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Introduction
The Study on NB-IoT/eMTC support for NTN [1] aims on the investigation of NB-IoT and eMTC to be applied over NTN with the minimum necessary specification changes to NR NTN and conclusions drawn in [2] . Following basic objectives are considered for the study on NB-IoT/eMTC for NTN systems, which are
Objective 1 Identification of application scenarios based on those of [1] , which are applicable to NB-IoT/eMTC.
Objective 2 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 for the identified scenarios of Objective 1. Additionally, GNSS capability for both NB-IoT and eMTC devices is taken as a working assumption for this study.
 This document focuses on the in approved RAN1 aspects for Objective 2, which are

Objective 2 - 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]


Discussion 
Problem: UE synchronized with the downlink but not in uplink. For this reason, a time frequency pre-compensation is necessary in order to ensure reliable uplink communication. However, the current preamble in message 1 does not allow for appropriate pre-compensation. Two aspects are currently discussed in order to enable time frequency pre-compensation for the random access procedure
1. Enhancement of the existing PRACH formats to cope with joint large Doppler frequency shift and large propagation delay. 
2. Exploiting GNSS and satellite ephemeris to obtain UL time and frequency synchronization before preamble transmission.
The GNSS capability of the NB-IoT UE has been a working assumption for the current study item. Discussions with respect to time frequency synchronization indicated that existing NTN mechanism for time frequency synchronization can also be applied to the synchronization procedure for NB-IoT NTN, if perfect GNSS data can be assumed. The assumption of perfect GNSS data availability may be easily fulfilled by legacy NTN devices. However, this assumption may not necessarily be suitable for NB-IoT over satellite, because of the NB-IoT specific requirements. The most important requirements of the NB-IoT with respect to a NB-IoT UE are
· low power supply
· low cost
· low complexity
· small form factor
In addition to the requirements from NB-IoT many use cases for satellite IoT involve remote locations.  The requirement for energy efficiency is an important aspect for Satellite IoT. There is a chance, that the combination of NB-IoT and Satellite IoT requirements will result in less accurate synchronization parameter and less performing devices for NB-IoT over satellite compared to legacy NTN. This challenges strongly the assumption of perfect GNSS data for NB-IoT NTN.  One example is given, when considering eDRX. After “sleep” mode a cold start with GNSS update requires high power consumption in order to obtain accurate positioning data. Additionally, the reduced processing capability of the UE might be limiting for fast GNSS updates to perfect precision.
Observation 1: To the best of our knowledge, the performance of GNSS data for NB-IoT over satellite has not been subject to detailed investigations yet.
Proposal 1: The performance of GNSS data shall be evaluated in detail for NB-IoT over satellite by RAN1. The analysis shall be conducted with respect to the limited processing capability according to NB-IoT along with satellite IoT specific requirements such as strong limited power.

Summary
In summary, NB-IoT and satellite specific IoT requirements lead most likely to less performing NB-IoT NTN UEs compared to legacy NTN devices, which may impact the UE synchronization. Hence, this document emphasizes the need for GNSS performance validation for NB-IoT over satellite.
Observation 1: To the best of our knowledge, the performance of GNSS data for NB-IoT over satellite has not been subject to detailed investigations yet.
Proposal 1: The performance of GNSS data shall be evaluated in detail for NB-IoT over satellite by RAN1. The analysis shall be conducted with respect to the limited processing capability according to NB-IoT along with satellite IoT specific requirements such as strong limited power.
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