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Introduction
Following the previous discussion on NR Non Terrestrial Networks (NTN) held in Spokane (RAN2 #104) we present a realistic and practical Device Density Models for IoT Deployment. 
The application of the presented model is not limited to the NTN Technology and it can also be applied to conventional Terrestrial Network coverage scenarios. 
Discussions
In RAN2#104 a number of documents were presented on the projected device or user density per cell in urban and rural environments for NTN applications which were unrealistic.
In this contribution we present a model which has been based on statistical data and realistic projections.
The Model 
In order to arrive at a realistic model for device density per area we used statistical data from the UK’s Office of National Statistics (ONS) [1] where we have combined the data from the following geographical data on distribution of population 
· ONS rural / urban population split for 2014 [2]
· ONS data on rural and urban areas dated 2009

Combining the data in the attached ONS report from 2009 and some other data (e.g. average household size of 2. 4 people etc., that can be found at [2,3] we arrive at an estimated device density calculation for various areas in England[footnoteRef:1] which is illustrated  in the following  Table 1:  [1:  This calculation is also valid for other regions] 





[bookmark: _Ref536021362]Table 1 IoT Device Density Model for England
	Area type
	Devices per square Kilometres 

	Urban - Less Sparse  (Dense Urban) 
	26,255

	Urban – Sparse 
	3,646

	Rural - Town & Fringe - Less Sparse (Semi-Urban) 
	3,515

	Rural - Town & Fringe - Sparse
	1,340

	Rural - VHID - Less Sparse*
	1,226

	Rural - VHID - Sparse*
	394

	England
	6,628



* Definition of VHID: Village, hamlet & isolated dwellings

The figures in Table 1 illustrate a more a realistic number of IoT devices in built up areas (Dense Urban to Semi-Urban) which is in line with our expectations.
Furthermore, ~400 device density per square kilometre of rural area is more reasonable considering the use scenarios and uptake of IoT in rural areas.  

Device Density in a Satellite Footprint 
In this section we give examples of projected device density in a satellite footprint in various environments, the assumption is that the satellite’s beam has a ground foot print of  approximately 40km diameter as shown in the following Figure 1
[image: ]
[bookmark: _Ref536086204][bookmark: _GoBack]Figure 1 Satellite footprint on the ground

The projected Device Density for a typical Satellite footprint is illustrated in the following Table 2
[bookmark: _Ref536086150]Table 2 Device Density in a Satellite Footprint
	Area type
	Devices per individual satellite coverage area**

	Urban - Less Sparse (Dense Urban) 
	32,992,569

	Urban - Sparse
	4,581,757

	Rural - Town & Fringe - Less Sparse (Semi-Urban) 
	4,417,498

	Rural - Town & Fringe - Sparse
	1,684,188

	Rural - VHID - Less Sparse*
	1,541,239

	Rural - VHID - Sparse*
	495,687

	England
	8,328,991



* Definition of VHID: Village, hamlet & isolated dwellings
** Estimated satellite coverage area: 1,257 square km (based on coverage of 40 km in diameter)
Taking the sparsely populated areas as an example, we expect to connect to a maximum of ~ 500,000 IoT devices with a satellite coverage. This figure could be much less than we have estimated here based on the application and use cases in a particular territory. 

Proposal and Conclusions
In this contribution we have presented a realistic IoT Device Density model based on geographical and statistical data obtained from the ONS for Dense-Urban to Sparsely Rural environments. 
Furthermore, we have presented a projected IoT Device Density model under a satellite footprint with a 40Km cell diameter. 
Although the models are based on the UK/England statistics, never the less the model is valid for various dense/developed countries. 
We propose to use the figures shown in Table 1 and Table 2 to estimate IoT Device Densities for various environments. 
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Annex: Calculations behind the IoT Device Density Model
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Underlying calculations

Area type Mid-2009 population Mid-2009 households Percentage of total 

land area

Land area (square km) Households per square 

km

Devices per square km Devices per individual 

satellite coverage 

area**

Urban - Less Sparse 42,071,000 17,529,583 20.5% 26,707 656 26,255 32,992,569                       

Urban - Sparse 114,000 47,500 0.4% 521 91 3,646 4,581,757                          

Rural - Town & Fringe - Less Sparse 4,424,000 1,843,333 16.1% 20,975 88 3,515 4,417,498                          

Rural - Town & Fringe - Sparse 220,000 91,667 2.1% 2,736 34 1,340 1,684,188                          

Rural - VHID - Less Sparse* 4,573,000 1,905,417 47.7% 62,143 31 1,226 1,541,239                          

Rural - VHID - Sparse* 407,000 169,583 13.2% 17,197 10 394 495,687                             

England 51,809,000 21,587,083 100.0% 130,278 166 6,628 8,328,991                         

* Definition of VHID:  Village, hamlet & isolated dwellings

** Estimated satellite coverage area: 1,257 square km (based on coverage of 40 km in diameter)
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Main data

 : ONS data found at: https://link.springer.com/article/10.1057/rt.2011.2

 : Calculated data (using additional data below as inputs)

Additional data inputs

Average household size 2.4 Source: https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/populationandhouseholdestimatesfortheunitedkingdom/2011-03-21#average-household-size

England land area 130,278  (square km) Source: https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/populationandhouseholdestimatesfortheunitedkingdom/2011-03-21#population-density

Devices per household 40 Source: 3GPP 45.820 Specification , Annex E 

Steps to calculate satellite area

Satellite coverage diameter 40  (km) Source:  Vodafone R&D

Satellite coverage radius 20  (km) Source:  https://www.mathgoodies.com/lessons/vol2/circle_area

Satellite coverage area 1,257                                   (square km) Source:  https://www.mathgoodies.com/lessons/vol2/circle_area
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