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Introduction
A work item on Non Terrestrial Network (NTN) [1] has been started, and several agreements related to the timing relationship, including introduction of Koffset, signalling of cell specific Koffset in system information and offset for MAC CE action timing, have been made as listed in Annex C. In this contribution, further details on signaling for Koffset configuration and MAC CE action timing are discussed. 
Koffset configuration 
Introduction of Koffset was agreed in RAN1#102-e meeting to support long RTT in NTN scenarios. In RAN1#103-e, it was agreed to support at least cell specific Koffset configuration.  Conceptual illustration of timing relationship using Koffset is shown in Figure 1. 
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[bookmark: _Ref53565394]Figure 1 concept of timing relationship 
Beam specific Koffset and UE specific update of Koffset are FFS. Our view on beam specific Koffset and UE specific update of Koffset is provided below. 
Beam specific Koffset 
It was agreed that Koffset used for initial access is carried in system information and at least a cell specific Koffset configuration, which is used in all beams of a cell, should be supported. Beam specific Koffset configured in system information is FFS. A few companies support beam specific Koffset. Our view is as follows. 
For GEO and 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 these scenarios. For LEO with moving beam footprint, multiple beam per cell may be useful to reduce handover depending on the satellite beam size. 
The purpose 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). Introduction of beam specific Koffset seems not so attractive.
If beam specific Koffset need to be supported, the SIB contents should be same among SSB beams in order to minimize the specification impact. 
Proposal 1: Beam specific Koffset is not necessary. 

UE specific update of Koffset 
In the email discussion during RAN1#103e, majority view was to support UE specific update of Koffset after initial access although there was no agreement on this due to divergence of details[4]. 
Benefit of 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].
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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 would be possible by UE specific Koffset also for LEO with fixed beam footprint scenario. 
[image: ]
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 2: UE-specifically update Koffset after initial access.

Signalling for UE specific update of Koffset 
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 3: Support dedicated RRC signalling and indication of relative Koffset value via MAC CE or group common DCI.

Another signalling aspect would be potential necessity of UE report to determine appropriate Koffset for each UE. gNB need to know the RTT for each UE to determine the UE specific Koffset value. Two types of report can be considered, timing based report and location based report. 
· Timing based report 
UE reports the RTT value derived from GNSS location information. The reported RTT is RTT between the satellite and UE. gNB can derive the RTT between gNB and UE by adding the feeder link RTT (i.e. RTT between gNB and satellite) calculated based on the satellite location. Because the granularity of Koffset would be slot level granularity, the RTT value reported from UE can also be slot level granularity. Alternatively, the value can be relative value from the cell specific Koffset value to reduce the amount of signalling bits. 
· Location based report
UE reports its location information to gNB. gNB calculates the RTT between gNB and UE via satellite using satellite location and reported UE location. A rough location information would be enough because the granularity of Koffset would be slot. For example, if 1ms granularity is assumed, location information with 150km granularity would be enough (1ms RTT corresponds to 150km one-way distance). Because UE report of location information is useful for other purposes, e.g. handover control and beam management, use of location information would be preferable if available. 
Proposal 4: In order to determine UE specific Koffset, UE location report should be utilized if available. If it is not available, UE report of a coarse RTT value should be specified. 

MAC CE action timing 
Agreement on MAC CE action timing in RAN1#103-e is as follows. 
	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 NTN scenarios, DL-UL timing at gNB may not be aligned 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 used to adjust DL-UL timing difference, some degree of the DL-UL timing difference would be managed by gNB implementation. Therefore, K_mac needs to be specified for DL related MAC CE action timing (more precisely, UE action and assumption on downlink configuration indicated by MAC CE command in above agreement) in our view. Because UE doesn't know the timing relation between UL and DL, K_mac (for DL related MAC CE action timing) should be an offset from DL reception timing of PDSCH containing the MAC CE as shown in Figure 4. 
Regarding the UL related MAC CE command, when HARQ-feedback disabled process is used to transmit the MAC CE, virtually defined HARQ-ACK timing could be used to determine the UL related MAC CE action timing. The virtual HARQ-ACK timing can be based on K1 value indicated in the DCI used for the scheduling of the PDSCH which contains the MAC CE. If K1 value is not available (e.g. used for other purpose or omitted) for HARQ-feedback disabled process, minimum K1 value or pre-defined value would be used. 
For DL related MAC CE command, the MAC CE action timing is based on the K_mac configuration irrespective of HARQ-ACK timing. When HARQ-feedback disabled process is used to transmit the MAC CE, robust MCS would be used to achieve sufficiently low BLER. In this case, it would be possible to reflect the MAC CE command right after UE decoding time for the PDSCH by configuring a small K_mac value. This would be beneficial a scenario with long propagation delay like GEO. 
Proposal 5: For DL related MAC CE action timing, K_mac should be introduced. 
Proposal 6: Whether to use HARQ-feedback disabled process to transmit a MAC CE is up to network implementation. When HARQ-feedback disabled process is used to transmit the MAC CE, virtual HARQ-ACK timing based on the indicated K1 value should be used to determine the UL related MAC CE action timing. 
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[bookmark: _Ref47628028]Figure 4 Proposed timing relationship for MAC CE action timing

Conclusion
[bookmark: _GoBack]In this contribution, we discussed issues on timing relationship for NTN. The following are proposed. 
Proposal 1: Beam specific Koffset is not necessary. 
Proposal 2: UE-specifically update Koffset after initial access.
Proposal 3: Support dedicated RRC signalling and indication of relative Koffset value via MAC CE or group common DCI.
Proposal 4: In order to determine UE specific Koffset, UE location report should be utilized if available. If it is not available, UE report of a coarse RTT value should be specified. 
Proposal 5: For DL related MAC CE action timing, K_mac should be introduced. 
Proposal 6: Whether to use HARQ-feedback disabled process to transmit a MAC CE is up to network implementation. When HARQ-feedback disabled process is used to transmit the MAC CE, virtual HARQ-ACK timing based on the indicated K1 value should be used to determine the UL related MAC CE action timing. 
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Annex A
The following is the agreements on timing relationship in NTN WI. 
	Agreement in RAN1#102e
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.

Agreement in RAN1#103e
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.
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.
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