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The objective related to NTN is as following:
The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

And RAN1 related part is as following:
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


The timing related relationship cited in TR 38.821 is as following:

· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH can be modified to be .
●	For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
●	For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
●	For the MAC CE action timing, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot , where the value of  may depend on NTN UE capability and may not necessarily be equal to . How to determine the value of  is for further study.
●	For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
●	For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
The values of  may be different for each of the identified timing relationships that need to be modified for NTN.
The values of  can be per beam or per-cell. It is for further study whether  is derived from broadcast information or is signalled by higher layers. The possibility of extending the range K1 and/or K2 beyond what is supported in NR Rel-15 can be further discussed when the specifications are developed.

In this contribution, we discuss the issues related to timing relationship.
2 Discussion
A satellite usually generates multiple footprints by different Tx beams, which corresponds to different geographical coverage area on the earth. To mitigate interference between adjacent footprints, different frequency domain resources are adopted. The different frequency domain resources can be different carriers or different BWPs. For decrease signaling overhead and latency when the associated footprints changes, different BWPs are more preferable. In this case, change of associated footprint can be constructed within the physical layer beam management framework. An example association between BWP/beam/cell id and footprint is shown in Fig 1.


Fig 1. Association between footprint and cell/beam
Due to large propagation delay in NTN network, there is at least slot/symbol level misalignment between DL Rx frame at UE side and UL Tx frame at UE side. To provide enough Tx-Rx transition time, the absolute duration between DL RX and UL Tx at UE side should be comparable to that of NR system (e.g. 1ms, 4ms, etc). While n is determined by the DL Rx time domain index, and n+K1+Koffset is determined by the UL Tx time domain index and Koffset should be at least two times of the propagation delay in the NTN network. 
For a footprint corresponding to a geographical coverage area, different UEs located in different coverage areas have different Koffset values due to different propagation delay. To save signaling overhead, it is preferred that Koffset is determined based on a reference point in a coverage area, and difference between UE location and the reference point is indicated by K1. So the Koffset should be indicated per beam, and larger values of K1 should also be defined in specification to capture the larger difference between UE location and the reference point.
Proposal 1: Support per beam indication of Koffset.
Proposal 2: Support extending the range of K1 value.
Regarding whether broadcast signaling or dedicated signaling for Koffset indication, as when a UE’s position is not accurate enough based on GNSS and gNB unware of TA information, UE needs common Koffset information in the RACH procedure (e.g. for msg3 transmission), so it is preferred that Koffset is at least indicated by broadcast signaling.
Proposal 3: At least broadcast signaling is supported. Dedicated higher layer signaling can be FFS.
The formula of n+K1+Koffset is applied for dynamic scheduled PUSCH/SRS/CSI reporting/transmission. There are also some periodic uplink PUSCH/SRS/CSI transmission, e.g. configured grant PUSCH, periodic SRS, periodic CSI reporting on PUCCH. For these uplink transmissions, whether uplink can be performed depends on the slot format. While due to large propagation delay and transparent payload satellite type in NTN network, there is misalignment between DL and UL frame boundary even after compensation of TA value. The reason is that only differential TA is applicable for the transparent payload case. In this case, some of UL transmission at the ending of a slot may fall into the next slot at gNB side. If per slot scheduling is preferred from scheduler point of view, legacy slot format will restrict the scheduling flexibility. So it is preferred to introduce some slot format ending with F, or introduce some mechanism to shift the U symbols at the ending of a slot.
Proposal 4: Study enhancement on slot format due to large propagation delay and transparent payload.
3 [bookmark: _GoBack]Conclusion
In this contribution, we discussed the issues related to NTN timing relationship, and our proposals are as following:
Proposal 1: Support per beam indication of Koffset.
Proposal 2: Support extending the range of K1 value.
Proposal 3: At least broadcast signaling is supported. Dedicated higher layer signaling can be FFS.
Proposal 4: Study enhancement on slot format due to large propagation delay and transparent payload.
4 References
TR 38.821 v16.0.0
RP-201256, RANP#88e, “Solutions for NR to support non-terrestrial networks (NTN)”
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