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Introduction
In RAN1 106e [1], the following agreements on timing relationships were made:
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.

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this document, we discuss remaining issues for timing relationships in NTN.
Discussions
It has been agreed that the units of K_mac and K_offset are the number of slots of a given subcarrier spacing. The exact subcarrier spacing to be used is still FFS. Two options that have been discussed are 
1) Using 15 kHz subcarrier spacing, i.e., the units of K_offset and K_mac are 1 ms. .
2) Using the subcarrier spacing of the SSB of the cell.
Although option 2 allows finer granularity than option 1 when a large subcarrier spacing is used, the benefit is unclear. A fraction of ms saving in scheduling delay is negligible compared to typical value of tens to hundreds of ms. In addition, frequent TA reporting and K_offset updating may be needed in order to fully exploit the benefit of finer granularity. A finer granularity also needs more bits in signalling.  In summary, option 1 is preferred.
Proposal 1: The units of K_offset and K_mac are 1 ms.
The value of  K_offset may vary largely depending on the deployment scenarios: a few tens of ms are expected for LEO and over 500 ms may be expected for GEO.  In addition, the minimal value of the K_offset of a cell cannot be smaller than the minimal RTD of the service link. To save the number of signalling bits, it is preferrable to define different value ranges for the K_offset depending on the deployment scenarios, e.g., orbit heights. The number of ranges and the boundary values for each range is up to RAN2 to define. If multiple ranges are defined, confusion of the range to be used may occur in practice. For instance, two different value ranges are used depending on if the orbit height is larger than 3000 km or not. There could be a constellation design where the orbit of a satellite may be larger than 3000 km sometimes and smaller other times. To solve this issue, optional signalling of the index of the value ranges should be supported. If not signalled, UE determines the value range based on the orbit height. 
Proposal 2: Different value ranges of K_offset depending on the orbit heights can be defined. 
· If multiple ranges are defined, optional signalling of the index of the value ranges in SIB is supported. If the index is not signalled, UE determines the value range depends on the orbit height. 

It has been agreed that in response to a PDCCH order UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH. For UEs configured with a UE specific K_offset, whether to apply the cell-specific or the UE-specific K_offset is still FFS. Depending on the knowledge about UE UL timing error, UE-specific K_offset may or may not be usable.  Hence, which of the two K_offset to use can be left to network to decide. Fortunately, there are still some unused bits in the DCI of a PDCCH order. If network indicates a cell-specific K_offset in the DCI, UE shall understand that previously configured UE specific K_offset is no longer valid.
Proposal 3: For UEs configured with UE-specific K_offset,  one bit in the PDCCH order DCI is used to indicate if cell-specific or UE-specific K_offset to be used.
· If cell-specific K_offset is indicated, UE -specific K_offset is no longer valid until reconfigured.


 
Conclusions
In this contribution, we have discussed several remaining issues concerning timing relationships with the following proposals:
Proposal 1: The units of K_offset and K_mac are 1 ms.
Proposal 2: Different value ranges of K_offset depending on the orbit heights can be defined. 
· If multiple ranges are defined, optional signalling of the index of the value ranges in SIB is supported. If the index is not signalled, UE determines the value range depends on the orbit height. 

Proposal 3: For UEs configured with UE-specific K_offset,  one bit in the PDCCH order DCI is used to indicate if cell-specific or UE-specific K_offset to be used.
· If cell-specific K_offset is indicated, UE -specific K_offset is no longer valid until reconfigured.
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