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The study on NB-IoT/eMTC support for NTN was approved with the following RAN1 objectives [1]:
RAN1
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
- Aspects related to HARQ operation [RAN2, RAN1]

In this contribution, we discuss the timing relationship enhancements for IoT over NTN.

[bookmark: _Ref129681832]Discussion
Timing relationship enhancements 
The propagation delay in NTN can be in the order of several milliseconds to hundreds of milliseconds, which is much larger than that in terrestrial networks [2]. Similar to NR NTN UE, an IoT device in case of NTN deployment also needs to apply a large TA value, which leads to a large offset in its DL and UL frame timing. Therefore, some timing relationships need to be enhanced. For example, transmission timing for NPUSCH scheduled by UL grant, transmission timing for HARQ-ACK on NPUSCH and so on. 
As a general principle, the Koffset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships involving DL-UL timing interactions. As shown in [2], [3] and [4], the signalling details of Koffset are discussed. When signalling details are determined in NR NTN, IoT NTN can also reuse or revise them if needed.
Observation 1: The Koffset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships.
Proposal 1: Reuse the Koffset introduced in NR NTN to enhance the timing relationships in IoT NTN.
An NB-IoT UE works in half duplex mode, which means that the UE cannot receive DL signals when transmitting UL signals. In NTN scenarios, the differential RTD, i.e., differential TA, in one cell is large, the maximum differential delay within a cell could be up to 10.3 ms [2]. The above-mentioned large TA and differential TA may introduce collisions of simultaneous UL transmission and DL reception at the UE side, which go against the half duplex mode.
Observation 2: The large TA and large differential TA in a cell may introduce collisions of simultaneous UL transmission and DL reception for a half-duplex UE.
Proposal 2: Study solutions for the possible collision between UL transmission and DL reception for half- duplex UE caused by large TA and large differential TA.

Conclusion
In this contribution, we discuss the timing relationship enhancements in IoT NTN. The following observations and proposals are presented:
Observation 1: The Koffset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 2: The large TA and large differential TA in a cell may introduce collisions of simultaneous UL transmission and DL reception for a half-duplex UE.
Proposal 1: Reuse the Koffset introduced in NR NTN to enhance the timing relationships in IoT NTN.
Proposal 2: Study solutions for the possible collision between UL transmission and DL reception for half- duplex UE caused by large TA and large differential TA.

References
[bookmark: _Ref51937982][bookmark: _Ref30583942][bookmark: _Ref20487234][bookmark: _Ref525819223]RP-193235, “Study on NB-Io/eMTC support for Non-Terrestrial Network”, MediaTek Inc. 
[bookmark: _Ref30579302][bookmark: _Ref51936742]TR 38.821, “Solutions on NR to support non-terrestrial networks”.
[bookmark: _Ref51936837]RAN1#102-e Chairman's Notes
[bookmark: _Ref59823951]RAN1#103-e Chairman's Notes
