difference between the farthest location (i.e. satellite position at elevation angle 10 degree) and the nearest location (i.e. satellite position at elevation angle 90 degree) is roughly 8.8ms/12.8ms for LEO 600km/1200km respectively. Therefore, a significant delay reduction merit of UE specific Koffset is expected also for LEO with fixed beam footprint scenario. 
[image: ]
[bookmark: _Ref51860756]Figure 3 Koffset for LEO with fixed beam footprint
As the reduction merit of scheduling delay is available, we propose to support UE specific update of Koffset after initial access in all scenarios i.e, GEO, LEO with moving beam footprint and LEO with fixed beam footprint. 
Proposal 1: UE-specifically update Koffset after initial access.

Regarding the signalling for UE specific update of Koffset, the candidates would be UE specific RRC configuration, MAC CE command and/or DCI indication. For GEO, the update of Koffset is not so frequent because of static position of the satellite. Therefore, UE specific RRC configuration of Koffset would be sufficient. On the other hand, for LEO, frequent update of Koffset would be required due to the fast movement of the satellite. Therefore, it would be preferable to support MAC CE or DCI indication (UE dedicated or group common) in addition to RRC configuration in order to quickly update according to the satellite movement. 
The indication of UE specific update of Koffset should be relative indication to the current value regardless of UE specific RRC configuration in case of MAC CE command and/or DCI indication. The reason is TA value would be updated autonomously slowly based on UE location and delay path change without involvement of the network. Therefore, gNB may not know the exact current TA value but gNB knows the UE transmission can be received at certain receiver window position. By indicating the relative offset to the current value, only relative slot position is adjusted and the receiver window position at gNB within slot granularity is not required to be changed.
In RAN1#102e meeting, there was a proposal that UE derives UE specific Koffset from the TA value. Our view is as follows.  UE specific Koffset value related to the distance between satellite link would be derived by UE from GNSS location information. On the other hand, the variation of feeder link is impossible as it is related to the network implementation freedom. Therefore, we see the need of UE specific Koffset based on gNB indication.  
From above discussion, we make the following proposals. 
Proposal 2: Support indication of relative Koffset value via MAC CE or group common DCI.

It was discussed whether cell specific Koffset value is used in all beams in a cell or each beam uses a beam-specific Koffset (i.e. Koffset per SSB beam) at least for initial access. 
For LEO with fixed beam footprint, operation with one beam per cell would be suitable because handover rate is not so high compared to moving beam footprint. Therefore, beam specific Koffset would not be required for this scenario. For LEO with moving beam footprint, multiple beam per cell may be useful to reduce handover depending on the satellite beam size. 
The merit of beam-specific Koffset would be to reduce a scheduling delay in a scenario with multiple beams per cell because gNB can configure Koffset value based on longest RTT in a beam instead of cell area. In general, for larger satellite beam size (i.e. larger cell area), more reduction gain can be obtained. On the other hand, operation with one beam per cell would be sufficient for scenarios with large satellite beam size. Furthermore, if Koffset is UE-specifically updated, scheduling delay can be adjusted to each UE’s RTT. Therefore, the situation that would benefit from the beam specific Koffset is limited to transmissions during initial access (i.e. before RRC configuration). If beam specific Koffset is implemented such that SIB contents can be different among different SSB/beams, it would cause a significant impact on SIB reception handling, introduction of beam specific Koffset seems not so attractive. 
Proposal 3: Beam specific Koffset is not supported. 

MAC CE action timing 
In TR38.821, the MAC CE action timing for NTN is described. The offset, Koffset, is added to the equation to define the slot timing the MAC CE command is applied. In NR Rel.15/16, MAC CE action timing is defined as 3 slots after HARQ-ACK transmission slot. In RAN1#102e meeting, it was identified that, due to the long propagation delay in NTN scenarios, MAC CE action timing for UL related command and DL related command respectively needs to be discussed. Our view is provided below.  
For MAC CE related to UL like SRS resource configuration, the UE should reflect the MAC CE command after 3 slots after HARQ-ACK transmission for the PDSCH containing the MAC CE as in TN in order to have MAC CE processing time at UE. gNB receives the UL transmission after the reception of the HARQ-ACK for the PDSCH containing the MAC CE. Therefore, gNB can use the HARQ-ACK reception to determine whether the MAC CE command is applied at UE. 
On the other hand, for MAC CE related to DL like TCI states activation, if the UE reflects DL status at 3 slots after the HARQ-ACK transmission, the timing gNB receives the HARQ-ACK can be later than the UE MAC CE reflection of the DL status due to the propagation delay. In such case, gNB is not able to use HARQ-ACK reception to determine whether the MAC CE command is applied to DL status. In order to allow gNB to use HARQ-ACK reception to determine whether the MAC CE command is applied to DL status, the MAC CE reflection timing for DL status should be later than the timing gNB receives the HARQ-ACK. On the other hand, it would be also possible to rely on a robust transmission for PDSCH containing MAC CE in spite of the inefficiency. In this case, the MAC CE reflection timing of DL status is not required to be later than the timing gNB receives HARQ-ACK as gNB may assume MAC CE command is applied at UE. Our suggestion is to allow gNB to use HARQ-ACK reception to determine whether the indicated MAC CE command is applied to DL status. Therefore, we propose that the MAC CE reflection timing of DL status is after the timing gNB receives HARQ-ACK.
Figure 4 illustrates the proposed MAC CE reflection timing. For UL related MAC CE, the UE reflects it 3 slots after HARQ-ACK transmission to PDSCH containing the MAC CE (i.e. timing (b) in the figure). For DL related MAC CE, the UE reflect it after the propagation delay of DL transmission at 3 slots after gNB reception of the HARQ-ACK (i.e. timing (a) in the figure). 
In NTN, DL-UL timing difference at gNB may be introduced due to feeder link delay which is basically unknown to UE and can vary according to satellite movement in case of LEO. Even if cell specific TA offset is introduced to adjust DL-UL timing difference [4], some degree of the DL-UL timing difference would be managed by gNB implementation. Therefore, UE doesn't know the timing relation between UL and DL. Therefore, DL related MAC CE action timing should be based on an offset from DL reception timing of PDSCH containing the MAC CE. It is FFS how to determine the offset e.g. indicated as new RRC parameter or derived from Koffset discussed in section 2. 

[image: ]
[bookmark: _Ref47628028]Figure 4 Proposed timing relationship for MAC CE action timing

Proposal 4: 
[bookmark: _GoBack]- MAC CE action timing related to UL transmission should be 3 slots after HARQ-ACK transmission slot for the PDSCH containing the MAC CE. 
- MAC CE action timing related to DL status should be defined based on an offset from the reception timing of PDSCH containing the MAC CE. 

Conclusion
In this contribution, we discussed issues on timing relationship for NTN. The following are proposed. 
Proposal 1: UE-specifically update Koffset after initial access.
Proposal 2: Support indication of relative Koffset value via MAC CE or group common DCI.
Proposal 3: Beam specific Koffset is not supported. 
Proposal 4: 
- MAC CE action timing related to UL transmission should be 3 slots after HARQ-ACK transmission slot for the PDSCH containing the MAC CE. 
- MAC CE action timing related to DL status should be defined based on an offset from the reception timing of PDSCH containing the MAC CE. 
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