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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 in order to timely finalization of Release 17. 
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 the longest RTT in a 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 Cell specific Koffset
The following agreement on the value range of Koffset was made in RAN1#106b-e meeting. 
	Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms
MEO: [93] – [395] ms
GEO: [477] – [542] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.






Regarding whether to adopt Option 1 or Option 2, 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. 
The required number of bits is calculated as follows. 
Option 1: 10 bits
Option 2: LEO 8 bits, MEO 11 bits, GEO 9 bits including 2 bits as LEO/MEO/GEO identifier bits 
Because benefit of the overhead reduction from Option 2 is marginal, Option 1 would be preferable from the perspective of Koffset indication only.
Proposal 2: 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 (Option 1) would be preferable.

Siganling for UE specific Koffset 
There are two alternatives on UE specific Koffset indication, absolute value indication and relative value indication. For relative value indication, the value relative to the cell specific Koffset is indicated to the UE. 
Alt1(absolute): Koffset = 
Alt2(relative): Koffset =  
In the following discussion, it is assumed that cell specific Koffset is determined by the network based on the maximum RTT in the deployment to avoid update of cell specific Koffset. UE specific Koffset is determined based on the RTT at the UE location. The maximum value of the UE specific Koffset is the maximum RTT in the deployment and the minimum value of the UE specific Koffset is the minimum RTT in the deployment. 
The Koffset range is 0-542ms which requires 10 bits for FR1 where the unit is slot length for 15kHz SCS according the agreement in RAN1#106b-e. For Alternative 1 (absolute indication), 10 bits are necessary for UE specific Koffset indication in the MAC CE. On the other hand, for Alternative 2 (relative indication), at most 6 bits are necessary according to the following analysis. 
For GEO, because feeder link RTT does not vary, the range of the UE specific Koffset is same as the maximum differential RTT within a cell, which is 20.6ms according to TR38.821. Therefore, if the UE specific Koffset indication is based on relative value compared to cell specific Koffset, the range of 0-20.6ms needs to be indicated, hence 5 bits are necessary for FR1. 
For LEO, the altitude range is 300-1500km and minimum elevation angle is 10 degrees according to TR38.821. For 1500km altitude (i.e. longest RTT scenario), the maximum RTT is 49ms, which corresponds to the case where the elevation angle for both feeder link and service link is 10 degrees. Cell specific Koffset would be set to 49ms in this case. For LEO, feeder link RTT varies in accordance with satellite movement. The minimum RTT, i.e. minimum value of the UE specific Koffset, in this deployment is 20ms, which corresponds to the case where the elevation angle for both feeder link an service link is 90 degrees. Therefore, the range of the relative value indication for UE specific Koffset is 0-29ms, hence 5 bits are necessary for FR1.
For MEO, the maximum RTT (corresponds to elevation angle 10 degrees) is 395ms while the minimum RTT (corresponds to elevation angle 90 degrees) is 333ms. Therefore, cell specific Koffset would be set to 395ms and the minimum value of UE specific Koffset would be 333ms. If the relative value indication is used for UE specific Koffset,  the range 0-62ms needs to be indicated, hence 6 bits are necessary for FR1. 
From above analysis, 4 or 5 bits can be saved by the relative value indication. This would be sufficiently large overhead reduction as the MAC CE signaling. 
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Figure 1 Range of UE specific Koffset (K_offset,UE) relative to cell specific Koffset (K_offset,cell)

Proposal 3: UE specific Koffset indication should use relative value to cell specific Koffset 

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 4: 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.   
In RAN1#106b-e, there was a proposal to reset the configured UE specific Koffset when PDCCH order PRACH is triggered. In our view, the reset of UE specific Koffset would not be necessary. The network can indicate UE specific Koffset after PRACH reception using the MAC CE if needed. If there is an ambiguity period, the network can use fall back DCIs for the scheduling with cell specific Koffset as discussed in section 2.4. 
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 5: Cell specific Koffset should be used to determine RO for PDCCH order RACH.
Proposal 6: Timing relationship of PDCCH order RACH and UE behavior on validity of NTN specific SIB contents should be handled independently.

Signaling for K_mac 
The following agreement on K_mac signaling was made in RAN1#106b-e. 
	Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2

Agreement:
For defining value range(s) of K_mac, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_mac covering all scenarios.
	[1] – [271] ms
	Same as the unit of K_mac

	Option 2: Different value ranges of K_mac for different scenarios.
	LEO: [1] – [25] ms
MEO: [1] – [198] ms
GEO: [1] – [271] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_mac

	Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.
Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


· 


Regarding one value range covering all scenarios (Option 1) or different value ranges for different scenarios (Option 2), the same design principle as Koffset signaling should be applied. 
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 7: 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. 

UE reporting of information about UE specific TA pre-compensation 
The following was agreed in RAN1#106b-e. 
	Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity

Agreement:
RAN1 to conclude the following as a basis to reply to RAN2:
· RAN1 definition of UE’s TA is given by the following agreement:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
· In addition, RAN1 has agreed the following for UE TA reporting:
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
· It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.



Because the reported TA is used for determination of UE specific Koffset, the same granularity with Koffset (i.e. based on 15kHz for FR1) would be a natural choice. 
Round up or down might not be a big issue as long as gNB and UE have the same understanding. Either would work well. But, considering Koffset should be equal to or larger than actual RTT, round up would be straightforward.  
Proposal 8: The granularity of reported TA should be same as the granularity of Koffset. Round up to the granularity should be used. 

Conclusion 
In this contribution, we discussed NTN timing relationship and proposed the following. 
Proposal 1: Beam specific Koffset is not necessary. 
Proposal 2: 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 (Option 1) would be preferable.
Proposal 3: UE specific Koffset indication should use relative value to cell specific Koffset 
Proposal 4: 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 5: Cell specific Koffset should be used to determine RO for PDCCH order RACH.
Proposal 6: Timing relationship of PDCCH order RACH and UE behavior on validity of NTN specific SIB contents should be handled independently.
Proposal 7: 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 8: The granularity of reported TA should be same as the granularity of Koffset. Round up to the granularity should be used.
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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.

Agreement in RAN1#106b-e
Agreement:
Signalling one value for cell-specific K_offset is supported.

Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2

Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity

Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms
MEO: [93] – [395] ms
GEO: [477] – [542] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.



Agreement:
For defining value range(s) of K_mac, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_mac covering all scenarios.
	[1] – [271] ms
	Same as the unit of K_mac

	Option 2: Different value ranges of K_mac for different scenarios.
	LEO: [1] – [25] ms
MEO: [1] – [198] ms
GEO: [1] – [271] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_mac

	Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.
Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.



Agreement:
RAN1 to conclude the following as a basis to reply to RAN2:
· RAN1 definition of UE’s TA is given by the following agreement:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
· In addition, RAN1 has agreed the following for UE TA reporting:
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
· It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.




4

6
3GPP
image1.png
\EEO satellite

‘\\ Feeder link
S non time-variant
 df

Service link

. S,
ds_min \‘
gNB

UE1 UE2
(farthest location) (nearest location)

K_offset,cell : 2(df + ds_max)
Max value of K_offset,UE: 2(df + ds_max)
Min value of K_offset,UE : 2(df + ds_min)

Max relative value of K_offset,UE to K_offset,cell :
2(df + ds_max) — 2(df + ds_min) = 2(ds_max — ds_min)

max differential delay within a cell




image2.png
LEO satellite

\(;:IX

‘Mufsederlink delay \ Feeder link

\
,Min feeder link delay
\\ df_min

7
4
a

UE1 UE2

K_offset,cell : 2(df_max + ds_max)
Max value of K_offset,UE: 2(df_max + ds_max)
Min value of K_offset,UE : 2(df_min + ds_min)

Max relative value of K_offset,UE to K_offset,cell :
2(df_max + ds_max) — 2(df_min + ds_min)
= 2(df_max — df_min) + 2(ds_max — ds_min)

feederlink delay range ~ service link delay range




image3.png
Nra + Nrave—speciic + NTacommon + N1aofteet) X T




image4.png




image5.png
N 1A UE—specific




image6.png




image7.png




image8.png
n + 3NSHbIramer 4 g

 oinr mac




image9.png
Nra+ Nravge—specific + Nta.common + NTaoftser ) X T




image10.png
Tra = (N1a+ Nravg—specific + NTacommon + Ntaofset) X T




image11.png
x T,

NTacommon




image12.png




image13.png
N1 offset




image14.png




image15.png
N+ Koffeor




image16.png
Npa + Nra us—specitic + NTa,common + Nta offset) X Te




image17.png




image18.png
Koffeor




image19.png




