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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#105-e meeting, the following agreements were achieved on timing relationship enhancements for NR-NTN [1].
	[bookmark: _Hlk61428717]Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

Agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported


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 views on configuration of K_offset in initial access, update of K_offset after initial access and some other timing related aspects for NTN.
2.1. K_offset in initial access
In previous RAN1 e-meetings, it was agreed that at least the cell specific K_offset is used in initial access, and beam specific K_offset configured in system information and used in initial access should be further studied. In NTN, one cell might be configured with multiple beams, and the diameter of each beam can be up to hundreds of kilometers. Hence, the value of cell-specific K_offset will be quite large which is expected to align the timing for all UEs under the serving cell. Although the UE in the cell center with smaller RTD than edge UEs, the gNB still has to wait a long time to receive corresponding UL transmission due to the cell-specific K_offset. Compared to the cell-specific K_offset, beam-specific K_offset can reduce the scheduling delay for initial access to achieve lower access latency.
Proposal 1: Support beam-specific K_offset for initial access.
In RAN1 #104b e-meeting, the following agreement on cell-specific K_offset in system information had been achieved [3].
	Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link


For Option 1, it indicates the value of cell-specific K_offset directly in system information, which provides configuration flexibility. Compared to Option 1, signaling overhead may be reduced in Option 2 since the first offset value corresponds to common TA could be reused. But based on the discussion in the last meeting, only 1 bit can be saved if Option2 is adopted, which is negligible. In the meanwhile, Option 2 results in more complexity for UE implementation and more specification impact. Hence, the Option 1 is preferred.
Proposal 2: Support to signaling one offset value for K_offset (Option 1) in system information.
2.2. Update of K_offset
[bookmark: _Hlk61377057]In RAN1 #104b e-meeting, the following agreement on updating K_offset after initial access had been achieved [3].
	Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options


In GEO or LEO with earth moving scenario, the maximum RTD for a satellite is almost unchanged. Therefore, in these scenarios, if beam-specific K_offset is supported, the K_offset just needs to updated from the cell-specific K_offset to beam-specific K_offset after the initial access, or every time beam switching or handover occurs. In general, the K_offset updates can be rare in these scenarios. Compare to MAC CE, the RRC reconfiguration can be broadcast to UEs, the signaling overhead can be reduced. Hence, RRC reconfiguration is more suitable in these scenarios.
In LEO with earth fixed scenario, due to the rapid movement of the satellite, the RTD changes quickly. Compared with the GEO or LEO with earth moving scenario, the K_offset is updated much more frequently. Compare to RRC reconfiguration, MAC CE is a quicker network indication with lower latency. Hence, the update of K_offset value by MAC CE can be able to ensure K_offset updating more timely.
In summary, either RRC reconfiguration or MAC CE could be used to update K_offset value, the signaling of updating K_offset after initial access can be determined by gNB.
Proposal 3：Support both MAC-CE and RRC reconfiguration for the update of K_offset.
2.3. On K1 range extension
In TDD systems, it is necessary to reserve enough GP (Guard Period) to avoid overlap of DL and UL slot. The length 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. Since currently the DCI field can only support 8 different K1 candidates, the flexibility of scheduling is quite limited. Increase the number of K1 candidates is a direct way to avoid higher scheduling. In order to minimize spec impact, extending the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4 can be considered.
Proposal 4: Support to extend the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4.
2.4. Beam failure recovery timing relationship

[bookmark: OLE_LINK1]The beam failure recovery timing relationship is described in TR 38.213. For PRACH transmission in slot n, the UE monitors PDCCH starting from slot  within a window configured by BeamFailureRecoveryConfig. Similar with the downlink MAC CE, due to the common TA offset in the gNB's DL and UL frame timing, gNB and UE would have misalignment on the beginning of the window where UE monitors PDCCH. Hence, the K_mac can be introduced to enhance the timing relationship of PDCCH monitor in beam failure recovery.
Proposal 5: Support to introduce the K_mac for enhance the timing relationship of PDCCH monitor in beam failure recovery.
[bookmark: _Hlk78732387][bookmark: _Hlk78816200]Furthermore, when a UE receives a first PDCCH in the dedicated search space set configured for beam failure recovery, it would reset its PUCCH transmission beam based on the newly identified beam after 28 symbols after the last symbol of the PDCCH. Due to the large propagation delay, the gNB and UE may have misalignment on the PUCCH transmission beam. In RAN2 #114 e-meeting, UE-specific TA reporting was agreed to be supported. Based on the UE-specific TA, gNB would have awareness of the transmission beam used by UE. Hence, the timing enhancement for beam reset for PUCCH in beam failure recovery is not needed, which can be left to network implementation.
Proposal 6: Not support to enhance the timing enhancement of beam reset for PUCCH in beam failure recovery.
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:
Proposal 1: Support beam-specific K_offset for initial access.
Proposal 2: Support to signaling one offset value for K_offset (Option 1) in system information.
Proposal 3：Support both MAC-CE and RRC reconfiguration for the update of K_offset.
Proposal 4: Support to extend the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4.
Proposal 5: Support to introduce the K_mac for enhance the timing relationship of PDCCH monitor in beam failure recovery.
Proposal 6: Not support to enhance the timing enhancement of beam reset for PUCCH in beam failure recovery.
References
[1] 3GPP RAN1 105-e meeting, chairman’s notes.
[2] TR 38.821, “Solutions on NR to support non-terrestrial networks”.
[3] 3GPP RAN1 104b-e meeting, chairman’s notes.
image1.wmf
4

+

n


oleObject1.bin

