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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#103-e meeting, the following agreements were achieved on timing relationship enhancements for NR-NTN [1].
	[bookmark: _Hlk56149827][bookmark: _Hlk61428717]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.

Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.

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 this contribution, we provide our views on timing relationship and enhancements for NR-NTN.
2. Discussion
[bookmark: _Hlk61429655]The propagation delay in NTN can be up to hundreds of milliseconds, which is much larger than that in terrestrial networks [2]. As discussed in [2], K_offset needs to be introduced to enhance the timing relationships of DL-UL interaction. In the following, we provide our analysis on configuration of K_offset, and recognition of other timing relationship enhancements case.
2.1. Configuration of K_offset
In previous RAN1 meeting, it was agreed that at least the cell specific K_offset is used in initial access. One satellite can provide tens or hundreds of beams. If a single cell is covered by multiple beams, the value of cell-specific K_offset will be very large which is expected to align the timing of all UEs served by the cell. Although the UE in the center of the cell with smaller RTD, the gNB still needs to wait a long time for receiving corresponding UL transmission.
Compared to the cell-specific K_offset, the value range of the beam-specific K_offset will be significantly reduced, especially the beam in the center of the cell, which effectively reduces the signaling overhead which carrying the value of K_offset. Meanwhile, the scheduling timing will be decreased correspondingly. Therefore, updating the initial cell-specific K_offset to a suitable smaller value is beneficial.
Proposal 1: After initial access procedure, support updating K_offset from cell-specific to beam-specific.
In addition, the cell-specific K_offset is also required even after the initial access procedure. For example, CSI-RS is used for beam measurement and link failure recovery. UEs need to obtain the information of all beam-specific K_offset to perform beam measurement and reporting, which will lead to very large overhead. 
Proposal 2: In NTN, cell-specific K_offset should also be supported even after the initial access procedure.
For GEO or LEO with moving cells, a beam-specific K_offset for a beam or a cell-specific K_offset for a cell can stay the same value. For LEO with earth fixed cells, the value of the K_offset will change due to the moving of satellite. When a satellite is deployed, the trajectory of the satellite is basically unchanged. Therefore, the change of K_offset caused by the satellite movement is predictable. Hence, the gNB can determine the value of K_offset through the satellite trajectory. For example, K_offset can be determined by the elevation between the satellite and the apogee of the cell or beam.
Proposal 3: The update of K_offset should be triggered by gNB.
2.2. Value range of K1
[bookmark: _Hlk61377057]In TDD systems, it is necessary to reserve enough GP (Guard Period) to avoid overlap of DL and UL slot. The value of GP is depending on the size of the cell. In NTN, according to [2], the maximum satellite beam size (edge-to-edge) can be up to 200 km for UAS platform, and there may be multiple beams in one cell. To reduce the resource used as a GP, there will be more contiguous DL slots in one frame. In this kind of frames, there is some possibility that some DL slots could not be scheduled due to lack of available HARQ-ACK feedback resource, due to exceeding the indication range of K1.
On the other hand, it’s agreed that the maximal supported HARQ process number is up to 32 in RAN1#102-e meeting [3]. All of 32 HARQ processes feedback can be multiplexed in a HARQ-ACK codebook by extending K1 value up to 32. 
Proposal 4: Support to extend the range of K1 value.
2.3. Configured grant timing relationships
When using configured grant type 1, a transmission occasion starts when the following equation is satisfied:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeReferenceSFN-r16 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
	(1)


Configured grant type 1 involves the DL-UL timing interaction. The main problem is how to align the first available resource in NR CG type1 between gNB and UE. For other timing relationship in NTN, K_offset is being introduced. Hence, K_offset could be also introduced to equal (1), just like the other timing relationship enhancements case.  However, the value of parameters e.g., timeReferenceSFN-r16, timeDomainOffset, is configured by gNB, the value of K_offset can be included in these parameters by gNB. In this way, we can reuse the same mechanisms of NR CG type 1 as Rel-15/16 and support to left the maintenance of timing relationship to network implementation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: For Configured Grant Type 1, the maintenance of timing relationship should be left to network implementation.
2.4. Start of Msg2/MsgB RAR window
The start of Msg2/MsgB RAR window is described in TR 38.312 as follows,
	Section 8.2, TS 38.213 – 4-step RACH:
[bookmark: _Hlk61434373]… The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Clause 10.1. …
Section 8.2A, TS 38.213 – 2-step RACH:
… The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set. …


According to the description above, we think TA is not considered and assumed to be zeros on the start of Msg2/MsgB RAR window. Although a pre-compensation of TA is applied at UE for PRACH transmission, the pre-compensation of TA may be not accurate. If TA is considered on the start of Msg2/MsgB RAR window, the start of Msg2/MsgB RAR window would be behind the transmission of RAR grant, once the pre-compensated TA is larger than the UE's actual propagation delay. 
Observation 1: TA is not considered and assumed to be zeros in the existing TS 38.213 spec text on the start of Msg2/MsgB RAR window.
The start of Msg2/MsgB RAR window is based on the time of the PRACH transmission. Due to the large propagation delay in NTN, a timing offset should be also applied to the start of ra-ResponseWindow.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The timing offset that applied to the start of ra-ResponseWindow is different from the K_offset in other timing relationship enhancements case. It could not be configured by gNB that applied to all UEs in the beam or the cell. An example is shown in Figure 1 and 2, assumed that UE 1 is in the center of cell, and UE 2 is in the edge of the cell. CORESETs could be in slot n-1, n+2 and n+4. As shown in the below, the propagation delay is 2 slots for UE 1, and 4 slots for UE 2. In Figure 1, it’s assumed that the timing offset configured by gNB that applied to the start of ra-ResponseWindow is 4 slots. For UE 1, the start of ra-ResponseWindow may be later than the RAR grant transmission. In Figure 2, it’s assumed that the timing offset configured by gNB that applied to the start of ra-ResponseWindow is 2 slots. For UE 2, the end of ra-ResponseWindow may be earlier than the RAR grant transmission. 
In our view, the timing offset that applied to the start of ra-ResponseWindow should be determined by the RTD per UE. If gNB provided the propagation delay of feeder back link to UE, UE can estimate the RTD between gNB and UE. Hence, UEs can autonomously determine the timing offset based on the RTD.


Figure 1: A fixed timing offset configuration by gNB.


Figure 2: A fixed timing offset configuration by gNB.
Proposal 6: A timing offset is applied to the start of ra-ResponseWindow in NTN.
Proposal 7: The value of the timing offset that applied to the start of ra-ResponseWindow is determined by UE.
3. Conclusion
In this contribution, some issues on timing relationship enhancements for NR-NTN have been discussed, and the proposals made are summarized as below:
Observation 1:   TA is not considered and assumed to be zeros in the existing TS 38.213 spec text on the start of Msg2/MsgB RAR window.
Proposal 1: After initial access procedure, support updating K_offset from cell-specific to beam-specific.
Proposal 2: In NTN, cell-specific K_offset should also be supported even after the initial access procedure.
Proposal 3: The update of K_offset should be triggered by gNB.
Proposal 4: Support to extend the range of K1 value.
Proposal 5: For Configured Grant Type 1, the maintenance of timing relationship should be left to network implementation.
Proposal 6: A timing offset is applied to the start of ra-ResponseWindow in NTN.
Proposal 7: The value of the timing offset that applied to the start of ra-ResponseWindow is determined by UE.
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