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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 and the following agreements were made in [1]- [6],
[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.
[bookmark: _Hlk56149827]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.
· 
Agreement:
Confirm the following 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.
Agreement:
· Update of K_offset after initial access is supported
Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.

Working assumption: 
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
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

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

Agreement:
Confirm the following working assumption:
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

Agreement:
When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.

Agreement:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.

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

Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

Agreement
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement
The information of K_mac is carried in system information.

Agreement
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.

Agreement
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.

In this contribution, we discuss the timing relationship enhancements for NTN.
Discussion
It has been agreed that the UE-specific K_offset can be provided and updated by network with MAC CE. Due to the fast movement of the LEO satellites, the K_offset values should be updated constantly and in such a case MAC CE is more suitable for such scenario. However, RRC reconfiguration might be suitable for GEO satellites since K_offset does not need to be updated frequently. Therefore, both signaling options should be supported. In order to save signaling overhead, the first K_offset value can be signaled with full value, but for the following K_offset value update offset values of the first K_offset value can be signaled instead.
Proposal 1: For updating K_offset after initial access, RRC reconfiguration should be supported and offset values of the first K_offset value can be signaled for update to save signaling overhead.
The propagation delay for cell center UE and cell edge UE is quite different. However, an unique K_offset value is broadcasted either implicitly or explicitly to all UE. In this regards, the initial value of K_offset should be chosen considering the worst case, i.e., cell edge UE. In addition, it should be noted that the slot duration depends on numerology, so that K_offset values can be different for different numerologies. For defining value range(s) of K_offset, there are two options. The value of K_offset can be quite different for GEO and LEO due to different distance between satellites and UE. It is not efficient to use the same value range for both GEO and LEO since the range can be unnecessarily large and thus cause inefficient signaling overhead. Therefore,  the value range of K_offset should be different for GEO and LEO.
Proposal 2:  For defining value range(s) of K_offset, different value ranges of K_offset should be defined for different scenarios.
During the last meeting, what should be included in the UE reporting for the UE specific TA pre-compensation was also discussed and both full value and differential value reporting have been proposed. Considering the value range of differential UE specific TA could be much smaller than that of full value and thus the signaling overhead could be significantly reduced, differential reporting should be supported. Regarding the reporting frequency, the reporting can either be initiated by the network or the UE in event triggering manner or periodic manner.
Proposal 3:  At least for uplink scheduling adaptation, the differential value of UE specific TA should be included in the UE reporting information and the following reporting mechanisms should be supported,
· Event triggered, 
· Network request, 
· Periodic.
It has been agreed that the new parameter K_offset can be introduced to handle the large propagation delay in NTN and it can be carried in system information. However, there are still two key issues that need to be addressed:
· Whether K_offset should be carried in system information in explicit or implicit manner?
· Whether K_offset should be further configured per beam?
K_offset values can be easily derived from broadcasted information, such as common TA value. In addition, the resources that can be used for system information are limited and explicit configuration and signaling K_offset in system information, especially when multiple K_offset values for different procedures are needed, could potentially cause large signaling overhead. Therefore, implicit signaling of K_offset values should at least be supported.
In addition, per cell configuration of K_offset has been agreed as the baseline. However, considering the extremely large cell coverage for satellites, especially for GEO satellites, per beam configuration of K_offset can be further supported. As mentioned previously, in the case of implicit signaling, K_offset is derived from broadcasted information, such as common TA value. If common TA value is also configured per beam as shown in the below figure, there won’t be any issues. 
[image: ]
Fig.1 Per beam K_offset and common TA 
However, if the common TA value is configured per cell, per beam K_offset cannot be derived from the per cell common TA and there could be some issues as shown in the below figure. In such a case, the satellite can calculate per beam K_offset but for UE per beam TA information is not available so that it cannot derive per beam K_offset implicitly. In such a case, per beam K_offset needs to be carried in system information explicitly. However, without changing the current TA value configuration, we can consider only carry the difference between the per cell K_offset that can be derived implicitly from the per cell common TA value by the UE, and the per beam K_offset calculated by the satellites to reduce the signaling overhead. 
[image: ]
Fig.2 Per beam K_offset and per cell common TA
Proposal 4: Per beam K_offset configuration should be supported.
Conclusions 
In this contribution, we discussed the timing relationship enhancements for NTN. Our proposals are summarized below.
Proposal 1: For updating K_offset after initial access, RRC reconfiguration should be supported and offset values of the first K_offset value can be signaled for update to save signaling overhead.
Proposal 2:  For defining value range(s) of K_offset, different value ranges of K_offset should be defined for different scenarios.
Proposal 3:  At least for uplink scheduling adaptation, the differential value of UE specific TA should be included in the UE reporting information and the following reporting mechanisms should be supported,
· Event triggered, 
· Network request, 
· Periodic.
Proposal 4: Per beam K_offset configuration should be supported.
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