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1	Introduction
In this contribution, we will present our views on the benefits of Rel 17 eMTC-NTN to enable the high-value IoT opportunity from an NGSO satellite operator’s perspective. 
We show that the NGSO satellite parameters in Set1 and Set2 will provide the link-budget needed to support eMTC CE Mode A, which is a key enabler to unlock high-value IoT opportunities.
Omnispace intends to launch satellites supporting high-value IoT services based on NTN IoT Rel17 eMTC using an NGSO constellation with characteristics between Set1 and Set2 parameters.
[bookmark: _Ref178064866]2	Background and Opportunities for NTN IoT in Rel 17
As in the terrestrial world, IoT in a non-terrestrial setting comprises a distinct set of opportunities across many market segments.  
While a market opportunity for fixed, low data rate applications exists, these can frequently be supported with intermittent connectivity and are expected to only send a few Bytes of data on a daily or less frequent basis.  To compete against the emerging private network solutions like SigFox and LoRaWAN, 3GPP developed NB-IoT.
 Example use cases include:
· Meter reading
· Smart agriculture 
· Non-realtime infrastructure monitoring and control

In addition to NB-IoT, LTE CAT-M was developed to support the most valuable market opportunities consisting of assets that are being monitored continuously and connected continuously.  These use cases rely on full time connectivity capable of delivering a few kbps to hundreds of kbps of data on a full-time basis. Currently 3GPP has sought to address these markets through the development of eMTC. By utilizing the existing link-budget for CE Mode A, these high value services could be delivered over an NTN solution, as CE Mode A provides 10dB better coverage than LTE whilst maintaining sustained data-rates that are critical for these high-value applications.  Example use cases include:
· Connected vehicle 
· BVLoS for drone telemetry
· High-value, real-time mobile asset tracking
· Remote healthcare and first responder

2.1	Market Size and Value
IoT is a key component of the digital transformation and will create value across a very diverse set of markets in the coming decades.  Enterprises are expected to represent the largest IoT market opportunity as they seek new forms of revenue, while automating operations to reduce costs, representing more than half of IoT connections by 2025 [1].  Many enterprises foresee IoT as transformational to their company and their industry [2].  This highlights the high expectations for the scale and robustness required of IoT solutions in support of the Enterprise community.  Cellular M2M currently represents the majority of IoT connectivity revenues and is forecast to continue to do so in the years ahead [3].  Many applications require higher bandwidth and mobility which are features enabled by eMTC.  Projections are that licensed cellular networks (NB-IoT and LTE-M) will serve 3.5 billion connections by 2025, with mobile IoT representing 2 billion connections [1], and still early in the adoption cycle. 
There is a significant market opportunity for the broad range of IoT opportunities to be supported by satellite operations that cover areas devoid of communication opportunities. It is important to the satellite industry that the first NTN Rel17 provides a solid foothold to assist the development of both high value IoT market segments in addition to the low data rate infrequent packet data applications.


3	IoT-NTN eMTC Link Budgets for High-Value IoT Use Cases 
In RAN WG1#104bis-e, several companies provided link-budget results for the IoT NTN scenarios [4]  which show the CNR expected for Rel13 eMTC channels over a satellite link.
Omnispace takes the view that 1 x 180kHz uplink is required to support high-value IoT use cases, with the baseline UE (PC3) and eMTC link budget calculations for Set1 and Set2 satellites summarized in Table 1 below. We have assumed an eMTC Bandwidth of 1.08MHz-DL/1x180KHz-UL, and a PC3 UE. This configuration will meet the requirements for high value IoT use-cases.

	UE-PC3 eMTC
	Set1 eMTC
	Set2  eMTC

	
	GEO 
	LEO-1200
	LEO-600 
	GEO 
	LEO-1200
	LEO-600 

	
	eMTC
	eMTC
	eMTC
	eMTC
	eMTC
	eMTC

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	TX: EIRP [dBW/MHz]
	59
	 
	40
	 
	34
	 
	53.5
	 
	34
	 
	28
	 

	TX: EIRP [dBm]
	89.3
	23.0
	70.3
	23.0
	64.3
	23.0
	83.8
	23.0
	64.3
	23.0
	58.3
	23.0

	RX: G/T [dB/T]
	-31.6
	19
	-31.6
	1.1
	-31.6
	1.1
	-31.6
	14
	-31.6
	-4.9
	-31.6
	-4.9

	Occupied Bandwidth [MHz]
	1.08
	0.18
	1.08
	0.18
	1.08
	0.18
	1.08
	0.18
	1.08
	0.18
	1.08
	0.18

	Free space path loss [dB]
	190.6
	190.6
	164.5
	164.5
	159.1
	159.1
	190.6
	190.6
	164.5
	164.5
	159.1
	159.1

	Atmospheric loss [dB]
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Scintillation Loss [dB]
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Additional losses [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CNR [dB]
	-3.0
	-11.0
	4.2
	-2.7
	3.6
	2.7
	-8.5
	-16.0
	-1.8
	-8.7
	-2.4
	-3.3



[bookmark: _Ref70415959]Table 1  eMTC Link Budget calculation for Set1 and Set 2 (UE-PC3) at beam center

According to TR 36.888 (Table 5.2.1.2-2: MCL calculation for LTE FDD) [5]; LTE requires CNR -4dB for PDSCH and -4.3dB for PUSCH. These results were obtained using EPA channel 1Tx2Rx UE configuration. If we assume a further 3dB loss for the case of 1Tx1Rx UE in a LOS satellite channel, the equivalent minimum CNR rises to -1dB for PDSCH and -1.3dB for PUSCH. 
eMTC supports two coverage modes CE Mode A and CE Mode B, which offer coverage enhancements above LTE of ~10dB and ~20dB respectively. Consequently, and by applying these offsets to the CNR calculation above, we can assume that eMTC CE Mode A should work sufficiently well is CNR exceeding -11dB in both uplink and downlink (-1dB minus a further 10dB for coverage extension). The link budget in Table 1 for LEO-600/1200 configurations for Set1 and Set2 highlights where this is condition is true, at the beam centre. Note there is a margin of ~3dB or more, which will also cater for additional losses in cell edge scenarios.
[bookmark: _Toc68606335]The eMTC NGSO satellites parameters for Set1 and Set2 link budget will be adequate for supporting eMTC CE Mode A, which will unlock the delivery of high-value IoT use cases.
Summary and conclusion
      
1. There is a significant market opportunity for the broad range of IoT opportunities to be supported by satellite operations that cover areas devoid of communication opportunities. It is important to the satellite industry that the first NTN Rel17 provides a solid foothold to assist the development of both high value IoT market segments, in addition to low data rate infrequent packet data applications.

The eMTC NGSO satellites parameters for Set1 and Set2 link budget will be adequate for supporting eMTC CE-Mode A which will unlock the delivery of high-value IoT use cases.

Conclusion:  Based on the observations in this paper we can conclude that the Rel17 assumptions for Set1 and Set2 NGSO satellite parameters are sufficient to unlock high value IoT use-cases based on eMTC CE Mode A.    
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