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Based on SID RP-193235[1], 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]

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.

In this contribution, some potential technical issues and related enhancements in RAN1 are presented to support NB-IoT and eMTC over satellite. 

Discussion 
0. Time and frequency synchronization  
Since GNSS capability is assumed in UE side based on SID[1], UE position information can be acquired based on GNSS module. Timing reference point can be set in the satellite, and then timing and frequency variation of feeder link can be compensated by the gNB. Regarding the ephemeris information broadcasting, basically there are two ways to implement it, one is using traditional A-GNSS postioning related parameters e.g satellite constellation information, and another is to explicitly indicate the position and velocity information of a satellite. Further study is needed to determine which solution is applicable for NTN IoT case. In general, we need to reuse the output of NTN WI on timing and frequency cocmpensation mechanism. One exception point is how to reduce the computation complexity of IoT UE to reduce the power cosumption. Hence, simplified algorithms for maintaining accurate synchronization is to be studied. Another issue is how to define the accuracy of UE automonous compensation. Different accuracy requirement will put different restrictions for UE compensation mechaism, and consequently it will impact UE power consumption.
Proposal 1: Reuse time and frequency compensation mechansim of NTN WI in Satellite IoT by taking into account UE processing complexity.  
Proposal 2: Defining specific requirement on synchronzation accuracy for satellite IoT is needed.	
For IoT traffic, it will be sporadic and bursty, so it is possible that UE is not able to maintain accurate timing/frequency synchronization in any time. Moreover, for HD-FDD device, when UE has been in UL transmission mode with a long duration, UE may lose the DL timing and frequency tracking. Consequently, it is necessary to study quick synchronization mechanism to facilitate the satellite IoT application. 
Proposal 3: Study quick synchronization mechanism to support burst traffic transmission and half duplex mode. 
In Legacy NB-IoT system, UL single tone based transmission mechanism is applied, and then it is possible to generate inter-subcarrier interference in NTN scenario if UL frequency error is large. Actually it could happen in all UL signal transmission, e.g PRACH or PUSCH. If assigning consecutive subcarriers to different users, when residual frequency error is large, performance degradation is unavoidable. In this case, one simple method is to make resource isolation for different users in resoure assignment. Further study on resource isolation is needed to ensure robust UL transmission. 
Proposal 4: Study resource isolation mechanism for different users in UL signal transmission to guarantee UL transmission performance of NTN NB-IoT.  

0. Link budget and repetition   
In traditional IoT use case, low SINR range is assumed, and repetition gain is expected to compensate large path loss. However, for LEO moving beam case, serving time of one beam may not be longer enough to support thousands of time repetition. Secondly, as in IoT repetition combination operation, I/Q signal combination is often used, but if with the presence of residual time and frequency offset in different slots, the combination gain will be shrinked along the repetition time increasing. In the other hand, if less repetition times are used, it will make a higher requirement on SINR range compared to terrestrial network. Due to long propogation distance, it is difficult to obtain good SINR in satellite communication, therefore, a trade-off is to be studied to balance link budget and real performance. Furthemore, additional algorithm and mechanism are to be studied to harvest the combinaton gain on the presence of synchronization error.
Proposal 5: Study performance improvement of repetition transmission for satellite IoT in the presence of synchronization error.
0.   Small packet data transmission enhancement   
In NR Rel-16, 2-step RACH is introduced to facilitate the small data transmission. For NB-IoT case, small packet can be transmitted by using either control plane or user plane method. For eMTC case, no availabe solution is used to support quick transmission of small packet. In NTN use case, transmission latency is quite larger, meanwhile, only a few of bursty packets are to be transmitted in one time. Moreover, in LEO case, serving time of one beam or one cell is relatively short, therefore, using shorter time to finish data packet delivering is very important. In this context, optimizing data packet transmission procedure for NTN eMTC scenario is necessary. Either 2-step RACH or NB-IoT control/user plane based mechansim can be considered to support quick transmission of MTC packet in NTN eMTC case. 

Proposal 6: Study small packet transmission enhancement for NTN eMTC.

Conclusion
In this contribution, we analzyed potential issues of NB-IoT and eMTC over satellite and presented a few enhancements to guarantee satellite IoT performance. In sum, the proposals are listed as follows:
Proposal 1: Reuse time and frequency compensation mechansim of NTN WI in Satellite IoT by taking into account UE processing complexity.  
Proposal 2: Defining specific requirement on synchronzation accuracy for satellite IoT is needed.	
Proposal 3: Study quick synchronization mechanism to support burst traffic transmission and half duplex mode. 
Proposal 4: Study resource isolation mechanism for different users in UL signal transmission to guarantee UL transmission performance of NTN NB-IoT.  
Proposal 5: Study performance improvement of repetition transmission for satellite IoT in the presence of synchronization error.
Proposal 6: Study small packet transmission enhancement for NTN eMTC.
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