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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106-e, the following were agreed on timing relationship enhancements for NTN [1]:
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:
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.
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.

In this contribution, we discuss the remaining details of timing relationship enhancements for NTN.
[bookmark: _Ref129681832]Discussion
K_offset in initial access
Signalling of cell-specific K_offset 
For the determination of cell-specific K_offset, RAN1 has been discussing the down-selection from two options. In option 1, one offset value for K_offset is explicitly signaled, wherein the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point. In option 2, K_offset is the sum of two offset values, wherein the first offset value is expected to cover the RTT between serving satellite and reference point or determined by common TA, and the second offset value is expected to cover RTT of service link. As agreed in RAN1#104bis-e, common TA is indicated to determine the TA for Msg1/MsgA transmission. From this it follows that K_offset can be derived from the common timing offset following Option 2:
K_offset = ⌈ Common_TA/slot_duration ⌉+△K
wherein the Common_TA can be considered as the first offset value, and △K, which is determined by the maximum service link RTD within the cell coverage area, can be considered as the second offset value.
From signaling overhead point of view, option 2 is better than option 1 as only △K needs to be signaled. It was argued that the signaling overhead saving of option 2 is only 1 bit compared to option 1. Except for the fact that the 1 bit saving almost comes for free, option 2 has some other advantages. Given that K_offset is the sum of common TA and △K in option 2, the value of K_offset can be updated even when the UE does not reacquire the SIB since common TA can be updated based on a predefined formula within the validity period as discussed in [2]. For option 1, K_offset can only be updated when the UE reacquires the SIB. Therefore, a conservative K_offset has to be indicated with option 1. Even though it is still possible to update K_offset with option 1, each time several slots are added to the one decided by the maximum TA. This leads to a longer scheduling delay. 
As discussed in [2], although common TA is time varying, it can be derived based on a predefined formula with a set of parameters and both gNB and UE can determine the value of K_offset based on the same formula as well as the same set of parameters. Therefore, the variation of common TA does not lead to misalignment between gNB and UE about the value of K_offset.
Observation 1: The time-varying common TA does not lead to misalignment between the gNB and UE about the value of K_offset.
Proposal 1: For determination of cell-specific K_offset in system information, K_offset is equal to the sum of two offset values 
· The first offset value is equal to common TA signaled in system information 
· The second offset is signaled in system information and covers the maximum service link RTD within the cell.
0. Beam specific K_offset in initial access
In NTN, the maximum RTD within a cell may 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. Applying beam specific K_offset in the initial access can reduce the scheduling delay during RACH stage hence reduce the access delay. 
To support beam specific K_offset for initial access, one can extend option 2 for the determination of cell-specific K_offset by using a 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 = ⌈ Common_TA/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. 
Proposal 2: For determination of beam specific K_offset used in initial access if supported, K_offset is equal to the sum of two offset values 
· The first offset value is equal to common TA signaled in system information 
· The second offset is signaled in Msg2 and covers the maximum service link RTD within the beam.
Similar to cell-specific K_offset, if a UE is provided with a beam-specific K_offset value in Msg2 or MsgB, the beam-specific K_offset value will be 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
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
Proposal 3: If a UE is provided with a beam-specific K_offset value, the beam-specific K_offset value is 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
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
0. Unit and range of K_offset 
It was agreed that the unit of K_offset is number of slots for a given subcarrier spacing. There can be quite many different flavors of subcarrier spacing for K_offset, e.g. SCS of SSB, SCS of RMSI, SCS of a certain BWP, a configurable SCS, etc. For simplicity, we propose to use the largest SCS of data channel for each frequency range, i.e. 60kHz for FR1 and 120kHz for FR2.
Proposal 4: The unit for K_offset is 60kHz for FR1 and 120kHz for FR2.
The value of K_offset will be not smaller than the minimum RTD when both UE and GW are at nadir point and not larger than the maximum RTD when both UE and GW are at minimum elevation angle. According to Table 4.1-1 from TR38.821, different value ranges of K_offset can be derived for different scenarios For K_offset in initial access, if option 1 is adopted, a second offset value △K  should be indicated to the UE. The range of △K are calculated based on the minimum RTD and maximum RTD in Table 1.
Table 1: Range of △K for different scenarios
	Scenarios
	Altitude range
	△K

	LEO
	300 – 1500 km
	FR1:(8, 9,…98); 
FR2:(16, 17, …, 195)

	MEO
	7000 – 25000 km
	FR1:(187, 188, …, 791); 
FR2:(374, 375 ,…, 1582)

	GEO
	35 786 km
	FR1 (955, 1083); 
FR2:(1909, 2166)

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	FR1:(1, 2 ,…, 7); 
FR2:(1, 2 ,…, 14)


Based on Table 1, it can be observed that the number of required bits for △K is 10 bits for FR1 and 11 bits for FR2.
Proposal 5: 10 bits is adopted for △K for FR1 and 11 bits for FR2 to cover all scenarios.
Update of K_offset after initial access
For the update of K_offset after initial access, MAC CE based signalng was agreed at RAN1#106-e, and the need of RRC reconfiguration was left open. It seems redundant to support RRC configuration for the same purpose, let alone the frequent reconfigurations and longer application latency required.
Proposal 6: There is no need to support RRC configuration for K_offset update.
For UE-specific K_offset, a UE needs to report some information, e.g., UE location or UE-specific TA to help the gNB to track the change of K_offset. From signalling overhead point of view, it is beneficial to report UE location when UE is stationary or with low speed. UE-specific TA report will be more frequent as it will be impacted by the movement of satellite. It should be noted that the location information does not need to be the UE precise location. A course UE location is sufficient to determine the value of UE-specific K_offset. 
For the first TA reporting, the UE can report its full TA or location during the initial access, e.g. in MsgA for 2-step RACH and in Msg3 for 4-step RACH. As TA reporting is used to determine the value of UE specific K_offset, it is sufficient to report TA with a same granularity as K_offset, i.e. in the number of slot. For subsequent TA update, only 1 bit is sufficient, i.e. a differential value compared to the last report. The update of UE specific K_offset can either done in a periodic or event triggered manner carried by UCI.
Proposal 7: UE reports its full TA or location during initial access, e.g. in MsgA for 2-step RACH and in Msg3 for 4-step RACH for the first time.
Proposal 8: Differential indication with a granularity of one slot is adopted for UE-specific K_offset update.
Proposal 9: Support TA update reporting using UCI in a periodic or event triggered manner.
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 1, the gNB should configure UE’s first transmission occasion (N = 0) with Offset larger than UE-TA.
[image: ]
Figure 1 Illustration for timing relationship of configured grant type 1
According to the current MAC specification [4], 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 10: By extending the range of timeReferenceSFN-r16, there can be sufficient scheduling flexibility to fulfil the timing relationship for configured grant type 1.
Exceptional MAC CE timing relationship
The MAC CE timing for aperiodic CSI Trigger State subselection indication is described in TS38.214 section 5.2.1.5.1:
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. 

According to the excerpt above, it can be observed that the timing for the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field has not taken the UE-specific TA into account, i.e. logical timing relationship is used. Therefore, both the gNB and UE will assume that the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied from the first slot that is after slot . Consequently, the gNB can only trigger CSI based on the updated CSI triggering state from the first slot that is after slot  since the gNB has no idea whether UE has correctly decoded the PDSCH carrying the updated subselection indication. This is illustrated in Figure 3. 
[image: ]
Figure 3 Illustration for MAC-CE timing relationship
The MAC CE timing for updating the spatial relation of the aperiodic SRS is described in TS38.214 section 6.2.1
-	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 discussion above, the MAC CE action timing for updating the spatial relation of the aperiodic SRS also has not taken the UE-specific TA into account, i.e. logical timing relationship is used. Therefore, both the gNB and UE will assume that the updated spatial relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot . Consequently, the gNB can only trigger SRS assuming the updated spatial relation from the first slot that is after slot 
Proposal 11: The MAC CE action timing for the aperiodic CSI Trigger State subselection indication and updating the spatial relation of the aperiodic SRS are for the CSI request and SRS triggering respectively.
On K1 range extension
In RAN1#104-e, it was agreed that the value range of K1 is extended from (0, 15) to (0, 31) to better support some TDD UL/DL configurations in ATG scenario. One remaining issue is whether the size of the PDSCH-to-HARQ_feedback timing indicator field should be extended. If the PDSCH-to-HARQ_feedback timing indicator field is extended to 4 bits, the scheduling flexibility can be improved, and an alternative solution is to re-interpret K1 as number of slot groups rather than number of slots, which avoid modification to DCI format while keep backward compatibility. 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 4 Illustration for K1 range
With properly scheduling, the HARQ-ACK information can still be uniformly mapped on UL-slots, based on this consideration, the benefit of scheduling flexibility by extending the PDSCH-to-HARQ_feedback timing indicator field may not justify the extra signalling overhead .Therefore, to minimize the specification impact, DCI field extension or new DCI format is not preferred.
Proposal 12: K1 indication can be enhanced without impact on the size of DCI by re-interpreting PDSCH-to-HARQ_feedback timing indicator field.
PDCCH ordered PRACH
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. There are two remaining issues for PDCCH order PRACH. The first issue is which value of  should be applied for PDCCH ordered PRACH. Given the UE is in RRC_CONNECTED mode, a UE-specific K_offset if configured can be applied.
The second issue is whether the  timing relationship is impacted by UE behavior within or after the validity duration. As discussed in [2], the UE may still maintain UL synchronization even when the validity timer of satellite ephemeris is expired. Therefore, there is no coupling between the two procedures hence the timing relationship is not impacted.
Proposal 13: 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.
· K_offset is the UE-specific K_offset if configured and cell-specific K_offset otherwise.
· The  timing relationship is not impacted by the UE behavior within or after the validity duration
Beam failure recovery
Although NTN channel is dominated by LOS, there is still a large possibility of NLOS especially when the elevation angle is small according to the channel model in TR 38.811 [5]. Therefore, beam failure recovery is still useful in NR NTN as UE can change to the neighboring beams when it is located in the junction of beams. Moreover, one service area may be covered by two beams inter or intra satellites for improving the coverage or throughput. In this case, UE can choose an alternative beam when beam failure happens.
For beam failure recovery, the timing relationship between PRACH transmission and PDCCH monitoring at UE are defined as follows:
For the PCell or the PSCell, the UE can be provided, by PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Clause 8.1. For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot [image: ] within a window configured by BeamFailureRecoveryConfig. 

[image: ]
Figure 5 Illustration of timing relationship for Beam failure recovery 
As shown in Figure 5, an additional offset shall be introduced between PRACH transmission and PDCCH monitoring, i.e. the UE shall monitor PDCCH starting from slot n+4+BFR_offset, wherein the BFR_offset equals to RTD-TA=K_mac.
Proposal 14: The timing relationship for beam failure recovery needs to be enhanced with K_mac, i.e. a UE monitors PDCCH from slot n+4+K_mac within a window configured by BeamFailureRecoveryConfig.
The delay between PDCCH reception and application of new PUCCH beam is described in TS 38.213. 
For the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationInfo [11, TS 38.321] or is provided PUCCH-SpatialRelationInfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using 
-	a same spatial filter as for the last PRACH transmission
-	a power determined as described in Clause 7.2.1 with [image: ], [image: ], and [image: ] 


For the above, the referred 28 symbols can be interpreted as an absolute time between the last symbol of PDCCH reception and the time when UE applies new PUCCH beam (interpretation 1), i.e. the effect of TA needed to be taken into consideration at the UE. The UE behavior with respect to its PUCCH beam adjustment is clear but for NTN it is better to have some further clarifications in specification to align the timing between gNB and UE.
Proposal 15: The 28 symbols delay between PDCCH reception and application of new PUCCH beam can be interpreted as an absolute time and clarifications of the specification is needed for NTN.
Conclusion
In this contribution, we further discuss the issues of timing relationship. The following observations and proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The time-varying common TA does not lead to misalignment between the gNB and UE about the value of K_offset.
Proposal 1: For determination of cell-specific K_offset in system information, K_offset is equal to the sum of two offset values 
· The first offset value is equal to common TA signaled in system information 
· The second offset is signaled in system information and covers the maximum service link RTD within the cell.
Proposal 2: For determination of beam specific K_offset used in initial access if supported, K_offset is equal to the sum of two offset values 
· The first offset value is equal to common TA signaled in system information 
· The second offset is signaled in Msg2 and covers the maximum service link RTD within the beam.
[bookmark: _GoBack]Proposal 3: If a UE is provided with a beam-specific K_offset value, the beam-specific K_offset value is 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
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
Proposal 4: The unit for K_offset is 60kHz for FR1 and 120kHz for FR2.
Proposal 5: 10 bits is adopted for △K for FR1 and 11 bits for FR2 to cover all scenarios.
Proposal 6: There is no need to support RRC configuration for K_offset update.
Proposal 7: UE reports its full TA or location during initial access, e.g. in MsgA for 2-step RACH and in Msg3 for 4-step RACH for the first time.
Proposal 8: Differential indication with a granularity of one slot is adopted for UE-specific K_offset update.
Proposal 9: Support TA update reporting using UCI in a periodic or event triggered manner.
Proposal 10: By extending the range of timeReferenceSFN-r16, there can be sufficient scheduling flexibility to fulfil the timing relationship for configured grant type 1.
Proposal 11: The MAC CE action timing for the aperiodic CSI Trigger State subselection indication and updating the spatial relation of the aperiodic SRS are for the CSI request and SRS triggering respectively.
Proposal 12: K1 indication can be enhanced without impact on the size of DCI by re-interpreting PDSCH-to-HARQ_feedback timing indicator field.
Proposal 13: 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.
· K_offset is the UE-specific K_offset if configured and cell-specific K_offset otherwise.
· The  timing relationship is not impacted by the UE behavior within or after the validity duration
[bookmark: _Hlk82855090]Proposal 14: The timing relationship for beam failure recovery needs to be enhanced with K_mac, i.e. a UE monitors PDCCH from slot n+4+K_mac within a window configured by BeamFailureRecoveryConfig.
Proposal 15: The 28 symbols delay between PDCCH reception and application of new PUCCH beam can be interpreted as an absolute time and clarifications of the specification is needed for NTN.
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