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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
To cope with the long propagation delay in NTN, the following timing related parameters were introduced in RAN1 and RAN2, and relationships among these parameters are illustrated below in Figure 1: 
K_offset: In RAN1#102-e, it was agreed that K_offset needs to be introduced to enhance the timing relationships involving DL-UL timing interaction [1].
Common TA: In RAN1#103-e, it was agreed that the network broadcasts a common timing offset value, i.e., common TA [2]. The implication of common TA would need some further discussion. As explained in our companion paper, common TA can be equal to RTD between satellite and a RP (reference point).
K_mac: In RAN1#103-e, it was agreed that for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, a scheduling offset K_mac is needed [2].
RAR window offset: In RAN2#111-e, it was agreed that an offset for the start of the ra-ResponseWindow will be introduced [3].
[image: ]
Figure 1 Relationship between different timing related parameters 
Based on above, in RAN1#104-e, some further agreements were reached [4]:
[bookmark: _Hlk56149827]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.
· 

In this contribution, we discuss the signaling details of K_offset for initial access, update of K_offset after initial access and some other timing related aspects for NTN.
[bookmark: _Ref129681832]Discussion
K_offset in initial access
Signaling of K_offset 
To avoid unnecessary signaling redundancy, it is preferred that the K_offset can be implicitly determined based on other timing related parameters carried in the system information. As discussed in our companion contribution [5], a common timing offset is indicated to determine the TA for Msg1/MsgA transmission, deriving K_offset from the common timing offset is a straightforward and reasonable solution:
K_offset = ⌈ TA_common/slot_duration ⌉+△K
where △K is determined by the maximum service link RTD within  cell coverage area (service_RTD_max), e.g. △K = ⌈ Service_RTD_max/slot_duration ⌉. 
Proposal 1: The cell-specific K_offset used in initial access is determined based on the common timing offset and the maximum service link RTD within the cell coverage.
0. Beam specific K_offset in initial access
In RAN1#103-e it was agreed that at least a cell specific K_offset is supported [2]. Given that the maximum RTD within a cell will be larger than the maximum RTD in any beam within the same cell, using a cell specific K_offset can be conservative especially for UEs that are close to the satellite. Beam specific K_offset can reduce the scheduling delay during RACH stage hence reduce the access delay. 
It should be noted that even if beam specific K_offset in initial access is supported, beam specific system information, i.e. different SIB content across different SSBs, should be avoided since this deviates from the basic NR SIB delivery principles. To support beam specific initial K_offset for initial access, multiple K_offset for different beams should be carried in the system information, which obviously incurs more signalling overhead. Overall, the beam-specific K_offset targets to further optimize K_offset at the cost of additional signalling overhead.
To resolve the signalling overhead issue in system information, the solution proposed in section 2.1.1 can be extended by carrying beam specific △K in Msg2
· After signalling △K to UE in Msg2, the UE can derive the beam specific initial K_offset by
K_offset = ⌈ TA_common/slot_duration ⌉+△K,
where △K can be determined by maximum service link RTD within the beam coverage area (Beam_RTD_max), in which the UE locates. For instance, △K = ⌈ Beam_RTD_max/slot_duration ⌉, which is different from the determination of △K for cell specific initial K_offset.
[bookmark: _GoBack]Proposal 2: If beam specific K_offset in initial access is supported, derive the beam specific K_offset from the common TA and the maximum service link RTD within the beam coverage area carried by Msg2.
Update of K_offset after initial access
As agreed in [3], K_offset can be updated after initial access. Further update of cell-specific value to beam-specific or even UE-specific is beneficial to reducing scheduling delay. For UE-specific K_offset, the UE needs to report some assistance information (e.g., UE location or UE-specific TA) to enable gNB to track the change of the K_offset, and the updated K_offset value can be delivered to the UE via RRC, MAC CE or DCI:
· Updating via beam-level RRC configuration is a straightforward option, but it causes larger end-to-end latency compared with other two options.
· For both MAC-CE/DCI based options, K_offset can be directly notified by gNB, but additional bit field for K_offset or even a new DCI format may be necessary for DCI-based option, which has a larger specification impact.
Proposal 3: Both beam-specific and UE-specific K_offset update shall be supported via MAC-CE.
Start of Msg2/MsgB RAR window
As for the interpretation of the start of the Msg2/MsgB RAR window, the corresponding description in TS 38.213 is extracted below [6].
TS 38.213, Section 8.2, 4-step RACH:
[bookmark: _Hlk505324461]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. 
TS 38.213, Section 8.2, 2-step RACH:
In response to a transmission of a PRACH and a PUSCH, or to a transmission of only a PRACH if the PRACH preamble is mapped to a valid PUSCH occasion, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding MsgB-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 PUSCH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by msgB-ResponseWindow.

In NR, UE does not apply timing advance, i.e., TA=0, when it transmits Msg1/MsgA to gNB. However, the current specification is in our understanding not limited to TA only being equal to 0. It can be interpreted such that the Msg2/MsgB RAR window starts according to the actual timing of PRACH transmission. It is noted that using the interpretation of “actual timing” is not in conflict with NR specification as it is applicable for TA=0.
In Figure 2 (a), in NTN scenarios UE would use a large TA to send Msg1/MsgA in advance, and the corresponding RAR window starts according to the actual timing of Msg1/MsgA’s last symbol. Correspondingly, when introducing a RAR window offset which starts after the actual timing of Msg1/MsgA last symbol, the RAR window will start at the first symbol of the earliest CORESET after the RAR window offset, as shown in Figure 2 (b). Therefore, the RAR window offset can be equal to the minimum round trip delay in a cell as illustrated in Figure 1.


[bookmark: _Ref59802809]Figure 2 Start of Msg2/MsgB RAR window illustration
Proposal 4: RAN1 to clarify that Msg2/MsgB RAR window starts according to the actual timing of PRACH transmission.
Timing relationship of Configured Grant Type 1
In NR, the configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of ConfiguredGrantConfig message without the detection of a UL grant in a DCI. Apparently, as shown in Figure 3, the gNB should configure UE’s first transmission occasion (N = 0) with Offset larger than UE-TA. 
[image: ]
Figure 3 Illustration for timing relationship of configured grant type 1
According to current specification [7], configured grant type 1 transmission resource is determined by timeReferenceSFN-r16, timeDomainoffset and periodicity contained in ConfiguredGrantConfig as below:
[(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).
where timeDomainoffset ranges from 0~5119 and timeReferenceSFN-r16 can be 0 or 512. Extending the set of  timeReferenceSFN-r16 value can provide sufficient flexibility to fulfill the timing relationship of Offset>UE-TA, there is no need to introduce an extra offset parameter for timing relationship on Configured Grant Type 1.
Proposal 5: By extending the range of timeReferenceSFN-r16 value, there can be sufficient scheduling flexibility to fulfil the timing relationship for configured grant type 1.
MAC CE timing relationship
Activation/deactivation of elements in configured CSI-AperiodicTriggerStateList description in TS 38.214 is extracted below:
TS 38.214, Section 5.2.1.5, Triggering/activation of CSI Reports and CSI-RS :
A trigger state is initiated using the CSI request field in DCI.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in CSI-AperiodicTriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a subselection indication, as described in clause 6.1.3.13 of [10, TS 38.321], used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter reportTriggerSize where . When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the subselection indication, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied starting from the first slot that is after slot  where  is the SCS configuration for the PUCCH.

-	When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state.



As shown in Figure 4, the gNB triggers CSI configuration with DCI after receiving HARQ-ACK corresponding to the updated MAC CE, according to current NR specification, UE will not apply the updated selected CSI trigger state(s) before that, in other words, UE and gNB have consensus on triggering CSI-related configurations. Thus MAC CE timing for both CSI-resource-configuration and SRS-resource-configuration shall not be considered exceptional and there is no need to consider this issue further.
[image: ]
Figure 4 Illustration for MAC-CE timing relationship
Proposal 6: There is no need to consider MAC CE timing for both CSI-resource-configuration and SRS-resource-configuration as exceptional.
On K1 range extension
In last meeting, extending the value range of K1 from (0, 15) to (0, 31) was agreed. It was FFS whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
One possible way is to re-interpret K1 as number of slot groups rather than number of slots, avoiding modification on current DCI format while minimizing the impact on scheduling flexibility. For example, for a PDSCH reception ending in slot n=5, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot, where  equals to 13. 
[image: ]
Figure 5 Illustration for K1 range
Proposal 7: K1 indication can be enhanced without impact on the size of DCI by re-interpreting PDSCH-to-HARQ_feedback timing indicator field.

Conclusion
In this contribution, we discuss the issue of K_offset derivation and K_offset update. The following observations and proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The cell-specific K_offset used in initial access is determined based on the common timing offset and the maximum service link RTD within the cell coverage.
Proposal 2: If beam specific K_offset in initial access is supported, derive the beam specific K_offset from the common TA and the maximum service link RTD within the beam coverage area carried by Msg2.
Proposal 3: Both beam-specific and UE-specific K_offset update shall be supported via MAC-CE.
Proposal 4: RAN1 to clarify that Msg2/MsgB RAR window starts according to the actual timing of PRACH transmission.
Proposal 5: By extending the range of timeReferenceSFN-r16 value, there can be sufficient scheduling flexibility to fulfil the timing relationship for configured grant type 1.
Proposal 6: There is no need to consider MAC CE timing for both CSI-resource-configuration and SRS-resource-configuration as exceptional.
Proposal 7: K1 indication can be enhanced without impact on the size of DCI by re-interpreting PDSCH-to-HARQ_feedback timing indicator field.
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