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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#106bis-e meeting, the following agreements were achieved on timing relationship enhancements for NR-NTN [1].
	[bookmark: _Hlk61428717]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.


In this contribution, we provide our views on timing relationship and enhancements for NR-NTN.
2. Discussion
[bookmark: _Hlk61429655]The propagation delay in NTN can be up to hundreds of milliseconds, which is much larger than that in terrestrial networks. As discussed in [2], K_offset needs to be introduced to enhance the timing relationships of DL-UL interaction. In the following, we provide our views on K_offset/K_mac value range and some other timing related aspects for NTN.
2.1. K_offset and K_mac value range
The value ranges of K_offset for different scenarios were discussed at the previous RAN1 meetings, for defining the value range(s) of K_offset, down-select one of options as follows: 
· Option 1, one value range of K_offset covering all scenarios. 
· Option 2, different value ranges of K_offset for different scenarios. 
In last meeting, the concrete value range including min value, max value and step size for the two options has been discussed. For Option 1, the value range of K_offset is 0~541ms, 15kHz subcarrier spacing is used for the unit of K_offset in FR1. Hence, the required number of bits for Option 1 are 10 bits. For Option 2, the value of K_offset ranges from 0 to 49ms for LEO, 93 to 395ms for MEO, 477 to 542ms for GEO, and the number of bits required is 6 bits for LEO, 9 bits for MEO, and 7 bits for GEO. For Option 2, UE needs to know the current scenario type to determine the value range of K_offset. In our view, UE can know the scenario type from other information, e.g., ephemeris information. Hence, to reduce signaling overhead, different value ranges of K_offset for different scenarios are supported.
Proposal 1: Support different value ranges of K_offset for different scenarios (Option 2).
Same as K_offset, for defining value range of K_mac, different value ranges of K_mac for different scenarios are supported.
Proposal 2: Support different value ranges of K_mac for different scenarios (Option 2).
2.2. K1 range extension
In TDD systems, it is necessary to reserve enough GP (Guard Period) to avoid overlap between DL and UL slots. The length of GP is depending on the size of the cell. In NTN, according to [2], the maximum satellite beam size (edge-to-edge) can be up to 200 km for UAS platform, and there may be multiple beams in one cell. To reduce resource used as a GP, there will be more contiguous DL slots in one frame. Since currently the DCI field can only support 8 different K1 candidates, the flexibility of scheduling is quite limited. Increasing the number of K1 candidates is a direct way to avoid high scheduling restriction. For minimum spec impact, extending the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4 bits can be considered.
Proposal 3: Support to extend the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4 bits.
2.3. PDCCH ordered PRACH
In RAN1 #106 e-meeting, it was ag reed that K_offset is introduced to enhance the timing relationship of PDCCH ordered PRACH in NR NTN. However, which value of K_offset should be applied has not been determined yet. 
[bookmark: _Hlk82868834][bookmark: _Hlk86940896]Compared to the cell-specific K_offset, UE-specific K_offset has finer granularity, which can effectively reduce the delay of PRACH transmission, especially for UEs located in beam center. Even if UE-specific K_offset is inaccurate already, the blind detection burden will also be greatly reduced at the gNB side by applying the UE-specific K_offset to enhance the PDCCH ordered PRACH. Hence, if configured, UE-specific K_offset can be used to enhance the timing relationship for PDCCH ordered PRACH. Otherwise, cell-specific K_offset is applied.
[bookmark: _Hlk86941014]Proposal 4: Support to apply UE-specific K_offset to PDCCH ordered PRACH if configured; otherwise, cell-specific K_offset is applied.
[bookmark: OLE_LINK3]Another issue here is whether the n+K_offset timing relationship is impacted by UE behavior within or after the validity duration, for example, the received ephemeris information is no longer valid when PDCCH order is received. In our opinion, this case is quite rare, and the blind detection burden has been greatly reduced on the gNB side by the application of the K_offset enhancement. Hence, we believe that the n+K_offset timing relationship would not be impacted by UE behavior within or after the validity duration.
Proposal 5: The n+K_offset timing relationship is not impacted by UE behavior within or after the validity duration.
Conclusion
[bookmark: _Hlk86942320]In this contribution, some remaining issues on timing relationship enhancements for NR-NTN have been discussed, and the proposals made are summarized as below:
Proposal 1: Support different value ranges of K_offset for different scenarios (Option 2).
Proposal 2: Support different value ranges of K_mac for different scenarios (Option 2).
Proposal 3: Support to extend the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4 bits.
Proposal 4: Support to apply UE-specific K_offset to PDCCH ordered PRACH if configured; otherwise, cell-specific K_offset is applied.
Proposal 5: The n+K_offset timing relationship is not impacted by UE behavior within or after the validity duration.
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