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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. This contribution discusses various aspects on the timing relationship for NTN and provides our views. 
Koffset configuration 
Introduction of Koffset was agreed to support long RTT in NTN scenarios. It was also agreed to support indication of Koffset in system information at least cell specific Koffset configuration. Beam specific Koffset and details of 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. 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 the longest RTT in a beam instead of cell area. In general, for larger satellite beam size (i.e. larger cell area), more delay reduction gain can be obtained. On the other hand, operation with one beam per cell would be sufficient for scenarios with a large satellite beam size. Furthermore, if Koffset is UE-specifically updated, the 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. 

Signaling for UE specific update of Koffset 
In the past RAN1 meetings, it was agreed that update of Koffset after initial access is supported and at least one of RRC reconfiguration and MAC CE is supported. 
For GEO, the update of Koffset is not so frequent because of static position of the satellite. But, the control range is large because of the large differential RTT between UEs (up to 20.6ms, i.e. 165slots in case of 120kHz SCS), and a large number of signaling bits are necessary. Therefore, RRC reconfiguration would be suitable for the update of Koffset. 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 in order to quickly update Koffset according to the satellite movement. Relative indication to the current values should be used to save the overhead in the MAC CE. 
Proposal 2: Support both RRC reconfiguration and MAC CE for the update of Koffset. Relative indication should be used for MAC CE. 

In the current specification, the exact timing of the MAC CE reflection is specified. On the other hand, the exact reflection timing for RRC reconfiguration is not specified. It is just specified in TS38.331 that UE shall be ready to receive UL grant to send the response message in 10ms. Therefore, the network does not know when the UE update the Koffset. During the 10ms after sending the RRC reconfiguration, transmission slot for PUSCH and HARQ-ACK to PDSCH is ambiguous. One solution would be to use cell specific Koffset for PUSCH scheduled by DCI 0_0 and HARQ-ACK to PDSCH scheduled by DCI 1_0, i.e to apply the updated Koffset only for the case where DCI 0_1/1_1/0_2/1_2 are used for the scheduling. In this way, the network can schedule the UE during the 10ms using DCI 0_0/1_0 without ambiguity of the transmission slot. Furthermore, the recovery from potential error case, e.g. when UE missed the RRC reconfiguration message, would become easier. 
Proposal 3: For PUSCH scheduled by DCI 0_0 and HARQ-ACK to PDSCH scheduled by DCI 1_0, Koffset value signaled in system information should be used. 

Another signalling aspect is UE report to determine appropriate Koffset for each UE as described in LS from RAN2[5]. 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 service link RTT (i.e. RTT between the satellite and UE) because the network knows the feeder link RTT. UE specific TA value calculated based on satellite ephemeris and UE location can be used as the service link RTT. The reported RTT value should be quantized with slot level granularity to save the signaling overhead because the granularity of Koffset would 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 the network. The network calculates the RTT 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  RTT value with slot level granularity should be specified. 

Signaling for K_mac 
Related to the K_mac signaling, the following are agreed in RAN1#105-e. 
	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.



K_mac basically corresponds to DL-UL timing difference and is used to define MAC CE action timing as well as to define the starts of ra-ResponseWindow and msgB-ResponseWindow in a DL-UL timing non-alignment scenario. Because DL-UL timing difference may vary in LEO scenarios, update of K_mac would be necessary. Similar to K_offset, update of K_mac should be supported. Note that K_offset corresponds to RTT between UE and reference point, and K_mac corresponds to RTT between reference point and gNB. Therefore, independent value of K_offset and K_mac indication is necessary. 
Proposal 5: Update of K_mac should be supported. The same signaling mechanism as K_offset should be used. 

Necessity of Koffset for PDCCH order PRACH
In the previous meetings, 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).



Figure 2 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 2. 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 3 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 and/or information on UE specific TA, Koffset to be used for this case should be cell specific Koffset even if UE specific Koffset is configured. 
Proposal 6: Cell specific Koffset should be used to determine RO for PDCCH order RACH. 
[image: ]
[bookmark: _Ref64541129]Figure 2 Timing for PDCCH order PRACH based on the current spec (i.e. w/o Koffset)
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[bookmark: _Ref64541138]Figure 3 Timing for PDCCH order PRACH based on Koffset

Clarification on Aperiodic CSI Trigger State Subselection MAC CE and AP SRS spatial relation Indication MAC CE
The MAC CE action timing depends on whether the MAC CE is handled as UL related MAC CE or DL related MAC CE in NTN due to the large propagation delay. It is necessary to clarify the handling of Aperiodic CSI Trigger State Subselection MAC CE and AP SRS spatial relation Indication MAC CE, as discussed in RAN1#104b-e [6]. 
Aperiodic CSI Trigger State Subselection MAC CE 
Aperiodic CSI Trigger State Subselection MAC CE is used for subselection of CSI triggering states configured in CSI-AperiodicTriggerStateList. The MAC CE action timing in the current specification is as follows. 
	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 starting from the first slot that is after slot  where m is the SCS configuration for the PUCCH.


 The following two alternatives for the MAC CE action timing can be considered. 
Alt1: new subselection is applied for the CSI report after the UL related MAC CE action timing
Alt2: new subselection is applied for the CSI request after the DL related MAC CE action timing
The timing relation for the two alternatives is illustrated in Figure 4. 
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 sends 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, new 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. 
[image: ]
[bookmark: _Ref64644816]Figure 4 Timing relationship for Aperiodic CSI trigger state subselection MAC CE
Proposal 7: The following alternatives for the timing definition of Aperiodic CSI trigger state subselection MAC CE action timing should be discussed.
Alt1: new subselection is applied for the CSI report after the UL related MAC CE action timing
Alt2: new subselection is applied for the CSI request after the DL related MAC CE action timing 
Proposal 8: Aperiodic CSI trigger state subselection MAC CE should be reflected for the transmission of the CSI report after the UL related 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.



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]. The MAC CE action timing is specified as follows in the current specification. 
	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 UL related MAC CE action timing
Alt 2: new spatial relation is applied for the SRS request after the DL related MAC CE action timing
Similar to the discussion above, both would be workable, but Alt 1 would be preferable because of the shorter latency and in line with the description of the current specification. 
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Figure 5 Timing relationship for Aperiodic SRS spatial relation indication MAC CE

Proposal 9: AP SRS spatial relation Indication MAC CE should be reflected for the SRS transmission after the MAC CE action timing, i.e. slot . No specification modification would be necessary because in the current specification the applied timing is defined as “for SRS transmission”. 

Koffset for type 1 configured grant
In the previous meetings, necessity of Koffset for type 1 configured grant was discussed. Majority seems not see the need of Koffset for type 1 configured grant. But some companies still think Koffset is beneficial.  This section provide our view on the necessity of Koffset for type 1 configured grant. 
The following is the description specifying the PUSCH timing for type 1 configured grant. 
	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 6. 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 6 timing for type1 configured grant 
Proposal 10: Koffset is not necessary for type 1 configured grant.

Conclusion 
In this contribution, we discussed NTN timing relationship and proposed the following. 
Proposal 1: Beam specific Koffset is not necessary. 
Proposal 2: Support both RRC reconfiguration and MAC CE for the update of Koffset. Relative indication should be used for MAC CE. 
Proposal 3: For PUSCH scheduled by DCI 0_0 and HARQ-ACK to PDSCH scheduled by DCI 1_0, Koffset value signaled in system information should be used. 
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  RTT value with slot level granularity should be specified. 
Proposal 5: update of K_mac should be supported. The same signaling mechanism as K_offset should be used. 
Proposal 6: Cell specific Koffset should be used to determine RO for PDCCH order RACH. 
Proposal 7: The following alternatives for the timing definition of Aperiodic CSI trigger state subselection MAC CE action timing should be discussed.
Alt1: new subselection is applied for the CSI report after the UL related MAC CE action timing
Alt2: new subselection is applied for the CSI request after the DL related MAC CE action timing 
Proposal 8: Aperiodic CSI trigger state subselection MAC CE should be reflected for the transmission of the CSI report after the UL related MAC CE action timing, i.e. slot . 
Proposal 9: AP SRS spatial relation Indication MAC CE should be reflected for the SRS transmission after the MAC CE action timing, i.e. slot . No specification modification would be necessary because in the current specification the applied timing is defined as “for SRS transmission”.
Proposal 10: Koffset is not necessary for type 1 configured grant.
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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.
Agreement in RAN1#104b-e
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 in RAN1#105-e
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
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