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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 open issues 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, and UE specific update of Koffset. Beam specific Koffset, details of Koffset indication and usages are FFS. Our views on these aspects are 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. 

UE specific update of Koffset 
In RAN1#106-e meeting, it was agreed that UE-specific Koffset can be provided and updated by network with MAC CE. UE specific Koffset in RRC reconfiguration is FFS. 
For GEO, the update of Koffset is not so frequent because of static position of the satellite. But, the range of the Koffset value is large. Because the maximum RTT for GEO is 541ms according to TR38.821, Koffset up to 4320 slots (i.e. the maximum RTT in slot for SCS 120kHz) need to be indicatable if the absolute value is used for the indication. In this case, 13 bits are necessary. If the differential value compared to the cell specific Koffset signaled in system information is used for the signaling, the range to be indicatable would be maximum differential RTT within a cell (i.e. RTT difference between farthest location and nearest location in a cell). Because the maximum RTT within a cell is 20.6ms, i.e. 165 slots for 120kHz SCS, according to TR38.821, the required number of bits are 8 bits in this case. For GEO, once the UE specific Koffset is configured, further update is never needed or would not needed for a long time. It would be natural to include the UE specific Koffset configuration in the RRC reconfiguration message. 
For LEO, the UE specific Koffset needs to be updated in accordance with the satellite movement. In this case, it would be preferable to indicate the relative value to the currently configure value using the MAC CE after RRC reconfiguration for overhead reduction. 2 or 3 bits including plus and minus values would be sufficient. 
Proposal 2: Support both RRC reconfiguration and MAC CE for the UE specific Koffset indication. For RRC reconfiguration, indication of absolute value or relative value to cell specific Koffset should be used. For MAC CE, indication of relative value to the current value should be used. 

Koffset usage
The following agreement on the Koffset usage was made in RAN1#105-e. 
	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



Regarding the first two FFS points on the transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH or MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI, it was clarified that there are no PDSCH or MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI for contention resolution in the specification in RAN1#106e [5]. Note that PDSCH scheduled by DCI with C-RNTI is mentioned in TS38.321 section 5.1.4a (section on MsgB reception), but this PDSCH is not called as MsgB. Therefore, these FFS are not valid. 
Regarding the 3rd FFS point, in RAN1#106e, it was discussed what Koffset values should be used when DCI 0_0/1_0, are used for the scheduling. Our view is that cell specific Koffset (i.e. Koffset indicated in system information) should be used for DCI 0_0/1_0. DCI 0_0/1_0 can be used to schedule fallback transmissions. In this case, the associated transmission should be based on a basic configuration, i.e. cell specific configuration, to avoid potential ambiguity or misalignment between gNB and UE. Furthermore, when UE specific Koffset is configured by RRC reconfiguration, the gNB can schedule the UE using DCI 0_0/1_0 without ambiguity of the transmission slot before receiving the response message to the RRC reconfiguration. 
Regarding the 4th FFS point, we don’t see the need of beam-specific Koffset as discussed in section 2.1. 
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. 

Koffset for PDCCH order PRACH
The following agreement on PDCCH order PRACH was made in RAN1#106e. 
	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.


Regarding which Koffset should be applied, it would depend on whether UE-specifically updated Koffset value can be considered as valid when PDCCH order RACH is triggered. The background assumption of use of Koffset for PDCCH order RACH timing is that the next available RO may be uncertain from gNB point of view in our understanding. It would be natural to consider the UE-specifically updated Koffset value may be uncertain as well. Furthermore, use of cell specific Koffset (i.e. Koffset in system information) is more aligned with the principle of TA behavior in Rel.15/16, i.e. NTA=0 for PRACH.   
Related to the 2nd FFS point, it was discussed the timing relationship is impacted by the validity of the NTN specific SIB contents such as satellite ephemeris and common TA parameters in RAN1#106e. In our view, the timing relationship of PDCCH order RACH and UE behavior on validity of NTN specific SIB contents should be handled independently. In RRC CONNECTED states, expiration of the validity timer for NTN specific SIB contents would be rare event because reading SIB is very basic function. If UE needs to re-read the NTN specific SIB contents every time when PDCCH order PRACH is triggered, it would take too much time considering that SIB re-reading would take relatively long time compared to Koffset. Instead, it would be more suitable to handle PDCCH order RACH timing relationship and validity of NTN specific SIB contents independently, i.e. when PDCCH order PRACH is triggered, the UE only re-read the SIB if the validity timer for the NTN specific SIB contents is expired. If UE can not transmit the PRACH on the next available RO after slot  due to the SIB re-reading, UE should skip the transmission of the PDCCH order PRACH. 
Proposal 4: Cell specific Koffset should be used to determine RO for PDCCH order RACH.
Proposal 5: Timing relationship of PDCCH order RACH and UE behavior on validity of NTN specific SIB contents should be handled independently.

Unit of Koffset
The following agreement on the unit of Koffset was made in RAN1#106e meeting. 
	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.



In Rel.15/16, subcarrier spacing is configured per BWP via dedicated RRC signaling. Different subcarrier spacings may be used for different BWPs. On the other hand, Koffset value is signaled in system information. Therefore, the signaled Koffset value needs to be applicable to any subcarrier spacings potentially configured for each UE and BWP (i.e. 15/30kHz for FR1, 60/120kHz for FR2). Therefore, it would be reasonable to use a reference subcarrier spacing for the Koffset. There would be four alternatives for the reference subcarrier spacing. 
Alt1: use 15kHz subcarrier spacing for both FR1 and FR2
Alt2: use 120kHz subcarrier spacing for both FR1 and FR2
Alt3: use 15kHz subcarrier spacing for FR1 and 60kHz subcarrier spacing for FR2 
Alt4: use 30kHz subcarrier spacing for FR1 and 120kHz subcarrier spacing for FR2
For all alternatives, the Koffset value to be added for timing relations is expressed as .
: indicated Koffset value 
:  for the reference subcarrier spacing
:  for subcarrier spacing configured for PUSCH/PUCCH
Alt1 has a merit of low signaling overhead while Alt2 has a merit of better granularity of Koffset for higher subcarrier spacing scenarios. Alt3 and Alt4 use different reference subcarriers for FR1 and FR2 and overhead and granularity are balanced. Signaling complexity for all alternatives would not differ so much. We think Alt3 or Alt4 are reasonable approach because allowed subcarrier spacings are different for FR1 and FR2. Alt4 is slightly preferable because of the finer granularity with just 1-bit additional overhead compared to Alt3. 
Proposal 6: Use 30kHz subcarrier spacing for FR1 and 120kHz subcarrier spacing for FR2 as the reference subcarrier spacing for Koffset signaling. 

Value range of Koffset
The following agreement on the value range of Koffset was made in RAN1#106e meeting. 
	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.



It was discussed whether to define different value range for different scenarios, GEO, MEO and LEO. In our view, this should follow the general direction of signaling design of NTN. That is, if separate signaling design is used for GEO, MEO and LEO in general (e.g. parameters such as common TA, satellite ephemeris), different value ranges of Koffset should be defined for different scenarios. If common signaling design is used for GEO, MEO and LEO in general, one value range of Koffset should be defined. 
Note that overhead reduction of Option 2 (different value range for different scenarios) is not so large according to the following observation. Therefore, separate signaling design only for Koffset signaling would make less sense. 
According to TR38.821 section 4.1, the altitude range of each satellite type is as follows. LEO 300-1500km, MEO 7000-25000km, GEO 35786km. The range of RTT including service link and feeder link in case of the minimum elevation angle 10 degrees are as follows. 
LEO 2-49ms (range 47ms), MEO 93-395ms (range 302ms), GEO 477-541ms (range 64ms)
The required number of bits for each option is as follows. 
Option 1: 0-541ms => 13bits (assuming 120kHz subcarrier spacing)
Option 2: 2bits for LEO/MEO/GEO identifier + 9bits for LEO/GEO, 12bits for MEO
(Note: 0-3 bits may be reduced for both options depending on the reference subcarrier spacing discussed in the previous section)
For LEO and GEO, 2 bits can be reduced by option 2 while for MEO, additional 1 bit is necessary. Therefore, the overhead reduction benefit of option 2 is small. Option 1 would be preferable for simplicity as long as only Koffset signaling is concerned. 
Proposal 7: The Koffset signaling design should follow the general direction of signaling design for NTN (i.e. common signaling or separate signaling for LEO/MEO/GEO). For Koffset signaling only, one value range covering all scenarios would be preferable.

Signaling for K_mac 
The following agreement on K_mac signaling was made in RAN1#106e. 
	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.



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 depends on feeder link delay and may vary in LEO scenarios, update of K_mac would be necessary. Unlike the update of Koffset, Kmac value is common for all UE’s in the cell. In addition, the latest updated Kmac value needs to be used even by initial access UEs because Kmac is used to ra-ResponseWindow during the RACH procedure. Therefore, it would be appropriate to update SIB containing Kmac rather than using UE dedicated signaling, similar to common TA parameters for LEO. The same mechanism for UE re-reading SIB using a validity timer as used for signaling of common TA parameters should be used.
Proposal 8: Update of K_mac based on SIB re-reading should be supported. The same mechanism for UE re-reading SIB using validity timer as used for signaling of common TA parameters should be used. 
Regarding the unit and value range of Kmac, the same design principle as Koffset signaling should be adopted. 
Proposal 9: The same design principle for unit and value range as Koffset should be adopted for Kmac signaling. 

UE reporting of information about UE specific TA pre-compensation 
In RAN1#106e, contents and trigger for UE reporting of information about UE specific TA pre-compensation was intensively discussed based on LS from RAN2[5] and the following RAN2 agreement.  
	RAN2 agreements via email - from offline 106: 
1. The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response). 
1. Reporting on the information about UE specific pre-compensation in connected mode is supported, FFS via RRC signalling or MAC CE 
1. Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed 
1. If configured, the UE shall report information of the UE specific TA pre-compensation to the target cell during the random access. FFS if a new indication in RRC reconfiguration with sync is needed or not (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell). 
1. Information about UE specific TA pre-compensation is not reported in RA procedures triggered due to “Request for Other SI”



The topic to be discussed/decided in RAN1 would be:
- unit (or granularity) of the reported value,
- whether the exact content is full TA (including UE specific TA and common TA) or UE specific TA only, and
- whether the reported value is absolute value or differential value.
Regarding the unit of the value, because the purpose of this UE report is to appropriately configure the UE specific Koffset, the same unit as Koffset (i.e. slot basis as discussed in section 2.5) would be preferable.  
Regarding full TA or UE specific TA only, gNB only needs to know UE specific TA because common TA part is known to the gNB. Moreover, the value range of UE specific TA is around half of the value range of full TA. Therefore, reporting only UE specific TA looks advantageous if the absolute value is used for the report. On the other hand, the reporting value range up to 270ms (i.e. range of service link RTT) would be necessary if absolute value is used, and it would cause too much overhead for MAC CE especially if it is reported in Msg 3 as in the RAN2 agreement. Therefore, reporting of differential value compared to the cell specific Koffset should be considered. If the differential value is used, full TA would be more suitable because the value range of differential value for full TA would be much smaller than the one for UE specific TA. This is because cell specific Koffset would basically be determined by the maximum RTT to be compensated by UE in a cell including both feeder link and service link. 
For GEO, because feeder link delay is fixed (non time-variant) for a deployment, the maximum value of the differential full TA compared to the cell specific Koffset is equal to the maximum RTT difference within a cell on service link as shown in Figure 1(a). The maximum RTT difference within a cell is twice of the maximum differential delay within a cell described in TR38.821 (i.e. 20.6ms).  
For LEO, because feeder link delay is time-variant, the difference between maximum feeder link RTT and minimum feeder link RTT needs to be considered in addition to the difference in service link. For both feeder link and service link, the maximum RTT is the RTT for elevation angle 10 degrees and the minimum RTT is the RTT for elevation angle 90 degrees. The maximum RTT difference including feeder link and service link (i.e. maximum value of the differential full TA compared to cell specific Koffset) for each deployment scenario are shown in Table 1. 
[image: ]         [image: ]
                             (a) GEO                                                                                       (b) LEO 
[bookmark: _Ref83331390]Figure 1 Range of full TA relative to cell specific Koffset
[bookmark: _Ref83331528]Table 1 RTT difference for each deployment scenario
	
	LEO 600km
	LEO 1200km
	GEO

	Max feeder link RTT difference 
	12.9 ms(@elev. angle 10°) 
- 4 ms(@elev. angle 90°)
= 8.9 ms
	20.9 ms(@elev. angle 10°) 
- 8 ms(@elev. angle 90°)
=12.9 ms
	0 

	Max service link RTT difference 
	12.9 ms(@elev. angle 10°) 
- 4 ms(@elev. angle 90°)
= 8.9 ms
	20.9 ms(@elev. angle 10°) 
- 8 ms(@elev. angle 90°)
=12.9 ms
	20.6 ms
(Maximum differential RTT within a cell)

	Max RTT difference including feeder link and service link 
	17.8 ms
	25.8 ms
	20.6 ms



For both GEO and LEO, it would be sufficient to support the reporting range up to 32ms including some margin if differential full TA value compared to cell specific Koffset is reported. In this case, the number of signaling bits is 5-8 bits depending on the reference subcarrier spacing.
Proposal 10: The unit of UE report of information about UE specific TA pre-compensation should be same as the one for Koffset signaling. 
Proposal 11: The contents of the UE report should be full TA (including both service link and feeder link) with differential value compared to cell specific Koffset to reduce the signaling overhead. 

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 UE specific Koffset indication. For RRC reconfiguration, indication of absolute value or relative value to cell specific Koffset should be used. For MAC CE, indication of relative value to the current value should be used. 
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: Cell specific Koffset should be used to determine RO for PDCCH order RACH.
Proposal 5: Timing relationship of PDCCH order RACH and UE behavior on validity of NTN specific SIB contents should be handled independently.
Proposal 6: Use 30kHz subcarrier spacing for FR1 and 120kHz subcarrier spacing for FR2 as the reference subcarrier spacing for Koffset signaling. 
Proposal 7: The Koffset signaling design should follow the general direction of signaling design for NTN (i.e. common signaling or separate signaling for LEO/MEO/GEO). For Koffset signaling only, one value range covering all scenarios would be preferable.
Proposal 8: Update of K_mac based on SIB re-reading should be supported. The same mechanism for UE re-reading SIB using validity timer as used for signaling of common TA parameters should be used.
Proposal 9: The same design principle for unit and value range as Koffset should be adopted for Kmac signaling.
Proposal 10: The unit of UE report of information about UE specific TA pre-compensation should be same as the one for Koffset signaling. 
Proposal 11: The contents of the UE report should be full TA (including both service link and feeder link) with differential value compared to cell specific Koffset to reduce the signaling overhead. 
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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
Agreement in RAN1#106-e
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.
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