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Introduction
A work item on Non Terrestrial Network (NTN) [1] has been started, and several agreements related to the timing relationship have been made as listed in Annex A. Furthermore, various aspects were discussed in RAN1#104e meeting including Koffset configuration and signaling, details of MAC CE action timing, necessity of Koffset for PDCCH order RACH and type 1 configured grant and offset for RAR window [4]. This contribution discusses these aspects and provides our views. 

Koffset configuration 
Introduction of Koffset was agreed in RAN1#102-e meeting to support long RTT in NTN scenarios. In RAN1#103-e, it was agreed to support at least cell specific Koffset configuration.  Conceptual illustration of timing relationship using Koffset is shown in Figure 1. 
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[bookmark: _Ref53565394]Figure 1 concept of timing relationship 
Beam specific Koffset and UE specific update of Koffset are FFS. Our view on beam specific Koffset and UE specific update of Koffset is provided below. 
Beam specific Koffset 
It was agreed that Koffset used for initial access is carried in system information and at least a cell specific Koffset configuration, which is used in all beams of a cell, should be supported. Beam specific Koffset configured in system information is FFS. A few companies support beam specific Koffset. Our view is as follows. 
For GEO and LEO with fixed beam footprint, operation with one beam per cell would be suitable because handover rate is not so high compared to moving beam footprint. Therefore, beam specific Koffset would not be required for these scenarios. For LEO with moving beam footprint, multiple beam per cell may be useful to reduce handover depending on the satellite beam size. 
The purpose of beam specific Koffset would be to reduce a scheduling delay in a scenario with multiple beams per cell because gNB can configure Koffset value based on longest RTT in a beam instead of cell area. In general, for larger satellite beam size (i.e. larger cell area), more reduction gain can be obtained. On the other hand, operation with one beam per cell would be sufficient for scenarios with large satellite beam size. Furthermore, if Koffset is UE-specifically updated, scheduling delay can be adjusted to each UE’s RTT. Therefore, the situation that would benefit from the beam specific Koffset is limited to transmissions during initial access (i.e. before RRC configuration). Introduction of beam specific Koffset seems not so attractive.
If beam specific Koffset need to be supported, the SIB contents should be same among SSB beams in order to minimize the specification impact. 
Proposal 1: Beam specific Koffset is not necessary. 

UE specific update of Koffset 
In RAN1#104e, it was agreed that update of K_offset after initial access is supported. But the details of the “update” was not yet agreed. In this section, benefit of UE specific update of Koffset and the signaling are discussed. 
Benefit of UE specific update of Koffset 
For GEO and LEO with moving beam footprint, cell specific Koffset would be set based on the distance between satellite and the farthest location in the cell, which is constant irrespective of the satellite movement, as shown in Figure 2 (example of LEO with moving beam footprint). The scheduling delay can be reduced from above RTT between satellite and the farthest location to RTT between satellite and the UE actual location by setting the UE specific Koffset. The delay reduction is up to 20.6ms for GEO and 6.24ms/6.36ms for LEO 600km/1200km, which is twice of the maximum differential delay (i.e. propagation delay difference between nearest location and farthest location within a cell) defined in [3].
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[bookmark: _Ref68193240]Figure 2 Koffset for LEO with moving beam footprint
For LEO with fixed beam footprint, the distance between the satellite and the farthest location varies according to the satellite movement. As shown in Figure 3, the cell specific Koffset would be set based on the distance between the satellite position at the lowest elevation angle (i.e. satellite position at t0 in Figure 3) and farthest location in the cell. The lowest elevation angle for LEO is 10 degree according to [3]. In this case, RTT difference between the farthest location (i.e. satellite position at elevation angle 10 degree) and the nearest location (i.e. satellite position at elevation angle 90 degree) is roughly 8.8ms/12.8ms for LEO 600km/1200km respectively. Therefore, a significant delay reduction would be possible by UE specific Koffset also for LEO with fixed beam footprint scenario. 
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[bookmark: _Ref68193262]Figure 3 Koffset for LEO with fixed beam footprint
As the reduction merit of scheduling delay is available, we propose to support UE specific update of Koffset after initial access in all scenarios i.e, GEO, LEO with moving beam footprint and LEO with fixed beam footprint. 
Proposal 2: UE-specifically update Koffset after initial access.

Signalling for UE specific update of Koffset 
Regarding the signalling for UE specific update of Koffset, the candidates would be UE specific RRC configuration, MAC CE command and/or DCI indication. For GEO, the update of Koffset is not so frequent because of static position of the satellite. Therefore, UE specific RRC configuration of Koffset would be sufficient. On the other hand, for LEO, frequent update of Koffset would be required due to the fast movement of the satellite. Therefore, it would be preferable to support MAC CE or DCI indication (UE dedicated or group common) in addition to RRC configuration in order to quickly update according to the satellite movement. 
The indication of UE specific update of Koffset should be relative indication to the current value regardless of UE specific RRC configuration in case of MAC CE command and/or DCI indication. The reason is TA value would be updated autonomously slowly based on UE location and delay path change without involvement of the network. Therefore, gNB may not know the exact current TA value but gNB knows the UE transmission can be received at certain receiver window position. By indicating the relative offset to the current value, only relative slot position is adjusted and the receiver window position at gNB within slot granularity is not required to be changed.
In the previous RAN1 meetings, there was a proposal that UE derives UE specific Koffset from the TA value. Our view is as follows.  UE specific Koffset value related to the distance between satellite link would be derived by UE from GNSS location information. On the other hand, the variation of feeder link is impossible as it is related to the network implementation freedom. Therefore, we see the need of UE specific Koffset based on gNB indication.  
From above discussion, we make the following proposals. 
Proposal 3: Support dedicated RRC signalling and indication of relative Koffset value via MAC CE or group common DCI.

Another signalling aspect would be potential necessity of UE report to determine appropriate Koffset for each UE. gNB need to know the RTT for each UE to determine the UE specific Koffset value. Two types of report can be considered, timing based report and location based report. 
· Timing based report 
UE reports the RTT value derived from GNSS location information. The reported RTT is RTT between the satellite and UE. gNB can derive the RTT between gNB and UE by adding the feeder link RTT (i.e. RTT between gNB and satellite) calculated based on the satellite location. Because the granularity of Koffset would be slot level granularity, the RTT value reported from UE can also be slot level granularity. Alternatively, the value can be relative value from the cell specific Koffset value to reduce the amount of signalling bits. 
· Location based report
UE reports its location information to gNB. gNB calculates the RTT between gNB and UE via satellite using satellite location and reported UE location. A rough location information would be enough because the granularity of Koffset would be slot. For example, if 1ms granularity is assumed, location information with 150km granularity would be enough (1ms RTT corresponds to 150km one-way distance). Because UE report of location information is useful for other purposes, e.g. handover control and beam management, use of location information would be preferable if available. 
Proposal 4: In order to determine UE specific Koffset, UE location report should be utilized if available. If it is not available, UE report of a coarse RTT value should be specified. 

MAC CE action timing 
Agreement on MAC CE action timing in RAN1#103-e is as follows. 
	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 NTN scenarios, DL-UL timing at gNB may not be aligned due to feeder link delay which is basically unknown to UE and can vary according to satellite movement in case of LEO. Even if cell specific (common) TA offset is used to adjust DL-UL timing difference, some degree of the DL-UL timing difference would be managed by gNB implementation as discussed in our contribution [5]. Therefore, our view is K_mac needs to be specified for DL related MAC CE action timing (more precisely, UE action and assumption on downlink configuration indicated by MAC CE command in above agreement). Because UE doesn't know the timing relation between UL and DL, K_mac (for DL related MAC CE action timing) should be an offset from DL reception timing of PDSCH containing the MAC CE as shown in Figure 4. 
For DL related MAC CE command, the MAC CE action timing is based on the K_mac configuration irrespective of HARQ-ACK timing.  In order to shorten the delay due to retransmissions, if needed, gNB would use robust MCS for the MAC CE transmission. In this case, it would be possible to reflect the MAC CE command right after UE decoding time for the PDSCH by configuring a small K_mac value. This would be beneficial for a scenario with long propagation delay like GEO. 
Proposal 5: For DL related MAC CE action timing, K_mac should be introduced. 
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[bookmark: _Ref47628028]Figure 4 Proposed timing relationship for MAC CE action timing

In RAN1#104e meeting, under AI8.4.3 on HARQ enhancement, it was discussed whether to mandate to use HARQ-feedback enabled process for MAC CE transmission. There was no agreement. The final text in the FL summary[6] is as follows. 
		[Updated Proposal 4] for conclusion:
[bookmark: _Hlk68275892]UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.
However, during the email discussion, companies still share negative views on this proposal with similar argument. Then, from moderator’s perspective, companies are encouraged to further check this issue with at least consideration on the following two aspects:
1. Reliability for MAC CE delivering;
1. MAC CE processing timeline



In our view, such restrictions on the usage of feedback disabled HARQ process is not necessary. It should be gNB’s responsibility how to guarantees the reliability of the MAC CE transmission. One way would be to use feedback enabled HARQ process and one way would be to use feedback disabled process with a robust MCS. 
Furthermore, if HARQ-feedback enabled process needs to be used for MAC CE whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, we see the following issues.
Firstly, the TB from MAC layer does not necessarily contain only MAC CE, but it can contain the other user data as shown below figure. Physical layer does not know whether the TB contains the MAC CE which is coupled to the transmission time of the associated HARQ-ACK. Physical layer specification needs to specify which MAC CE is coupled to the transmission time of the associated HARQ-ACK and corresponding operation to determination of HARQ-feedback enabled or disabled process. This requires more interaction between MAC layer and physical layer, which increase the complexity in the specification and the implementation. 
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 TS38.321 Figure 6.1.2-4 Example of a DL MAC PDU
Secondly, it might cause a significant delay of MAC CE delivery in some scenarios. For example, for an operation with SCS=120kHz and RTT=42ms (max RTT for LEO 1200km), within the RTT period (42ms=335 slots) only up to 32 slots are available for feedback-enabled transmissions. gNB would easily use up all feedback enabled HARQ processes and would have to use feedback disabled HARQ processes until (re)transmission of one of the HARQ-enabled process is completed (i.e. ACK is received) although it is not efficient due to the low MCS transmission to achieve lower BLER. When MAC CE is generated, gNB has to wait the MAC CE transmission until a feedback enabled process becomes available if the MAC CE transmission is restricted to feedback enabled process. This might create significant delay for MAC CE transmission. On the other hand, it is possible for gNB to override an ongoing feedback enabled HARQ process for the MAC CE transmission. But in this case RLC retransmission is triggered when the “stolen” HARQ process is NACK. This further increase the delay of the TB.
A concern raised in RAN1#104e meeting was specification impact related to the MAC CE action timing for feedback disabled HARQ process. But, in our view, for feedback disabled HARQ process, the MAC CE action timing can be determined in the same way as for feedback enabled HARQ process. Actually, the current specification text for the MAC CE action timing is valid irrespective of whether or not the UE actually transmits the HARQ-ACK because it is described as “the UE applies the activation command in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH”. The HARQ-ACK timing can be defined based on K1 value indicated in the DCI similar to the feedback enabled case. The UE processing timeline is the same as the case with feedback enabled process, and the difference is just not to transmit HARQ-ACK in case of feedback disabled process. Therefore, no or limited specification impact is expected to support MAC CE transmission using feedback disabled process. 
Proposal 6: Whether to use HARQ-feedback disabled process or enabled process for MAC CE transmission is up to network implementation. MAC CE action timing when HARQ-feedback disabled process is used is well covered by the current specification text. 

Necessity of Koffset for PDCCH order PRACH
Background 
In RAN1#104e meeting, it was discussed whether Koffset is necessary to determine the RO for PDCCH order PRACH. In the current NR specification, when a RACH procedure is trigged by PDCCH order, UE shall select the next available RO for the PRACH transmission.
	TS38.321 section 5.1.2
1>	else if an SSB is selected above:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured or indicated by PDCCH (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6], corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).



The following is the observation of the moderator in [4].
	· Through the discussion, it has become clear to the group that the network may not know which PRACH occasion was selected by the UE according to the UE’s “next available PRACH occasion”
· Despite the consensus on the ambiguity issue, the number of companies that consider the issue can be handled by network’s blind detection is roughly the same as the number of companies that consider the issue needs to be solved to avoid unnecessary network’s blind detection. 



Discussion
Figure 5 shows a timing chart for PDCCH order RACH based on the current specification. UE transmits the PRACH in the next available RACH occasion (RO) after reception of the PDCCH. “the next available RO” depends on the RTT (or necessary TA value to the target RO). Therefore, the RO selected by the UE depends on the UE location as shown in Figure 5. In this case, gNB would need to blindly detect the RO for the PDCCH order RACH. Considering the large maximum RTT difference among UEs within a cell, 20.6ms for GEO and 6.24ms/6.36ms for LEO 600km/1200km, gNB might need to handle a large number of RO candidates for the blind detection depending on SCS and PRACH configuration, which would cause additional gNB complexity. Therefore, use of Koffset would be preferable.  
Figure 6 shows a timing chart for PDCCH order RACH based on Koffset. UE selects the first RO after Koffset slots for the PDCCH order RACH. In this case, the RO for the PDCCH order RACH is deterministic and blind detection at gNB is not needed. Because PDCCH order RACH may be used for the case where the gNB may not be sure about UE’s synchronization status, Koffset to be used for this case should be cell specific Koffset  even if UE specific Koffset is configured. 
Proposal 7: Cell specific Koffset should be used to determine RO for PDCCH order RACH. 
[image: ]
[bookmark: _Ref64541129]Figure 5 Timing for PDCCH order PRACH based on the current spec (i.e. w/o Koffset)
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[bookmark: _Ref64541138]Figure 6 Timing for PDCCH order PRACH based on Koffset

Handling of Aperiodic CSI Trigger State Subselection MAC CE and AP SRS spatial relation Indication MAC CE
Background 
It was discussed whether exceptional handling is necessary for MAC CE for CSI-AperiodicTriggerStateList and SRS resource set configuration. Following is comment from CAICT in RAN1#104e email discussion [4]. 
	Take “CSI-AperiodicTriggerStateList” as an example, According to 38.214, section 5.2.1.5.1:





[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 m is the SCS configuration for the PUCCH.
It is observed in the current spec, MAC indication about A-CSI trigger state subselection is to be valid after corresponding HARQ-ACK is transmitted and processing time is provided. As shown in the following figure, we suppose the MAC CE is to be valid at t3, both by gNB and by UE. After the MAC CE be valid at gNB side, the earliest DCI with A-CSI triggering could reach UE at t4. 
[image: ]
If the UE receives A-CSI triggering DCI during t3 and t4, the DCI was transmitted before t3. UE illustrates the “CSI request” field according to the updated MAC CE and performs corresponding A-CSI report. For gNB, however, it is assumed “CSI request” field corresponds to the previous MAC CE and expects other triggered A-CSI reports. 
gNB may ignore the A-CSI reports during these ambiguous periods. However, it is noticed MAC CE related timing relationships are always resolved by specification as MAC CE related UE actions are defined at certain slots. Then, we think it is necessary to specify the UE actions when A-CSI triggering DCI is received during t3 and t4.
Similar situation is for the “SRS resource set” configuration.



Discussion
Aperiodic CSI Trigger State Subselection MAC CE is used for subselection of CSI triggering states configured in CSI-AperiodicTriggerStateList. Although the discussion point was not sufficiently clarified in the email discussion, our current understanding is that the discussion point is which of the following two alternatives should be adopted. 
Alt1: new subselection is applied for the CSI report after the MAC CE action timing
Alt2: new subselection is applied for the CSI request after the MAC CE action timing
The timing relation is illustrated in Figure 7. The MAC CE is handled as UL related MAC CE in Alt1 while it is handled as DL related MAC CE in Alt2. 
In Alt1, gNB would send the CSI request (at T1 in the figure) based on the new subselection, but whether the CSI report is based on new subselection or old subselection depends on whether the UE correctly received the MAC CE. On the other hand, if feedback enabled HARQ process is used for the MAC CE transmission, gNB can know which subselection (new or old) is used by the UE because gNB would receive the HARQ-ACK for the MAC CE before the reception of the CSI report, and gNB may ignore the reported CSI if gNB did not receive ACK. If feedback disabled HARQ process is used for the MAC CE transmission, gNB would transmit with sufficiently low BLER. New subselection becomes available earlier than Alt 2 although the CSI report may be discarded when UE could not decode the MAC CE correctly.
In Alt2, gNB is confident about UE’s subselection when it send the CSI request, i.e. for the CSI request transmitted before the MAC CE action timing at gNB, old subselection is used while for the CSI request transmitted after the MAC CE action timing at gNB, old subselection is used. On the other hand, reflection of the new subselection is delayed compared to Alt 1. 
Both Alt1 and Alt2 would be workable, but Alt 1 would be slightly preferred because of the shorter latency. 
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[bookmark: _Ref64644816]Figure 7 Timing relationship for Aperiodic CSI trigger state subselection MAC CE
Proposal 8: it should be discussed whether the timing definition of Aperiodic CSI trigger state subselection MAC CE action timing should be CSI report timing or CSI request timing. 
Proposal 9: Aperiodic CSI trigger state subselection MAC CE should be reflected from the transmission of the CSI report after the MAC CE action timing, i.e. slot . 
The following modification of the specification could be considered for the clarification. 
	TS38.214 section 5.2.1.5.1
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 for the CSI report transmission starting from the first slot that is after slot  where m is the SCS configuration for the PUCCH.



Another discussion raised in RAN1#104e is handling of the MAC CE on SRS resource configuration, AP SRS spatial relation Indication MAC CE.
AP SRS spatial relation Indication MAC CE is used to update the reference resource IDs (SSB, NZP CSI-RS) used as a spatial relationship for SRS resource and/or serving cell and uplink BWP on which the resource used for spatial relationship derivation for SRS resource is located [TS38.321 section 6.1.3.26].
	TS38.214 section 6.2.1
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource or SRS-PosResource is set to 'aperiodic':
 … 
-	when a UE receives an spatial relation update command, as described in clause 6.1.3.26 of [10, TS 38.321], for an SRS resource configured with the higher layer parameter SRS-Resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot The update command contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the updated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise. When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS resource set.



Similar to the Aperiodic CSI trigger state subselection MAC CE discussed above, the following two alternatives could be considered.  
Alt 1: new spatial relation is applied for the SRS transmission after the MAC CE action timing
Alt 2: new spatial relation is applied for the SRS request after the MAC CE action timing
Similar to the discussion above, both would be workable, but Alt 1 would be slightly preferable because of the shorter latency. 
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Figure 8 Timing relationship for Aperiodic SRS spatial relation indication MAC CE
Proposal 10: AP SRS spatial relation Indication MAC CE should be reflected from the SRS transmission after the MAC CE action timing, i.e. slot . No specification modification would be necessary. 

Koffset for type 1 configured grant
Background 
In RAN1#104e, necessity of Koffset for type 1 configured grant was discussed. Majority do not see the need of Koffset for type 1 configured grant. But some companies still think Koffset is beneficial.  
Internal discussion
The following is the description specifying the PUSCH timing for configured grant type 1. 
	TS38.321 V16.4.0 section 5.8.2
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).



The timing is defined using time reference SFN, time domain offset to the reference SFN and periodicity. The range of time reference SFN and time domain offset is specified as follows in TS38.331. 
timeReferenceSFN : SFN 0 or 512
timeDomainOffset  : 0…5119
The timing relation is illustrated in Figure 9. Because the configured grant PUSCH timing is defined as absolute symbol using time reference SFN and time domain offset, Koffset would not be necessary. Note that if the UE could not have enough time to transmit 0th grant PUSCH after receiving RRC configuration due to the propagation delay, the UE would not transmit CG-PUSCH until the next timing of SFN=0 + time domain offset. Therefore, gNB would configure the time reference SFN and time domain offset such that the UE can have enough time for the 0th grant PUSCH. 
[image: ]
[bookmark: _Ref68529907]Figure 9 timing for configured grant type 1 
Proposal 11: Koffset is not necessary for configured grant type 1.

Offset for RAR window
Background 
Timing offset for RAR window was discussed in RAN1#104e, but has not been concluded. Majority view is that UE should use UE specific RTT as the offset for RAR window. Some companies mentioned that for DL-UL non-alignment case an indication of the offset corresponding to the DL-UL timing difference would be necessary. 
Internal discussion 
Figure 10 shows RAR window timing for DL-UL timing alignment case, i.e. the case where service link delay and feeder link delay is fully compensated by UE with location based UE autonomous TA and common TA offset. The offset for RAR window start timing is UE specific RTT between UE and gNB including service link and feeder link. 
Because it may be difficult or not feasible to fully compensate the feeder link delay especially for LEO due to the fast movement as discussed in our contribution [5], DL-UL timing non-alignment case should also be considered. Figure 11 shows RAR window timing for DL-UL timing non-alignment case, i.e. the case where service link and a part of feeder link delay is compensated by UE with location based UE autonomous TA and common TA offset. As shown in Figure 12, a part of feeder link delay is compensated by the common TA offset, and DL-UL timing difference caused by the rest of the feeder link delay is managed by gNB implementation. In this case, the offset for RAR window start timing is UE specific RTT between UE and RP (reference point) and is calculated by UE with the location based UE autonomous TA and the common TA offset. Due to the DL-UL timing difference that is unknown to the UE, effective RAR window is shorter by the DL-UL timing difference than the configured ra-ResponseWindow. Because the maximum value of ra-ResponseWindow is 10ms, the DL-UL timing difference is required to be smaller than 10ms. Considering a flexibility of RAR scheduling, smaller than 7-8ms would be preferable. With such constraint, an indication of the offset corresponding to the DL-UL timing difference would not be necessary. 
Observation 1: If DL-UL timing difference is smaller than 10ms, preferably 7-8ms, indication of the offset would not be necessary. 
Proposal 12: For both DL-UL alignment and non-alignment cases, offset for RAR window start timing should be UE specific RTT which is calculated by UE based on location based UE autonomous TA value and common TA offset. 
[image: ]
[bookmark: _Ref65085180]Figure 10 RAR window timing in case of DL-UL timing alignment
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[bookmark: _Ref65085496]Figure 11 RAR window timing in case of DL-UL timing non-alignment
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[bookmark: _Ref65089600]Figure 12 TA components and DL-UL timing difference

Conclusion
In this contribution, we discussed NTN timing relationship and proposed the following. 
Proposal 1: Beam specific Koffset is not necessary. 
Proposal 2: UE-specifically update Koffset after initial access.
Proposal 3: Support dedicated RRC signalling and indication of relative Koffset value via MAC CE or group common DCI.
Proposal 4: In order to determine UE specific Koffset, UE location report should be utilized if available. If it is not available, UE report of a coarse RTT value should be specified.
Proposal 5: For DL related MAC CE action timing, K_mac should be introduced. 
Proposal 6: Whether to use HARQ-feedback disabled process or enabled process for MAC CE transmission is up to network implementation. MAC CE action timing when HARQ-feedback disabled process is used is well covered by the current specification text. 
Proposal 7: Cell specific Koffset should be used to determine RO for PDCCH order RACH. 
Proposal 8: it should be discussed whether the timing definition of Aperiodic CSI trigger state subselection MAC CE action timing should be CSI report timing or CSI request timing. 
Proposal 9: Aperiodic CSI trigger state subselection MAC CE should be reflected from the transmission of the CSI report after the MAC CE action timing, i.e. slot . 
Proposal 10: AP SRS spatial relation Indication MAC CE should be reflected from the SRS transmission after the MAC CE action timing, i.e. slot . No specification modification would be necessary. 
Proposal 11: Koffset is not necessary for configured grant type 1.
Proposal 12: For both DL-UL alignment and non-alignment cases, offset for RAR window start timing should be UE specific RTT which is calculated by UE based on location based UE autonomous TA value and common TA offset. 
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Annex A
The following is list of the agreements on timing relationship in NTN WI. 
	Agreement in RAN1#102e
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.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.

Agreement in RAN1#103e
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.
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 in RAN1#104e
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.
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  Figure 6.1.2 - 4: Example of a DL MAC PDU  
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