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Introduction
In RAN #92-e, the WI on NB-IoT/eMTC for NTN has been approved and the following objectives has been captured for time/frequency synchronization as a RAN1 scope [1]:

	Specify the following IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.



In this contribution, we discuss on the timing relationship issues for IoT-NTN.
Discussion
Necessity of Koffset for NB-IoT/eMTC timing relationship
During SI phase, RAN1 studied which NB-IoT/eMTC timing relationship requires Koffset and agreed that the following timing relationships require Koffset for essential minimum functionality which is captured in TR 36.763 [2]: 
For NB-IoT:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
For eMTC:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
Since RAN1 has agreed already on the list of timing relationship requiring Koffset, the list can be confirmed as is in the TR 36.763 without any additional discussion during WI phase.
Proposal-1: Confirm timing relationship list requiring Koffset for essential minimum functionality for NB-IoT and eMTC in the TR 36.763. 
It is also discussed during SI that Koffset is not needed in some scenarios since the time offsets supported in NB-IoT/eMTC are larger than the worst-case TA value (i.e., worst case RTD). Therefore, it is straightforward for the network to configure Koffset=0 when worst case RTD is smaller than the time offset used for NB-IoT/eMTC.
Proposal-2: Support Koffset=0 configuration when worst case RTD is smaller than the maximum time offset supported for the timing relationships in NB-IoT/eMTC.

Koffset for PDCCH order to PRACH
During SI, RAN1 couldn’t reach a consensus on whether the Koffset is needed for PDCCH order to PRACH.
As per the current specification, a UE could determine a RO a few subframes later after the UE received NPDCCH/MPDCCH order at the subframe n. The issue is the same as in NTN that whether it is up to gNB implementation to blindly detect ROs over a certain time window given that the service link propagation delay can be different per UE significantly based on the deployment scenario (e.g., HAPS, LEO, and GEO). It also affects gNB scheduling of PRACH resources as time sharing of the PRACH resources becomes more difficult if a gNB has no knowledge which RO will be selected by UE. As such, this issue doesn’t seem to be an eMTC/NB-IoT specific issue which needs to be handled separately from NTN discussion. Therefore, we could use the same conclusion made in NTN for IoT-NTN in this case to save a time.
Proposal-3: Rely on the decisions made in the NR NTN WI for the use of Koffset for the PDCCH order to PRACH.

Beam-specific vs Cell-specific Koffset
In Rel-17 NTN NW, RAN1 has discussed on a similar issue and agreed to support at least cell-specific Koffset since it doesn’t increase signaling overhead and/or keep the existing SI design principle (i.e., same SI transmitted over beams) although it may increase latency for initial access. The beam-specific Koffset for initial access is still under discussion whether the initial access latency reduction can justify additional signaling overhead and specification impacts.
The beam-specific Koffset for initial access seems to be less motivated for eMTC and NB-IoT since those types of devices are delay tolerant and it only affects initial access. Note that the mobility and/or latency reduction are not the main focus of the current study. Therefore, a cell-specific Koffset seems to be enough for Rel-17 IoT-NTN for initial access. 
Proposal-4: Cell-specific Koffset is only considered for IoT-NTN for initial access.

Koffset update after initial access
In NR NTN, RAN1 has agreed to support Koffset update after initial access in order to reduce latency when multiple beams are used within a cell and/or a UE may be located in cell center. Unlike initial access, using beam-specific/UE-specific Koffset could be beneficial for IoT-NTN scenario to reduce performance loss due to large Koffset value. Note that HARQ enhancement is not supported for IoT-NTN in Rel-17.
Proposal-5: Koffset update after initial access is supported for IoT-NTN.
Proposal-6: Beam-specific Koffset update after initial access is supported for IoT-NTN.
For the Koffset update after initial access, UE-specific Koffset also can be considered to further reduce latency. However, unlike beam-specific Koffset, it could increase UE power consumption since it requires UE reporting of UE-specific TA value especially if it has to be reported during RRC idle mode. Therefore, it has to be investigated further if UE-specific Koffset is beneficial to offset the additional UE battery consumption to report UE-specific TA value.
Proposal-7: Investigate the benefits of UE-specific Koffset considering additional UE power consumption to report UE-specific TA value regularly.
Summary
In this contribution, we discussed on required change for timing relationship for Rel-17 IoT NTN. Based on the discussion, we propose following: 
Proposal-1: Confirm timing relationship list requiring Koffset for essential minimum functionality for NB-IoT and eMTC in the TR 36.763. 
Proposal-2: Support Koffset=0 configuration when worst case RTD is smaller than the maximum time offset supported for the timing relationships in NB-IoT/eMTC.
Proposal-3: Rely on the decisions made in the NR NTN WI for the use of Koffset for the PDCCH order to PRACH.
Proposal-4: Cell-specific Koffset is only considered for IoT-NTN for initial access.
Proposal-5: Koffset update after initial access is supported for IoT-NTN.
Proposal-6: Beam-specific Koffset update after initial access is supported for IoT-NTN.
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