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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#102e, the agreements related to timing relationship in NTN is as following:
[bookmark: _Hlk49429056]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.

[bookmark: _Hlk49428996]Agreement:
For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.

In this contribution, we discuss the issues related to K_offset for different cases and the signaling of K_offset.
2 Discussion
2.1 K-offset for different cases
For DL to UL transition, such as PDCCH scheduling PUSCH/A-SRS/HARQ feedback, the delay between DL and UL will be derived by twice the propagation delay between gNB and UE. 
For UL to DL transition, such as MAC CE activation delay, the delay between UL and DL is impacted by both the gNB UL-DL timing shift and whether the delay is an absolute time domain delay (e.g. several ms) or an relative logical delay (e.g. several slots/symbols).
The absolute time domain delay is applied in initial access procedure, such as the delay between PRACH transmission and RAR monitoring can be determined based on twice the propagation delay between gNB and UE.
The relative logical delay can be applied in RRC connected state. It will be impacted by the gNB UL-DL timing shift especially for transparent payload NTN network. An example is shown in Fig 1. 
In Fig 1, the one-way propagation delay between gNB and UE is 4 symbols, and TA is 6 symbols (e.g. the TA is compensated with only partial feeder link delay ), so the gNB UL-DL timing shift is 2 symbols (4*2-6=2). When UE performs uplink transmission in symbol#8 with respect to UL Tx timing, the gNB will receive the corresponding uplink transmission in symbol#8 with respect to UL Rx timing. In this case the absolute time domain difference between Tx and Rx is 4 symbols, which equals the one way propagation delay. As the time domain difference between UL Tx timing and UL Rx timing is also 4 symbols, the symbol index with respect to UL Tx timing and UL Rx timing is same. So if the symbol#8 in UL Tx timing is used for transmission of A/N for the MAC CE command, the gNB is received the corresponding A/N at symbol#8 in UL Rx timing. If there are 3 symbols processing delay at gNB, the corresponding MAC CE command can be considered to be activated at symbol#11 with respect to UL Rx timing, and symbol#13 with respect to DL Tx timing, as there are 2 symbols gNB UL-DL timing shift. For UE side, symbol#13 with respect to DL Rx timing can be considered to be activated.
It can be concluded that the DL to UL delay is determined by twice the propagation delay. The UL to DL delay is determined by twice the propagation delay without effective TA, such as initial access procedure. The UL to DL delay is determined by the gNB UL-DL timing shift for transparent payload NTN network with effective TA, such as RRC connected state. 
Proposal 1: MAC CE activation delay is determined by the gNB UL-DL timing shift.


Fig 1. D to U application delay

There are also discussions regarding the application delay of DCI 2-0. If uplink slot/symbols are indicated by DCI 2-0, this is DL to UL transition, so the application should be determined by twice the propagation delay between gNB and UE.
Proposal 2: DCI 2-0 application delay should be determined by twice the propagation delay between gNB and UE if uplink slot/symbol is indicated by DCI 2-0.
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 indicated by DCI 2-0. There may be gNB UL-DL timing shift even after compensation of TA value for 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, some slot/symbols at the ending of the periodicity/slot should be indicated as F to avoid transmission falling into the next periodicity/slot. So it is preferred to introduce some slot format ending with F, or introduce some mechanism to shift the U slot/symbols at the ending of a periodicity/slot.
Proposal 3: Consider slot format ending with several F slot/symbols.
2.2 Signaling of K-offset
A satellite usually generates multiple footprints by different Tx beams, which corresponds to different geographical coverage area on the earth. In this case, change of associated footprint can be constructed within the physical layer beam management framework. An example is shown in Fig 2.


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 4: Support per beam indication of Koffset.
Proposal 5: Support extending the range of K1 value.
The Koffset  indication in broadcast signaling or RRC signaling depends on the UE status and scenarios. When a UE’s position is not accurate enough based on GNSS and gNB unaware of TA information, UE needs common Koffset information in the RACH procedure (e.g. for msg3 transmission), so it is preferred that Koffset is indicated by broadcast signaling, and the Koffset is indicated in explicit way instead of implicit derived from other parameters, as implicit derivation imposes constraints on the gNB scheduling. After UE enter to CONNECT mode, dedicated RRC signaling can be indicated to refine the K-offset value or applied combined with multiple reference points.
Proposal 6: The Koffset  indication in broadcast signaling or RRC signaling depends on the UE status and scenarios.
3 Conclusion
In this contribution, we discussed the issues related to NTN timing relationship, and our proposals are as following:
Proposal 1: MAC CE activation delay is determined by the gNB UL-DL timing shift.
Proposal 2: DCI 2-0 application delay should be determined by twice the propagation delay between gNB and UE if uplink slot/symbol is indicated by DCI 2-0.
Proposal 3: Consider slot format ending with several F slot/symbols.
Proposal 4: Support per beam indication of Koffset.
Proposal 5: Support extending the range of K1 value.
Proposal 6: The Koffset  indication in broadcast signaling or RRC signaling depends on the UE status and scenarios.
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