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1. Introduction

In RAN#90e meeting, a revised SID on NB-IoT/eMTC support for NTN [1] has been approved. In this contribution, we mainly discuss gaps with UL repetition transmission for NB-IoT/eMTC support for NTN.
2. Discussion 
NB-IoT and eMTC devices are typically featured as low cost and low complexity. For these devices with reduced capability, in order to ensure the data transmission reliability, especially for enhanced coverage, repetition transmission has been widely used. 

For NB-IoT, due to the possible long duration of a RU for NPUSCH, as well as large repetition number for both NPRACH and NPUSCH, a UL transmission may last for up to several seconds. In order to allow for half-duplex operation of NB-IoT UEs to maintain DL synchronisation with the network, transmission gaps have been introduced which are inserted during long UL transmissions. During the UL gap, the UE may switch to the DL frequency, estimate and compensate the frequency error, and switch back to the UL frequency. UL gap is defined by a period X and a gap length Y in TS36.211 as following:

For NPUSCH:

	After transmissions and/or postponements due to NPRACH of 
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 time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.


For NPRACH:
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Based on the specification above, for UL gap for both NPUSCH and NPRACH, X and Y are fixed to 256ms and 40ms, respectively, given that most NB-IoT and eMTC UEs are stationary or low-mobility.
Observation 1 In order to allow for half-duplex operation of NB-IoT UEs to maintain frequency synchronisation with the network, transmission gaps have been introduced which are inserted during long UL transmissions.
Observation 2 For UL gap for both NPUSCH and NPRACH, the gap period X and gap length Y are fixed to 256ms and 40ms, respectively.
For IoT over NTN, in some NTN scenarios (e.g. LEO, MEO), due to the high-speed movement of satellite, UEs may need to perform DL synchronisation more frequently compared to TN case. Moreover, TA may need to be adjusted during the long transmission for both NB-IoT and eMTC UEs.
The following note is given in the SID:

	NOTE 3: GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.


Based on the note, the UE may need to perform time and frequency synchronization based on GNSS. To address the issue highlighted yellow above, RAN1 has discussed and made the following agreements in RAN1#104bis-e meeting as below.

	Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 

· The pre-compensation does not vary within a block of N time units

· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 

· The pre-compensation does not vary within a block of N time units

· FFS: the definition and value of N


Based on the agreement, for both NB-IoT and eMTC UEs, UL gaps are inserted every N time units during long UL transmission for UE to do pre-compensation, and the definition and value of N is FFS. In general, there are the following possible ways to determine the N value.

· Option 1: the N value is pre-defined in the specification as legacy UL gap.

· Option 2: the N value is explicitly configured by network.

In our understanding, in NTN, the value of N mainly depends on the relative speed between serving satellite and UEs. That is, the value of N may different among different NTN scenarios (e.g. GEO, LEO, MEO), and among UEs in different mobility states. If option 1 is adopted, we may need to define in the specmany values for N corresponding to different cases. If option 2 is adopted, network could configure the N value based on the actual situation. In our view, option 2 is more feasible. Of course, the exact value range for N should be concluded in RAN1 first before RAN2 discusses the signaling details.
Observation 3 RAN1 has agreed to use gap for long UL transmission for UEs to do pre-compensation, and the definition and value of gap period N is FFS.

Observation 4 The value of N mainly depends on the relative speed between serving satellite and UEs and would be more appropriate to be configured by the network.
Proposal 1 From RAN2’s perspective, N value for UL gap should be configured by the network.

Proposal 2 RAN2 wait for RAN1’s progress on UL gap before discussing the signaling details.
3. Conclusion
Based on the discussion we make the following observation:

Observation 5 In order to allow for half-duplex operation of NB-IoT UEs to maintain frequency synchronisation with the network, transmission gaps have been introduced which are inserted during long UL transmissions.
Observation 6 For UL gap for both NPUSCH and NPRACH, the gap period X and gap length Y are fixed to 256ms and 40ms, respectively.
Observation 7 RAN1 has agreed to use gap for long UL transmission for UEs to do pre-compensation, and the definition and value of gap period N is FFS.

Observation 8 The value of N mainly depends on the relative speed between serving satellite and UEs and would be more appropriate to be configured by the network.
And we give the following proposals:

Proposal 1 From RAN2’s perspective, N value for UL gap should be configured by the network.

Proposal 2 RAN2 wait for RAN1’s progress on UL gap before discussing the signaling details.
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