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Introduction
In RAN#86 e-meeting, the SI of “New Study WID on NB-IoT/eTMC support for NTN” was approved and the following objectives were identified [1]: 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
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]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]
In this contribution, we will discuss potential enhancements of RAN1 specs to the NB-IoT and eMTC over satellite.
[bookmark: _Toc26620959][bookmark: _Toc30079771]Timing relationship enhancements
DL and UL frame timing relationships
The propagation delays in terrestrial mobile systems are usually less than 1 ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. Dealing with such long propagation delays requires modifications of many timing aspects in NB-IoT/eMTC from physical layer to higher layers, including the timing advance (TA) mechanism. In an NTN, a UE may need to apply a large TA value that leads to a large offset in its DL and UL frame timing. Figure 1 illustrates a scenario, where the UE applies a large TA and gNB's DL and UL frame timing are aligned. Another proposed solution does not need the alignment between gNB's DL and UL frame as illustrated in Figure 2, where the UE applies a UE specific differential TA and a common TA offset in the gNB's DL and UL frame timing exists. 
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[bookmark: _Ref24051510]Figure 1 An illustration of large TA in NTN that results in a large offset in the UE's DL and UL frame timing
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[bookmark: _Ref54188964]Figure 2 An illustration of TA in NTN that results in a large offset in the gNB's DL and UL frame timing

Proposal 1: Whether full TA or partial TA is compensated in UE side should be discussed.
Enhancements for UL transmission timing
The PDSCH reception timing is defined solely from DL timing perspective. It is not impacted by the large offset in the UE's DL and UL frame timing and thus enhancement is not needed.
The other timing relationships described in [2] involve DL-UL timing interaction and thus need to be enhanced for IoT NTN. It is similar to NR NTN, the enhancement can be to introduce an offset  and applying it to modify the relevant timing relationships. 
●	For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH)/ format 1 NPUSCH, the number of starting subframe allocated for the PUSCH/NPUSCH can be plus .
●	For the transmission timing of RAR grant scheduled PUSCH, the number of starting subframe allocated for the PUSCH scheduled by RAR grant can be plus .
●	For the transmission timing of HARQ-ACK on PUCCH/ format 2 NPUSCH, the number of starting subframe allocated for the PUCCH/ format 2 NPUSCH can be plus .
●	For the transmission timing of NPRACH/PRACH initiated by a "PDCCH order", the number of starting subframe allocated for the NPRACH/PRACH can be plus .
●	For the transmission timing of aperiodic SRS, the number of subframe allocated for the SRS can be plus .
The values of  may be different for each of the identified timing relationships that need to be modified for IoT NTN. The values of  can be per beam or per-cell. It is for further study whether  is derived from broadcast information or is signalled by higher layers. 
Proposal 2: UL transmission timing relative to DL reception should be modified.
Enhancements on DL and UL synchronization
The following aspects have been studied in NR NTN  study phase [3]:
1)	DL synchronization
2)	Random access via PRACH 
3)	Maintenance for UL timing advance and frequency synchronization
DL synchronization
DL initial synchronization performance based NB-IoT/eMTC SS should be evaluated. For the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve DL initial synchronization based on NB-IoT/eMTC synchronization signals. Beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam canter at network side, should be considered. 
Proposal 3: Pre-compensation on the Doppler shift for DL transmission should be considered.
Random access
Based on the results summarized in [3], it can be predicted that with assumption on pre-compensation of timing and frequency offset (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available) at UE side for UL transmission, existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused. The necessity of additional enhancements, e.g., repetitions and/or larger CP, to ensure UL coverage can be further discussed.
However, in case pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be studied.
Proposal 4: Enhanced PRACH formats and/or preamble sequences should be studied to support NB-IoT/eMTC UEs without GNSS capability in NTN networks.
Enhancements on HARQ
Two main aspects of more delay-tolerant re-transmission mechanisms have been studied in [3]:
●	Disabling of HARQ in NTN
●	HARQ optimization in NTN
HARQ Round Trip Time in NB-IoT/eMTC is of the order of several milliseconds. The propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the satellite orbit. The HARQ RTT can be much longer in NTN. There would be a need to discuss potential impact and solutions on HARQ procedure. 
[bookmark: _Toc26620963][bookmark: _Toc30079775]Disabling of HARQ in NR NTN
The following were discussed on the necessity of introducing such solutions for NTN when HARQ feedback is disabled[3]:
●	Indicate HARQ disabling via DCI in new/re-interpreted field
●	New UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes
[bookmark: _Toc26620964][bookmark: _Toc30079776]HARQ Optimization for NR NTN
Enhanced HARQ solutions to avoid reduction in peak data rates in NTN were discussed. One solution is to increase the number of HARQ processes to match the longer satellite round trip delay to avoid stop-and-wait in HARQ procedure. Another solution is to disable UL HARQ feedback to avoid stop-and-wait in HARQ procedure and rely on RLC ARQ for reliability. 
Proposal 5: The enhancements on HARQ should be studied, the conclusions for NR NTN should be reused as much as possible.
Conclusions
In this contribution, we discuss Necessary changes to support NB-IoT and eMTC over satellite, the following proposals have been made:
Proposal 1: Whether full TA or partial TA is compensated in UE side should be discussed.
Proposal 2: UL transmission timing relative to DL reception should be modified.
Proposal 3: Pre-compensation on the Doppler shift for DL transmission should be considered.
Proposal 4: Enhanced PRACH formats and/or preamble sequences should be studied to support NB-IoT/eMTC UEs without GNSS capability in NTN networks.
Proposal 5: The enhancements on HARQ should be studied, the conclusions for NR NTN should be reused as much as possible.
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