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Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 in [1]. One of the objectives is timing relationship enhancement to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN. In this contribution, we discuss our views on some open issues of timing relationship enhancements in NTN.
Discussion 
K_offset update
In RAN1 106bis e-meeting, the MAC CE design to provide UE specific K_offset were discussed there are two options on the table for providing UE specific K_offset in MAC CE:
· Option 1: Full value.
· Option 2: Differential value. 
Comparing with Option 1, Option 2 could save overhead signalling in several bits. However, Option 2 increases the complexity of the K_offset update. If Option 2 is applied, missing a MAC CE that updates the K_offset will result in incorrect K_offset at the UE side. As the absolute K_offset is not provided in Option 2, the UE may need to initiate RACH if timing misalignment is detected; or the network may need to resend the differential timing value. As the consensus has been reach in the previous RAN1 meetings, the update of K_offset is not frequent. Even though Option 1 consumes a bit more overhead signalling, it simplifies the K_offset update procedure significantly. Application of Option 1 will provide NTN UEs the full value of K_offset resulting in no ambiguity between the UEs and network. The detailed design is MAC CE is RAN 2’ work.
Proposal 1 [bookmark: _Ref86413927]The MAC-CE containing the K_offset update provides the full value of K_offset. 
Proposal 2 [bookmark: _Ref86414054]RAN 2 to design the detailed design of the corresponding MAC CE. 

K1/K2 range extension  
In RAN1#104-e, the following was agreed.
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.
The intention for K1 range extension is to support more flexible network scheduling flexibility in case of an NTN UE operated in TDD or half-duplex FDD modes for e.g., ATG scenario. In Rel-15/16, PDSCH-to-HARQ_feedback timing indicator field size can be up to 3 bits and the actual field length depends on the number of RRC configured K1 values. Since there is no agreement on increasing the number of candidate K1 values beyond 8, there should not be any impact on the size of the PDSCH-to-HARQ_feedback timing indicator field. However, a concern was raised in the previous meeting that this can impact the scheduling flexibility. In [2], feature lead recommended to provide input on whether it is necessary to address the following scenario to make further progress on this topic. 
[image: A screenshot of a computer

Description automatically generated with medium confidence]
Figure 1 Recommended scenario for discussion from [2]
Figure 1 Recommended scenario for discussion from [2]
As the example shown above, for the scheduling with larger HARQ process number, since currently the DCI field (3 bits) can only support 8 different K1 candidates, the flexibility of scheduling is quite limited. So, there is need to further enhance it, e.g., extending the value range with 4 bits or other solutions.

In our opinion, even if such a scenario is to be addressed, scheduling flexibility can be increased without increasing DCI size e.g., by introducing solutions such as configurable/fixed offset or configuring different sets of candidates K1 values for PDSCH in different slots.
Proposal 3 [bookmark: _Ref86257031]The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI is not changed when the range of the K1 value is extended from (0..15) to (0..31). 

PDCCH ordered PRACH  
In NTN scenario, gNB may not be able to know a valid RACH occasion (RO) since it depends on the TA of the UE, which may not be available when there is a PDCCH ordered PRACH transmission. This can cause ambiguity on PDCCH ordered PRACH transmission and increase the complexity of gNB blind detection. If no additional offset is introduced, blind detection period can be quite large due to large maximum RTT difference among UEs within an NTN cell. This can affect PRACH resource efficiency as gNB has to avoid allocating the same PRACH resources to the UEs in the blind detection period. Therefore, it has been agreed to support timing offset for PDCCH ordered PRACH and following was agreed in RAN1#106-e meeting:
Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot n, UE determines the next available PRACH occasion after uplink slot n+Koffset 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 NTA=0 is assumed for PDCCH ordered PRACH.
· FFS: Which value of Koffset should be applied
· FFS: Whether the n+Koffset timing relationship is impacted by UE behavior within or after the validity duration.
In our view, cell specific K_offset should be applied for determination of PRACH occasion. The second FFS point was added due to a concern that simply adding K_offset may not completely address the gNB complexity issue if the UE needs to update common TA related parameters or re-read the SIB to update ephemeris before PRACH transmission. Since it has been agreed in RAN1 that validity duration is configured by the network, both gNB and UE will have common understanding on the validity duration of the ephemeris data. Therefore, gNB can avoid using PDCCH order to initiate a RACH before UE acquires modified SIB to update the ephemeris and common TA through SI update procedure. However, if the PDCCH ordered RACH is performed in some scenarios, cell specific K_offset for PRACH occasion is determined considering the time required by the UE to update ephemeris and TA related parameters. 
Proposal 4 [bookmark: _Ref86257046][bookmark: _Ref86406847]gNB complexity issue can be addressed by using cell specific K_offset for PDCCH ordered RACH occasion using. 

Conclusion 
From the discussion, we have the following observations and proposals: 
Proposal 1. The MAC-CE containing the K_offset update provides the full value of K_offset.
Proposal 2. RAN 2 to design the details of the corresponding MAC CE.
Proposal 3. The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI is not changed when the range of the K1 value is extended from (0..15) to (0..31)
Proposal 4. gNB complexity issue can be addressed by using cell specific K_offset for PDCCH ordered RACH occasion using.
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