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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.

[bookmark: _Ref129681832]Discussion
K_offset Update
The time offset K_offset is introduced to handle the offset between the UE’s downlink and uplink frame timing due to large propagation delay in NTN.  In RAN1#103-e meeting, following agreement was made for K_offset used in initial access.
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 system information is repeated across the beams, configuring cell specific K_offset can reduce signaling overhead. On the other hand, beam specific K_offset can reduce scheduling latency in the scenarios where coverage area of a cell is relatively large and the cell may contain multiple beams. In this case, the resulting increase in overhead due to broadcasting a list of K_offset values can be significant particularly when the number of supported beams in the cell is large. Since benefit of beam specific K_offset is limited to transmissions during initial access, we prefer not to support beam specific K_offset configured for use in initial access unless a simple low overhead solution is available for signaling beam specific offset values with marginal specification impact.
Proposal 1: Support cell specific K_offset value only configured in system information for use in initial access. 
Another issue is whether to use implicit and/or explicit signaling of K_offset in system information. Implicit determination of K_offset offers the benefit of reduced signaling overhead. However, it also requires more effort for defining dependence of K_offset on other timing related parameters carried in the system information. Therefore, it is preferred to support explicit signaling of K_offset in system information.
Proposal 2: Support explicit signaling of K_offset used in initial access in system information.
Update of K_offset after initial access is also supported and the following was agreed in RAN1#104-bis-e meeting:
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
After further discussion in RAN1#105-e meeting, feature lead recommended following two options [2] for further discussion in this meeting.
· Option 1: support MAC CE option
· Option 2: support both MAC CE option and RRC reconfiguration option

K_offset is related to the RTT which in turn determines the timing advance (TA). Due to large variation in the propagation delay of the UEs in an NTN cell, K_offset update after initial access must be UE specific. In our opinion, either of the above two options can be supported for updating K_offset. Since it is generally preferred to avoid frequent updates to reduce signaling overhead, therefore, it must be discussed that when and how K_offset update is triggered. Since UE has full knowledge of its TA, it can be configured to trigger K_offset update either periodically or when certain preconfigured conditions are met.
Proposal 3: Support UE based triggering for K_offset update after initial access.

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 our opinion, scheduling flexibility can be increased without increasing DCI size e.g., by introducing solutions such as configurable/fixed offset or configuring different sets of candidate K1 values for PDSCH in different slots.
Proposal 4: 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  
The issue whether an NTN UE shall apply an estimated TA value on the “next available PRACH occasion” when random access is triggered by DCI has been discussed in the previous meetings without reaching any agreement. The issue arises in NTN scenario because the gNB may not be able to know a valid RACH occasion (RO) as it depends on the TA of the UE, which may not be available when there is a PDCCH ordered PRACH transmission. To address this issue, following two options have been discussed in the previous meetings.

Option 1: It can be left to the network to configure PDCCH ordered RACH resources to mitigate blind detection attempts at the gNB. This implies no new enhancement/timing offset is supported for PDCCH ordered PRACH.
Option 2: Introduce a timing offset in addition to the minimum gap, in Rel-15/16, between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission. 

The additional timing offset, in option 2, can remove the ambiguity on PDCCH ordered PRACH transmission and reduce 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 is preferred to support timing offset for PDCCH ordered PRACH.
Proposal 5: An additional timing offset for PDCCH ordered PRACH is supported. 
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From the discussion, we have the following proposals.
Proposal 1: Support cell specific K_offset value only configured in system information for use in initial access. 
Proposal 2: Support explicit signaling of K_offset used in initial access in system information.
Proposal 3: Support UE based triggering for K_offset update after initial access.
Proposal 4: 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 5: An additional timing offset for PDCCH ordered PRACH is supported. 
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