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Introduction
In this contribution, we share our views on timing relationship enhancements for NR NTN.

K_offset in initial access 

The range of K_offset
In RAN1#106b, the following agreement on the value range(s) of K_offset had been achieved [1].
	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.





The value of K_offset depends on the maximum possible TA compensation value in the cell or beam coverage area. TA compensation value is related to the altitude of the satellite and the position of the reference point. The RTT is quite different for different scenarios. For GEO, assume the max RTT between UE and gNB is 541.46 ms, the value range of K_offset could be 477 ms~542 ms.  For LEO, assume the max RTT between UE and gNB is 49 ms, the value range of K_offset could be 0 ms~49 ms. In our view, in order to reduce signaling overhead, different value range of K_offset can be defined based on different scenarios. Therefore, we support Option 2.
Proposal 1: Different value ranges of K_offset for different scenarios should be supported.

The unit of K_offset
In RAN1#106b, the following agreement on the unit of K_offset had been achieved [1].
	Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2


In our view, the reference subcarrier spacing value for the unit of K_offset in FR2 should be 120 kHz.
Proposal 2: For the reference subcarrier spacing value for the unit of K_offset in FR2, a value of 120 kHz is used.

Beam-specific K_offset in initial access
In RAN1#103e, it was agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. Beam specific K_offset configured in system information and used in initial access is FFS [2].
	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.


Since a cell in the NTN scenario may contain multiple beams and the coverage area of the cell is relatively large, the cell-specific value of K_offset configuration will bring more serious end-to-end latency. In this case, beam-specific values of K_offset configuration can achieve a good trade-off between end-to-end latency and signaling overhead. 
Proposal 3: Beam-specific values of K_offset configuration for initial access should be supported.

K_offset update
In RAN1#106b, for determining UE specific K_offset, the following two options had been discussed.
· Option 1: MAC CE provides a full UE specific K_offset value.
· Option 2: 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.
For Option 1, it could reuse the same value range as cell specific K_offset. There is no any possibility of misunderstanding on K_offset value between the gNB and the UE.
For Option 2, differential K_offset can save some overhead, but there exist some possiblity of misunderstanding between UE and gNB for the accummulated K_offset.  
Proposal 4: MAC CE provides a full UE specific K_offset value should be supported.

MAC CE timing relationships
In RAN1#106_e, the following agreement on MAC CE timing relationships has been achieved [3].
	Agreement:
The information of K_mac is carried in system information.


In this section, we share our further views on MAC CE timing relationships.

Update the information of K_mac
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The K_mac represents the RTT between the RP and gNB. The maximum value of unalignment is equal to the feeder link RTT, where the reference point is configured at the satellite. Since the TA values over service link and feeder link will change with the movement of the satellite, an update mechanism for the value of K_mac need to be supported. In our view, K_mac is cell-specific and can be update by the system information.
Proposal 5: K_mac can be update by the system information.

The unit of K_mac
In RAN1#106b, the following agreement on the unit of K_mac had been achieved [1].
	Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2


In our view, the reference subcarrier spacing value for the unit of K_mac in FR2 should be 120 kHz.
Proposal 6: For the reference subcarrier spacing value for the unit of K_mac in FR2, a value of 120 kHz is used.

The value range(s) of K_mac
In RAN1#106b_e, the following agreement on the value range(s) of K_mac had been achieved [1].
	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.





The value of K_mac represents the RTT between the reference point and gNB/GTW. The value of K_mac depends on the altitude of the satellite and the position of the reference point. Similar to K_offset, the value range of K_mac corresponding to different scenarios is different. In our view, in order to reduce signaling overhead, different value range of K_mac can be defined based on different scenarios. Therefore, we support Option 2.
Proposal 7: Different value ranges of K_mac for different scenarios should be supported.

PDCCH ordered PRACH
In RAN1#106_e, the follow agreement on PDCCH ordered PRACH had been achieved [3].
	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.
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.


Regarding of which value of  should be applied, our view is that either cell specific K_offset or UE specific K_offset can be applied to enhance the timing of PDCCH ordered PRACH. When the UE specific K_offset is configured, UE should apply the UE-specific K_offset to determine the next available PRACH occasion, otherwise, the cell-specific K_offset should be applied.
Proposal 8: Either cell specific K_offset or UE specific K_offset can be applied to enhance the timing of PDCCH ordered PRACH.

Conclusion
As summary, we have the following proposals.
Proposal 1: Different value ranges of K_offset for different scenarios should be supported.
Proposal 2: For the reference subcarrier spacing value for the unit of K_offset in FR2, a value of 120 kHz is used.
Proposal 3: Beam-specific values of K_offset configuration for initial access should be supported.
Proposal 4: MAC CE provides a full UE specific K_offset value should be supported.
Proposal 5: K_mac can be update by the system information.
Proposal 6: For the reference subcarrier spacing value for the unit of K_mac in FR2, a value of 120 kHz is used.
Proposal 7: Different value ranges of K_mac for different scenarios should be supported.
Proposal 8: Either cell specific K_offset or UE specific K_offset can be applied to enhance the timing of PDCCH ordered PRACH.
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