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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. An overview of 3GPP non-terrestrial networks can be found in [2] and an overview of state of the art in LEO satellite access can be found in [2].
One objective of the NR NTN WI is to specify timing relationship enhancements for NTN. The discussion summary on this topic at RAN1#106bis-e can be found in the feature lead summary [4], and the agreements made can be found in the Appendix.
In this contribution, we discuss the remaining issues of timing relationship enhancements for NTN. 
2	Value range of 
It was agreed at RAN1#106bis-e to down-select one option from below for value range of K_offset:
	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.



Option 1 is straightforward, complete, and forward compatible. 
In contrast, Option 2 has several issues:
· The values in bracket need further discussion. For example, for GEO, the lower bound may need to start with 240 ms to cover the case where reference point is at the satellite.
· Along the line of the first bullet, there will be overlap between different scenarios, which further diminishes the minimal signaling saving (if any) in Option 2.
· The design is not complete with a few FFS’s requiring further discussion, which appears difficult as RAN1#107-e is the last meeting of Rel-17 NR NTN.
· It is also not forward compatible, imposing unnecessary deployment restrictions.

[bookmark: _Toc86998727]One value range of K_offset covering all scenarios is straightforward, complete, and forward compatible.
[bookmark: _Toc86998728]The value range of K_offset is 0 – 542 ms with a step size of 1 ms.
3	Value range of 
It was agreed at RAN1#106bis-e to down-select one option from below for value range of K_mac:
	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.



Option 1 is straightforward, complete, and forward compatible. 
In contrast, Option 2 has several issues:
· There are overlaps between different scenarios, which diminishes the minimal signaling saving (if any) in Option 2.
· The design is not complete with a few FFS’s requiring further discussion, which appears difficult as RAN1#107-e is the last meeting of Rel-17 NR NTN.
· It is also not forward compatible, imposing unnecessary deployment restrictions.
[bookmark: _Toc86998729]For the case where UE is provided by network with a K_mac value, the value range of K_mac is 1 – 271 ms with a step size of 1 ms.
4	UE specific  provided by MAC CE
It was agreed that the UE-specific K_offset can be provided and updated by network with MAC CE. Note that UE-specific K_offset is not much different from cell-specific K_offset. Thus, it is reasonable that MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.
In the worst GEO case, the maximum differential delay is 10.6 ms [5]. Thus, the maximum difference between UE-specific K_offset and cell-specific K_offset is no more than 21 ms. 
With the unit of K_offset being 1 ms, 5 bits are sufficient to signal the differential UE specific K_offset value in MAC CE. When updating the value in MAC CE, it is enough to directly provide the absolute differential UE specific K_offset value, rather than the differential “differential UE specific K_offset” value.
[bookmark: _Toc86998730]MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.
[bookmark: _Toc86998731]The value range of the differential UE specific K_offset value provided in MAC CE is 0 – 21 ms with a step size of 1 ms.
5	PDCCH ordered PRACH
During the draft CR review, the issue on how K_offset in PDCCH ordered PRACH relates to “” was brought up.
· The current agreement on K_offset enhanced PDCCH ordered PRACH is given by: 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.
· The term “” is absolute processing time between the reception of last symbol of the PDCCH order (which is in the DL) and the first symbol of the PRACH transmission (which is in the UL).
There are two possible cases:
· Case 1: The duration from the downlink slot  to the uplink slot  is greater than or equal to the processing time .
· Case 2: The duration from the downlink slot  to the uplink slot  is smaller than the processing time .
· If the uplink slot  occurs before the downlink slot , this duration has a negative value.
These two cases are illustrated in the figures below. 
· Case 1: There is no issue as UE processing time is respected. 
· Case 2: UE processing time is not respected. To fix the issue, two straightforward options may go as follows.
· Option 1: Treat this as error case, i.e., UE does not expect that the duration from the downlink slot  to the uplink slot  is smaller than the processing time . 
· Option 2: Add a small extra delay of  for the PRACH transmission, i.e., UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
[image: ]
Figure 1: The duration from the downlink slot  to the uplink slot  is greater than or equal to the processing time .
[image: ]
Figure 2: The duration from the downlink slot  to the uplink slot  is smaller than the processing time .

[bookmark: _Toc86998732]For K_offset enhanced PDCCH ordered PRACH timing relationship, down-selection one option from below:
· [bookmark: _Toc86971463][bookmark: _Toc86998733]Option 1: UE does not expect that the duration from the downlink slot  to the uplink slot  is smaller than the processing time .
· [bookmark: _Toc86971464][bookmark: _Toc86998734]Option 2: 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, where .
Conclusion
In the previous sections, we discuss timing relationship enhancements for NTN. We made the following observations: 
Observation 1	One value range of K_offset covering all scenarios is straightforward, complete, and forward compatible.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The value range of K_offset is 0 – 542 ms with a step size of 1 ms.
Proposal 2	For the case where UE is provided by network with a K_mac value, the value range of K_mac is 1 – 271 ms with a step size of 1 ms.
Proposal 3	MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.
Proposal 4	The value range of the differential UE specific K_offset value provided in MAC CE is 0 – 21 ms with a step size of 1 ms.
Proposal 5	For K_offset enhanced PDCCH ordered PRACH timing relationship, down-selection one option from below:
· Option 1: UE does not expect that the duration from the downlink slot  to the uplink slot  is smaller than the processing time .
· Option 2: 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, where .
[bookmark: _Toc86998735]
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Appendix A: RAN1 agreements on timing relationships
RAN1#102-e:
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.


RAN1#103-e:
[bookmark: _Hlk56149827]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.

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.
Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.
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.


RAN1#104-e:
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.


RAN1#104bis-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.


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


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.


RAN1#106bis-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.



RAN1#106bis-e (cont’d):
[bookmark: _Hlk85982428][bookmark: _Hlk85982914]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.
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