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[bookmark: _Hlk521259925]A new study item on NB-Io/eMTC support for Non-Terrestrial Network (IoT NTN) was approved in RAN#86 meeting, with the following justification and objectives [1]:
	Justification
IoT operation is critical in remote areas with low/no cellular connectivity for many different industries, including e.g.: 
-	Transportation (maritime, road, rail, air) & logistics
-	Solar, oil & gas harvesting
-	Utilities
-	Farming
-	Environment monitoring
-	Mining etc.
The capabilities of NB-IoT and eMTC are a good fit to the above, but will require satellite connectivity to provide coverage beyond terrestrial deployments, where IoT connectivity is required. There is an urgent need for a standardized solution allowing global IoT operation anywhere on Earth, in view of other solutions already available.
It is important that satellite NB-IoT or eMTC be defined in a complementary manner to terrestrial deployments. 

Objective
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
[bookmark: _Hlk53736461][bookmark: _Hlk53737959]-	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]
[bookmark: _Hlk53737713]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.


[bookmark: _Hlk53741165]In this contribution, we will discuss on potential enhancements for NB-IoT/eMTC over NTN.
Discussion
To support NB-IoT and eMTC over satellite, the conclusions of NR NTN WI should be reused as much as possible with necessary enhancements focus on coverage, capacity, power consumption and complexity (cost).
Proposal 1: To support NB-IoT and eMTC over satellite, the conclusions of NR NTN WI should be reused as much as possible with necessary enhancements focus on coverage, capacity, power consumption and complexity (cost).

On time/frequency adjustment
In the RAN1 #102-e meeting, several agreements were achieved on GNSS capability assumption and its impact on initial TA acquisition as following [2]
	Agreement:
· [bookmark: _Hlk53761753]In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· [bookmark: _Hlk53598454]Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· [bookmark: _Hlk53586538][bookmark: _Hlk53515642]FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)


For TA determining solution of Option 1, satellite ephemeris can be represented in orbital elements format or instant state vector format. To minimize UE’s complexity (cost), instant state vector format can be considered to avoid potential satellite trajectory calculation.
Proposal 2: Broadcast instant position and velocity vector in system information, if indication of satellite ephemeris is needed.

For TA determining solution of Option 2, the requirement for UE’s complexity is negligible.
In our company’s contribution [3], we further discussed various UL frequency synchronization solutions corresponding to above TA determining solution and different GNSS capability assumption.
It can be observed that
· For TA determining solution of Option 1
· If UE only know its position, indication of the pre-compensated Common Frequency Offset on DL transmission is needed.
· Otherwise, if UE both know its position and frequency reference, there is no need to indicate the pre-compensated Common Frequency Offset on DL transmission.
· For TA determining solution of Option 2, there is no need to indicate the pre-compensated Common Frequency Offset on DL transmission.
Therefore, GNSS capability for a reference time and frequency is preferred for all cases to reduce signaling overhead. In this case, power consumption to receive these signaling can be avoid.
Proposal 3: For GNSS capability assumption, at least a reference time and frequency can be derived.

On coverage
Coverage target is up to link budget analysis for worse conditions including
· Rain and cloud attenuation
· Building entry loss, if indoor deployment is considered
· Carriage and container penetration loss for logistics application
· Vegetation loss for outdoor application
In our company’s contribution [4], a link budget is evaluated in line with the latest satellite parameters (Set-1, Set-2, Set-3) and UE characteristics. It can be observed that when additional loss (e.g., about 9 dB for carriage penetration or vegetation loss) is considered, CNR is extreme low.
· For GEO Set-1, DL CNR < -14dB for both eMTC and NB-IoT device.
· For GEO Set-1 and UE PC 3, UL CNR < -27.8dB for eMTC with 1080kHz BW, and UL CNR < -20dB for NB-IoT with 180kHz BW.
Proposal 4: Potential enhancement to enhance the coverage for IoT should be studied.

Conclusions
In this contribution, we share our views on potential enhancements for NB-IoT/eMTC over NTN. The observations and proposals are summarised as follows:
Proposal 1: To support NB-IoT and eMTC over satellite, the conclusions of NR NTN WI should be reused as much as possible with necessary enhancements focus on coverage, capacity, power consumption and complexity (cost).
Proposal 2: Broadcast instant position and velocity vector in system information, if indication of satellite ephemeris is needed.
Proposal 3: For GNSS capability assumption, at least a reference time and frequency can be derived.
Proposal 4: Potential enhancement to enhance the coverage for IoT should be studied.
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