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1. Introduction
[bookmark: _Hlk49429056]In RAN1#104e, the following agreements were achieved as potential enhancement for NR-NTN [1]:
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.
In this contribution, remaining issues on timing relationship enhancement are further discussed including initial signaling and update of K_offset, extension of K1, and MAC CE timing relationship, etc.
1. Initial signaling and update of K_offset
2.1 K_offset in initial access
According to the agreement achieved in RAN1#103e [1], although for initial access, cell-specific K_offset is workable, beam-specific K_offset will further reduce the latency for accessing. As elaborated in [2], Figure 1 illustrates that in order to enable the supports for all UEs within the target cell or beam with less frequency to update (i.e., related to the signaling overhead for SIB), the determination of K_offset should be done by assuming the worst case. 
[image: ]
[bookmark: _Ref61294096]Figure 1 Illustration of the determination of K_offset
Such situation will be even worse for satellite with steering beam since the larger K_offset will occur once the minimum elevation angle for serving link is achieved. If only the K_offset determined in a cell specific is supported for initial access, larger latency will be expected for most of UEs within the cells allocated at different beams, especially for the case with multiple larger beams per cell. 
Proposal 1: Beam specific K_offset configured in system information should be supported for UE in initial access procedure.
2.2 K_offset update after initial access
If beam-specific K_offset is adopted during initial access, updates of K_offset in beam specific way can also be applied after the initial access stage without to specify additional procedure due to the change of UE status, e.g., before or after initial access. 
Additionally, if only support cell specific K_offset during initial access, then, updates of the K_offset is surely needed to reduce the scheduling offset for normal UL transmission. For example, update to a UE specific value of K_offset based on a value of reported TA. In this case, the TA information for the each UE should be well known at network side, which require to support additional methods to enable the TA reporting on following cases:
1. TA report during the initial access: Enabling TA report during the initial access stage can provide early optimization on the scheduling. The applied TA value can be reported to network via Msg-A or Msg-3 directly.
2. TA report after the initial access: Due to the movement of satellite and UE, changes of TA is expected. And the continuous TA report is preferred to ensure the timing relationship for scheduling. Then, periodic reporting of the TA can be supported. 
Proposal 2: For 2-step RACH, a refined value of K_offset can be directly configured for a UE if corresponding TA is conveyed in the Msg-A transmission.
Proposal 3: To enable the updates of K_offset, the TA report should be supported.
Proposal 4: Value of UE specific K_offset can be determined based on a reported TA.
2.3 Signalling overhead of K_offset
Apart from the mechanism for indication/updates, the unit of the value of K_offset is also important for saving signaling overhead. For example, different unit (e.g. slot, frame) for K_offset can be considered for different cases, e.g., GEO/LEO. For GEO scenario, if the maximum RTD as 541.46 ms, K_offset can indicate the integer portion as 541 ms, which would need 10 bits overhead in the unit of ms. While once the value 541.46 is quantized as frame, say 540 ms, then only 6 bits are needed and the signaling overhead can be reduced [2]. The benefits on signalling overhead reduction will be significant if the UE-specific updates is supported via additional high layer signaling, e.g.MAC CE, for numerous UEs in a large serving area. Then, the flexible unit of the value of K_offset can also be considered.
Proposal 5: Flexible unit of the K_offset should be considered for both initial and update K_offset. 
1. Impact on DCI for extension of K1 
For the uses case of ATG/TDD, as agreed in [3], whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI, needs further analysis. In this case, to enable the flexibility scheduling, supports on the dynamic indication of more K1 value is preferred. More specifically, such value has impacts on resource allocation for ACK-NACK feedback. With indication of more K1 value, it will lead to more concentrated allocation of PUCCH, and corresponding UL performance can also be guaranteed. 
Proposal 6: For unpaired spectrum, in case of HARQ feedback of more than 8 continuous DL transmission in a UL slot, current DCI need to be enhanced.
1. MAC CE timing relationship
4.1 MAC CE activation/deactivation 
For MAC CE timing relationship, an agreement has been achieved in RAN1#103 meeting [1], but the assumption of whether DL-UL aligned at the gNB or not still needs further discussion. 
· DL-UL aligned at the gNB
DL-UL aligned at gNB is preferable, which is just same as NR. In this case, full TA (including feeder link, service link) is executed, so gNB may need to indicate feeder link delay/common TA for the UE’s calculation of feeder link portion TA.
· DL-UL aligned at the satellite
If DL-UL aligned at satellite is assumed, complicated implementation will be expected at gNB, i.e., time-variant timing offset should be considered for the gNB’s scheduling and transmission/reception. In this case, for MAC CE DL configuration, K_mac may be signalling to a UE.
Proposal 7: For the enhancement on timing relationship, DL-UL aligned at gNB is preferred to be prioritized.
4.2 MAC CE of timing advance command
Timing advance command is considered as an exceptional MAC CE timing, whose timing of activation does not started 3ms after a HARQ-ACK transmission e.g., which is denoted as in the spec. 
In this case, considering receiving the timing advance command on the uplink slot n, which is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming [4], while when TA is actually processed for logic slot n at UE’s UL timeline, corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot n+k+1+K_offset, where [image: ], NTA,max is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits. Therefore, the working assumption can be confirmed.
Proposal 8: Confirm the working assumption on MAC CE of timing advance command.
1. Start of Msg2/MsgB RAR window 
In last meeting, expected value of the offset to monitor the RAR window was discussed. According to the existing spec, it can be found that the timing for RAR monitoring is mainly up to the UE’s determination based on configuration.
In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. 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. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-ResponseWindow. 
In NTN case, for addressing the impacts of larger RTT, the pre-compensation on the TA is introduced for the UL transmission including preamble. In this way, it means that the UE will have full information on the whole propagation delay (including service link RTD, feeder link RTD), and it’s able to delay the reception of RAR response properly based on the transmission of PRACH as shown in Figure 3, which is also aligned with existing specification.
[image: ]
[bookmark: _Ref68263982][bookmark: _Ref11026]Figure 3 The timing for RAR monitoring in NTN scenarios
Meanwhile, if there is concerns on the accuracy for the self-calculation on the TA at UE side, which will up to RAN4 decision based on the agreement in last meeting, the minimum RTT within one service cell can also be preferred to postpone the RAR reception. Furthermore, in this way, if the maximal differential delay within one cell is larger than RAR window length, further extending of this window can be considered. W.r.t other options for using the maximal RTT, it’s not preferred due to the increased latency for Msg-3 transmission.
Proposal 9: UE specific RTT or minimum RTT can be used to delay the reception of Msg2/MsgB RAR following the existing mechanism. Extension of RAR window can be considered for the later one.
1. Others
In last meeting, following issues are also listed in [5] for discussion including: 
· Configured grant type 1
For this CG type 1 scheduling, even though a large scheduling offset is required, e.g., extend via a value of K_offset, this value can be absorbed by the parameter of pre-configuring the time resource, such as SFN number, slot number, as well as symbol number.
· PDCCH order PRACH
According the existing spec, w.r.t the transmission of PRACH initialized by PDCCH [4]:
“The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index(DCI 1_0) value for the indicated SS/PBCH block index in the first available mapping cycle.”
In this way, if the available PRACH occasion within first available mapping cycle is closed to the DL reception timing, it will not suitable for the transmission of PRACH with pre-compensation on the TA and for NTN case, corresponding PRACH occasion based on the first mapping cycle will become unavailable”. In this case, to address the impact of larger RTT, instead of introduction of K_offset, it should be clarified that as common understanding that the selection of available PRACH occasion should take into the account the impact of TA adjustment for NTN case. 
Proposal 10: It should be clarified that the impact of TA is considered into selection on PRACH occasion.
· DCI 2_0 scheduled SFI
According the existing spec, w.r.t the DCI 2_0 scheduled SFI [4]:
“A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0.”
W.r.t the this issue, from perspective of indication of slot format changes, even in NTN with larger RTT, this mechanism still works since the indication will be applied after the reception of this value. However, w.r.t the following-up scheduling, the impacts of RTT, e.g., larger K_offset, should be applied. And in this way, some of “UL slots” will not be available for UL transmission scheduling. In this case, additional enhancement to introduce the K_offset can be considered if optimization on the resource usage is prioritized. 
[bookmark: _GoBack]Proposal 11: Enhancements on the timing relationship for SFI indication can be considered for optimization on the resource usage in following-up scheduling.
1. Conclusions
In this contribution, further discussion on signaling of K_offset and specific additional timing cases is conducted with following proposals: 
Proposal 1: Beam specific K_offset configured in system information should be supported for UE in initial access procedure.
Proposal 2: For 2-step RACH, a refined value of K_offset can be directly configured for a UE if corresponding TA is conveyed in the Msg-A transmission.
Proposal 3: To enable the updates of K_offset, the TA report should be supported.
Proposal 4: Value of UE specific K_offset can be determined based on a reported TA.
Proposal 5: Flexible unit of the K_offset should be considered for both initial and update K_offset. 
Proposal 6: For unpaired spectrum, in case of HARQ feedback of more than 8 continuous DL transmission in a UL slot, current DCI need to be enhanced.
Proposal 7: For the enhancement on timing relationship, DL-UL aligned at gNB is preferred to be prioritized.
Proposal 8: Confirm the working assumption on MAC CE of timing advance command.
Proposal 9: UE specific RTT or minimum RTT can be used to delay the reception of Msg2/MsgB RAR following the existing mechanism. Extension of RAR window can be considered for the later one.
Proposal 10: It should be clarified that the impact of TA is considered into selection on PRACH occasion.
Proposal 11: Enhancements on the timing relationship for SFI indication can be considered for optimization on the resource usage in following-up scheduling.
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