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▪ Network Capacity of Starlink  

    =  42,000 LEOs  ×  10 Tbps/LEO  =  ~0.5 Ebps (2035+)
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▪ Network Capacity of Starlink  

    =  42,000 LEOs  ×  10 Tbps/LEO  =  ~0.5 Ebps (2035+)

▪ $50B for megaconstellation 

    $17B for spectrum → $50 B

    -------------------------------------

    Total cost of Starlink: ~$100B by 2035
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What is the Ambition of SpaceX? 

▪ Network Capacity of Starlink  

    =  42,000 LEOs  ×  10 Tbps/LEO  =  ~0.5 Ebps (2035+)

▪ $50B for megaconstellation 

    $17B for spectrum → $50 B

    -------------------------------------

    Total cost of Starlink: ~$100B by 2035

▪ Connecting the unconnected? 

    4% uncovered population? 

    Digital divide? 
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1G, 2G, 3G, 4G, 5G 1R
• mobile connectivity 

• phone → smartphone → XR 

The Wireless Revolution  
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6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 
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6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 

Your smart device works everywhere – like your watch 
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High Altitude Platform Systems: The Next NTN Paradigm after LEO Mega-Constellations

6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 

Your smart device works everywhere – like your watch 

• NTN 6G | 2030: “connecting the unconnected”, “bridging the digital divide”
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6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 

Your smart device works everywhere – like your watch 

• NTN 6G | 2030: “connecting the unconnected”, “bridging the digital divide”

• NTN 6G+ | beyond-2030:                                                             

Ubiquitous connectivity of 10B smartphones + 100B IoT
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6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 

Your smart device works everywhere – like your watch 

• NTN 6G | 2030: “connecting the unconnected”, “bridging the digital divide”

• NTN 6G+ | beyond-2030:                                                             

Ubiquitous connectivity of 10B smartphones + 100B IoT                          

→  $T++ business
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6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 

Your smart device works everywhere – like your watch 

• NTN 6G | 2030: “connecting the unconnected”, “bridging the digital divide”

• NTN 6G+ | beyond-2030:                                                             

Ubiquitous connectivity of 10B smartphones + 100B IoT                          

→  $T++ business  →  global power 
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6G, beyond-6G, …

1G, 2G, 3G, 4G, 5G 

• ubiquitous hyper-connectivity 

• IoE

1R

The 2nd Wireless Revolution  

2R

• mobile connectivity 

• phone → smartphone → XR 

Your smart device works everywhere – like your watch 

• NTN 6G | 2030: “connecting the unconnected”, “bridging the digital divide”

• NTN 6G+ | beyond-2030:                                                             

Ubiquitous connectivity of 10B smartphones + 100B IoT                          

→  $T++ business  →  global power 
Progress: Fast and unpredictable
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Connecting the unconnected  |  Bridging the digital divide  
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Connecting the unconnected  |  Bridging the digital divide  
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Very Small Aperture Terminal (VSAT) 
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Connecting the unconnected  |  Bridging the digital divide  (???)  

August 2025  |  Paris, France

Apartment of Prof. Gunes Karabulut Kurt

Supplementary ???

MNOs (3GPP ecosystem) have been 

rather dismissive of SNOs
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T-Satellite: 23 July 2025  

Powered by 657 Starlink 

LEOs (3GPP Release 17)

• Beta service: SMS

• Paid service: MMS, 

picture messaging, 

short audio clips

Remaining 4% ???
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6G and NTN Timelines  

2020 2025 2030 2035 2040 2045 2050

WRC-23 WRC-27 WRC-31

Rel-21

6G

2015
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6G and NTN Timelines  

2020 2025 2030 2035 2040 2045 2050

WRC-23 WRC-27 WRC-31

Rel-21

6G
Rel-27

7G?

2015

Rel-15

5G
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6G and NTN Timelines  

2020 2025 2030 2035 2040 2045 2050

WRC-23 WRC-27 WRC-31

Rel-21

6G

SpaceX

Starlink

Rel-27

7G?

2015

Rel-15

5G

D2X

Apple & Globalstar

D2X

T-Mobile & Starlink

D2X

SpaceX | Echostar
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6G and NTN Timelines  

2020 2025 2030 2035 2040 2045 2050

WRC-23 WRC-27 WRC-31

Rel-21

6G

SpaceX

Starlink

Rel-27

7G?

2015

Rel-15

5G

D2X

Apple & Globalstar

D2X

T-Mobile & Starlink

D2X

SpaceX | Echostar

• Rapid developments in D2X

• Faster than the 10-year next-G cycle
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• Rapid developments in D2X

• Faster than the 10-year next-G cycle

• Spectrum regulations lag behind 
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6G and NTN Timelines  
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• Rapid developments in D2X

• Faster than the 10-year next-G cycle

• Spectrum regulations lag behind 

• Disruptive scenarios 
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6G and NTN Timelines  

2020 2025 2030 2035 2040 2045 2050

WRC-23 WRC-27 WRC-31

Rel-21

6G

SpaceX

Starlink

Rel-27

7G?

2015

Rel-15

5G

D2X

Apple & Globalstar

D2X

T-Mobile & Starlink

D2X

SpaceX | Echostar

• Rapid developments in D2X

• Faster than the 10-year next-G cycle

• Spectrum regulations lag behind 

• Disruptive scenarios 

• Unwanted scenarios



24 Sep 2025 | Halim Yanıkömeroğlu | halim@sce.carleton.ca | Carleton-NTN Lab Page 26

WWRF Huddle 2025 | Brasilia, Brazil  

High Altitude Platform Systems: The Next NTN Paradigm after LEO Mega-Constellations

HAPS: High Altitude Platform Station  →  HIBS 
HAPS: “A station on an object at an altitude of 

20 to 50 km and at a specified, nominal, 

fixed point relative to the Earth“ (ITU Radio 

Regulations, Article 1.66A).

Zephry (Airbus)

Stratobus (Thales)

Loon (Alphabet)

HIBS: HAPS as an IMT (International Mobile 

Telecommunications) Base Station

HIBS altitude: 18-25 km (WRC-23)
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Alert: 

Most pictures are artist 

renditions (concept pictures)

Two main problems (2025): 

• Suitable aircraft

• Energy
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Owned/shared by the legacy operators, part of the 3GPP ecosystem

Vertical HetNet (VHetNet): One single network with multiple tiers

           super macro BS (SMBS)    macro BS     small BS

                    10-100 km                   few km          100 m

VHetNet: Terrestrial BSs + HAPS BSs in Urban Areas 

G. Kurt, M.G. Khoshkholgh, S. Alfattani, A. Ibrahim, T.S.J. 

Darwish, Md S. Alam, H. Yanikomeroglu, A. Yongacoglu, “A 

vision and framework for the high altitude platform station 

(HAPS) networks of the future”, IEEE Communications 

Surveys and Tutorials, Q2 2021.

SMBS: native

S. Alam, G. Karabulut Kurt, H. Yanikomeroglu, N.D. Dao, P. 

Zhu, “High altitude platform station based super macro base 

station (HAPS-SMBS) constellations”, IEEE 

Communications Magazine, Jan 2021. 

N. Cherif, M. Alzenad, H. Yanikomeroglu, A. Yongacoglu, 

“Downlink coverage and rate analysis of an aerial user in 

vertical heterogeneous networks (VHetNets)”, IEEE 

Transactions on Wireless Communications, Mar 2021.

M. Alzenad, H. Yanikomeroglu, “Coverage and rate analysis 

for vertical heterogeneous networks (VHetNets)”, IEEE 

Transactions on Wireless Communications, Dec 2019.
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Zephry (Airbus)

Loon (Alphabet)
“HAPS industry’s expectation of this agenda item

• Allow to use of more frequency bands that are 

currently prohibited for HIBS by the RR.

• These frequency ranges (694-960 MHz, 1.7-2.1 

GHz and 2.6 GHz) have been assigned to almost 

all MNOs around world, that enables MNOs to use 

HIBS with flexible frequency selection.”

Source: WRC-23 Report, SoftBank, 19 Dec 2023
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HAPS: Super Macro Base Station in Stratosphere (20 km)   

S. Alam, G. Karabulut Kurt, H. Yanikomeroglu, N.D. Dao, P. 

Zhu, “High altitude platform station based super macro 

base station (HAPS-SMBS) constellations”, IEEE 

Communications Magazine, Jan 2021. 

G. Kurt, M.G. Khoshkholgh, S. Alfattani, A. Ibrahim, T.S.J. Darwish, 

Md S. Alam, H. Yanikomeroglu, A. Yongacoglu, “A vision and 

framework for the high altitude platform station (HAPS) networks of 

the future”, IEEE Communications Surveys and Tutorials, Q2 2021.

close to Earth 

D2D: no problem

   Latency: no problem

   

   (√2x100)⁴ = (20,000)²

   Pathloss @ 140 m (w/ PL exp = 4)

= Pathloss @ 20 km (w/ PL exp = 2)

HAPS: High Altitude Platform Station – Urban/Suburban Regions 
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HAPS: Super Macro Base Station in Stratosphere (20 km)   

S. Alam, G. Karabulut Kurt, H. Yanikomeroglu, N.D. Dao, P. 

Zhu, “High altitude platform station based super macro 

base station (HAPS-SMBS) constellations”, IEEE 

Communications Magazine, Jan 2021. 

G. Kurt, M.G. Khoshkholgh, S. Alfattani, A. Ibrahim, T.S.J. Darwish, 

Md S. Alam, H. Yanikomeroglu, A. Yongacoglu, “A vision and 

framework for the high altitude platform station (HAPS) networks of 

the future”, IEEE Communications Surveys and Tutorials, Q2 2021.

non-orbiting  

close to Earth Easy tracking

   No handover

   Easy deployment 

   Scalable deployment

   Maintenance / upgrade

   Relay in LEO-to-smartphone

   Data security and sovereignty

   Easy integration with TN

D2D: no problem

   Latency: no problem

   

   (√2x100)⁴ = (20,000)²

   Pathloss @ 140 m (w/ PL exp = 4)

= Pathloss @ 20 km (w/ PL exp = 2)

HAPS: High Altitude Platform Station – Urban/Suburban Regions 
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HAPS: Super Macro Base Station in Stratosphere (20 km)   

S. Alam, G. Karabulut Kurt, H. Yanikomeroglu, N.D. Dao, P. 

Zhu, “High altitude platform station based super macro 

base station (HAPS-SMBS) constellations”, IEEE 

Communications Magazine, Jan 2021. 

G. Kurt, M.G. Khoshkholgh, S. Alfattani, A. Ibrahim, T.S.J. Darwish, 

Md S. Alam, H. Yanikomeroglu, A. Yongacoglu, “A vision and 

framework for the high altitude platform station (HAPS) networks of 

the future”, IEEE Communications Surveys and Tutorials, Q2 2021.

non-orbiting  

close to Earth Easy tracking

   No handover

   Easy deployment 

   Scalable deployment

   Maintenance / upgrade

   Relay in LEO-to-smartphone

   Data security and sovereignty

   Easy integration with TN

D2D: no problem

   Latency: no problem

   

   (√2x100)⁴ = (20,000)²

   Pathloss @ 140 m (w/ PL exp = 4)

= Pathloss @ 20 km (w/ PL exp = 2)

much more than 

connectivity   

HAPS: High Altitude Platform Station – Urban/Suburban Regions 
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Imaging for Intelligence, Surveillance, and Reconnaissance (ISR)

620 km



24 Sep 2025 | Halim Yanıkömeroğlu | halim@sce.carleton.ca | Carleton-NTN Lab Page 38

WWRF Huddle 2025 | Brasilia, Brazil  

High Altitude Platform Systems: The Next NTN Paradigm after LEO Mega-Constellations

Imaging for Intelligence, Surveillance, and Reconnaissance (ISR)

620 km

• 2025  – Pleiades NEO @ 620 km: 30 cm/pixel (GSD)

• 2025  – Spy satellites @ 160-250 km: 5-10 cm/pixel (GSD)
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Imaging for Intelligence, Surveillance, and Reconnaissance (ISR)

620 km

• 2025  – Pleiades NEO @ 620 km: 30 cm/pixel (GSD)

• 2025  – Spy satellites @ 160-250 km: 5-10 cm/pixel (GSD)

• 2030s & 2040s – HAPS with bigger, AI-aided, ultra-cameras @ 20 km: few mm/pixel? (GSD)
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Terrestrial BSs + HAPS BSs (HIBS) in Urban/Suburban Areas 
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Connectivity

Edge

Data centre

Resilient | sustainable

Intelligence, Surveillance,  Reconnaissance (ISR)

Sensing

Localization | positioning | navigation

-- and more  

Terrestrial BSs + HAPS BSs (HIBS) in Urban/Suburban Areas 
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Access + backhaul + edge 

+ transport + core + spectrum

+ optical → infrastructure

Integrated communications, 

computing, sensing, 

navigation, positioning, … 

Transformative

Integrated terrestrial – HAPS 

– LEO network: VHetNet

10,000 – 100,000+ HAPS 

5G/6G/7G air-interface

Distributed edge and data centre

Distributed massive antenna architecture

RF/FSO for backhaul

• IoT: 100 km diameter

• Hotspot: 70 m diameter 

(0.2º beamwidth)

HAPS-enabled Wireless Infrastructure towards 2050 
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smart cities

smart societies
IoT &

sensors

AI & 

quantum

terrestrial-HAPS-LEO

infrastructure

0% outage

0 sec setup

0 touch

Wireless Infrastructure for Sustainable Smart Cities & Societies
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“The Big Beautiful Bill”, July 2025
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12,149 (04 May 2025)
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▪ NTN is more than satellite constellations.

▪ Future NTN will include HAPS constellations in stratosphere.

NTN (Non-Terrestrial Networks)
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▪ NTN is more than satellite constellations.

▪ Future NTN will include HAPS constellations in stratosphere.

▪ Not only for rural & remote coverage; unprecedented potentials in 

densely populated metro (urban and suburban) areas as well.

▪ Opportunities are very many: Connectivity, edge, computing, sensing, 

ISR, navigation, localization, positioning, and more.

NTN (Non-Terrestrial Networks)
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densely populated metro (urban and suburban) areas as well.

▪ Opportunities are very many: Connectivity, edge, computing, sensing, 

ISR, navigation, localization, positioning, and more.

▪ MNO  –  HMO  –  SMO 

▪ Multi-trillion-dollar global business.

▪ Will unfold progressively in the next 2-3 decades.

▪ NTN can be truly transformative.
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▪ NTN is more than satellite constellations.

▪ Future NTN will include HAPS constellations in stratosphere.

▪ Not only for rural & remote coverage; unprecedented potentials in 

densely populated metro (urban and suburban) areas as well.

▪ Opportunities are very many: Connectivity, edge, computing, sensing, 

ISR, navigation, localization, positioning, and more.

▪ MNO  –  HMO  –  SMO 

▪ Multi-trillion-dollar global business.

▪ Will unfold progressively in the next 2-3 decades.

▪ NTN can be truly transformative.

▪ 6G NTN: Big ticket item with high priority.

▪ ITU: Strong, empowered, and rapidly acting.

NTN (Non-Terrestrial Networks)
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NTN for Accelerating Canada's Ubiquitous 

Connectivity and Digital Future (NTN-CAN)

CFI infrastructure fund application: $13,500,000

Universities | Government | Industry | Non-profits
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