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1	Introduction
In RAN#86, a Rel-17 Study Item (SI) on IoT NTN [1] was approved to evaluate the feasibility of Non-terrestrial networks (NTN) for NB-IoT and eMTC. It was agreed to use the existing work on NR NTN captured in TR 38.321 [2] as a baseline. The main RAN1 objectives in this SI are as follows.  
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
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication 
-	Timing offset related to scheduling and HARQ-ACK feedback 
-    Aspects related to HARQ operation

In this document, we present our views on aspects related to random access, timing/frequency synchronization, timing relationships and HARQ operation in IoT NTN for both NB-IoT and eMTC.
[bookmark: _Ref178064866]2	Random access procedure
Unlike a terrestrial network (TN), an NTN may experience large round trip times (RTT), high differential Doppler shifts and large cell sizes. In this section, we review the impact of a non-terrestrial scenario on random access procedure for both NB-IoT and eMTC. In [1], the eMTC/NB-IoT UE is assumed to be equipped with a GNSS receiver. That is, the UE can estimate and pre-compensate timing and frequency offsets with sufficient accuracy before performing the UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation, however, is not assumed.
The UE can estimate its RTT and Doppler shift using GNSS and ephemeris information broadcast by the network. Then, it can apply a timing advance (TA) and compensate for Doppler shift before MSG1 transmission.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc54364901]UE should pre-compensate its timing and frequency before transmitting MSG1.
3	(N)PRACH design
In the IoT NTN SI, the underlying assumption is that a GNSS-equipped UE can perform time/frequency compensation before MSG1 transmission. This means that the (N)PRACH receiver needs only deal with the residual timing and frequency errors, which are expected to be within the range that NB-IoT/eMTC (N)PRACH is capable of handling. Therefore, the existing (N)PRACH formats for NB-IoT/eMTC used in TN should also suffice for NTN.    
[bookmark: _Toc54364898]As GNSS-equipped UEs can perform timing/frequency pre-compensation before MSG1 transmission, the existing (N)PRACH formats for NB-IoT/eMTC in TN are also sufficient for NTN scenarios. 
4	Timing and frequency synchronization
[bookmark: _Hlk54130677]As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
· The eNB may apply frequency pre-compensation to its DL signals to eliminate the Doppler shift at a reference point in the cell, e.g., the cell center. The purpose of this is to reduce the frequency range in which the UE has to search for the synchronization signal when synchronizing to a cell/beam, which may reduce synchronization time and battery energy consumption.
· The UE must autonomously apply time and frequency pre-compensation to its UL transmissions during initial access. This pre-compensation may compensate for propagation delay and UL Doppler shifts on both the feeder link and the service link. The UE should be responsible for determining the propagation delay and Doppler shift of the service link while the network should be responsible for determining additional propagation delay and UL Doppler shift for which the UE should pre-compensate, i.e., the feeder link. The network should provide the UE with information about the amount of additional UL time and frequency pre-compensation.
The DL synchronization performance was investigated during the NR NTN SI with the conclusion that it will work without modifications for NR NTN. However, since there are differences in the synchronization signal design, RAN1 should investigate whether that conclusion holds also for NB-IoT and eMTC NTN.
One of the targets for eMTC and NB-IoT is power efficient operation in order to support extended battery lifetime. Therefore, some aspects may be studied in more detail:
· The impact of GNSS measurements on UE battery consumption prior to initial access and means to minimize the amount of GNSS measurements.
· The impact of DL pre-compensation on UE battery consumption during synchronization.
[bookmark: _Toc54176642][bookmark: _Toc54195051][bookmark: _Toc54364902]As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
[bookmark: _Toc54364903]RAN1 should investigate DL synchronization performance for NB-IoT and eMTC NTN.
[bookmark: _Toc54364904]Study the impact of GNSS measurements on UE battery consumption prior to initial access and means to minimize the amount of GNSS measurements.
[bookmark: _Toc54364905]Study the impact of DL pre-compensation on UE battery consumption during synchronization.
[bookmark: _Ref54287404]5	Timing relation enhancement for IoT NTN
There are various timing relationships specified for eMTC and NB-IoT, e.g., timing offset related to scheduling and HARQ-ACK feedback. However, it is not often clear whether it takes into account timing advance (TA). It is our view that RAN1 should first discuss existing eMTC and NB-IoT timing relationships to reach a common understanding, before discussing any potential required adjustment(s) within the context of NTN.
[bookmark: _Toc54364906]RAN1 to first discuss existing eMTC and NB-IoT timing relationships to reach a common understanding, before discussing any potential required adjustment(s) within the context of NTN.
6	HARQ operation in IoT NTN
The enhancements needed for HARQ operation in NTN have been discussed in detail in Rel-16 NR NTN SI. The issue stems from the large HARQ RTT in NTN scenario, which ranges from a few milliseconds to hundreds of milliseconds depending on the satellite orbit. Without any modifications to the existing HARQ procedure, the large RTT will considerably reduce the link throughput. To address this issue, different solutions have been proposed for NR NTN including disabling the HARQ feedback and increasing the number of HARQ processes.
[bookmark: _Toc54364899]The main motivation for introducing HARQ enhancements for NR NTN is to address throughput stalling due to the large HARQ RTT.
For mobile broadband and low latency applications, high throughput is a critical characteristic. Nonetheless, the IoT use cases are typically delay tolerant, requiring small and infrequent data transmissions. Therefore, the rationale considered for enhancing HARQ for NR NTN is not directly applicable to IoT NTN. 
[bookmark: _Toc54364900]The IoT NTN targets delay tolerant applications with low data rates. Therefore, the rationale for enhancing HARQ operation for NR NTN is not applicable to IoT NTN.
Based on the above observations, it seems that further enhancements for HARQ operation are in principle not needed for IoT NTN. 
[bookmark: _Toc54364907]If delay tolerant, small and infrequent data transmissions continue to be the focused use cases for IoT NTN, HARQ enhancements are not foreseen to be needed.
Conclusion
In the previous sections we made the following observations: 
Observation 1	As GNSS-equipped UEs can perform timing/frequency pre-compensation before MSG1 transmission, the existing (N)PRACH formats for NB-IoT/eMTC in TN are also sufficient for NTN scenarios.
Observation 2	The main motivation for introducing HARQ enhancements for NR NTN is to address throughput stalling due to the large HARQ RTT.
Observation 3	The IoT NTN targets delay tolerant applications with low data rates. Therefore, the rationale for enhancing HARQ operation for NR NTN is not applicable to IoT NTN.

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE should pre-compensate its timing and frequency before transmitting MSG1.
Proposal 2	As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
Proposal 3	RAN1 should investigate DL synchronization performance for NB-IoT and eMTC NTN.
Proposal 4	Study the impact of GNSS measurements on UE battery consumption prior to initial access and means to minimize the amount of GNSS measurements.
Proposal 5	Study the impact of DL pre-compensation on UE battery consumption during synchronization.
Proposal 6	RAN1 to first discuss existing eMTC and NB-IoT timing relationships to reach a common understanding, before discussing any potential required adjustment(s) within the context of NTN.
Proposal 7	If delay tolerant, small and infrequent data transmissions continue to be the focused use cases for IoT NTN, HARQ enhancements are not foreseen to be needed.
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