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▪ Established in August 2001  →  Silver Jubilee

▪ Carleton joined WWRF around 2002 (David Falconer, Halim 

Yanikomeroglu)

Some Highlights from WWRF History
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▪ Established in August 2001  →  Silver Jubilee

▪ Carleton joined WWRF around 2002 (David Falconer, Halim 

Yanikomeroglu)

▪ “Relay-based deployment concepts for wireless and mobile broadband 

radio”, IEEE Communications Magazine, September 2004

    2,300+ citations including 128 in patents

▪ WWRF  →  FP6 WINNER Project  →  4G LTE (Rel-8, -9, -10)

Some Highlights from WWRF History
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Evolution of Mobile Networks:

Linear and Predictable Progress
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•  AI  &  NTN 

•  Good news or bad news?

•  How to position wrt transformative and disruptive paradigms?

Emerging Transformative and Disruptive Paradigms
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Positioning 6G wrt AI and NTN  |  yesterday 

ISAC RIS

AI

NTN

6G

…

…
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6G NTNAI

Positioning 6G wrt AI and NTN  |  today 
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Market Cap (15 Sep 2026)

• China Mobile: $219 B

• Softbank: $216 B

• Verizon: $213 B

• T-Mobile: $196 B

• AT&T:  $182 B

• Deutsche Telekom: $160 B
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• Nokia:  $055 B

• Ericsson: $034 B
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Market Cap (15 Sep 2026)

• China Mobile: $219 B

• Softbank: $216 B

• Verizon: $213 B

• T-Mobile: $196 B

• AT&T:  $182 B

• Deutsche Telekom: $160 B

• Nokia:  $055 B

• Ericsson: $034 B

• AST SpaceMobile $023 B
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NTNAI…

… 6G

… …

…

…

…

Positioning 6G wrt AI and NTN  |  tomorrow (?) 
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NTNAI…

… 6G

… …

…

…

…

Positioning 6G wrt AI and NTN  |  tomorrow (?) 

Worrisome Scenario
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• Misleading Fact

16 Sep 2026 | urban / suburban regions:

Performance (typical terrestrial link) >> Performance (typical satellite link) 

→ urban / suburban: terrestrial network

 rural / remote: satellite network

Misleading and Overlooked Facts

supplementary coverage
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• Misleading Fact

16 Sep 2026 | urban / suburban regions:

Performance (typical terrestrial link) >> Performance (typical satellite link) 

→ urban / suburban: terrestrial network

 rural / remote: satellite network

• Overlooked Facts

1) The closest link is not necessarily the strongest link 

    PathLoss (1000 km @ n=2)  ~  PathLoss (1 km @ n=4) 

Misleading and Overlooked Facts

supplementary coverage
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→ urban / suburban: terrestrial network

 rural / remote: satellite network

• Overlooked Facts

1) The closest link is not necessarily the strongest link 

    PathLoss (1000 km @ n=2)  ~  PathLoss (1 km @ n=4) 

2) Terrestrial network: linear growth || satellite network: exponential growth

    Satellite-direct-to-smartphone  ||  2019: 0 bps  →  2026: Mbps 

Misleading and Overlooked Facts

supplementary coverage
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• Misleading Fact

16 Sep 2026 | urban / suburban regions:

Performance (typical terrestrial link) >> Performance (typical satellite link) 

→ urban / suburban: terrestrial network

 rural / remote: satellite network

• Overlooked Facts

1) The closest link is not necessarily the strongest link 

    PathLoss (1000 km @ n=2)  ~  PathLoss (1 km @ n=4) 

2) Terrestrial network: linear growth || satellite network: exponential growth

    Satellite-direct-to-smartphone  ||  2019: 0 bps  →  2026: Mbps 

3) New mega-players: deep pockets + access to enablers & infrastructure

Misleading and Overlooked Facts

supplementary coverage
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• Misleading Fact

16 Sep 2026 | urban / suburban regions:

Performance (typical terrestrial link) >> Performance (typical satellite link) 

→ urban / suburban: terrestrial network

 rural / remote: satellite network

• Overlooked Facts

1) The closest link is not necessarily the strongest link 

    PathLoss (1000 km @ n=2)  ~  PathLoss (1 km @ n=4) 

2) Terrestrial network: linear growth || satellite network: exponential growth

    Satellite-direct-to-smartphone  ||  2019: 0 bps  →  2026: Mbps 

3) New mega-players: deep pockets + access to enablers & infrastructure

4) Geopolitics  →  not only a business case discussion anymore 

Misleading and Overlooked Facts
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▪ “impossible to put up 7,200 LEOs” (Feb 2019)  X

▪ “impossible to deliver video from LEO direct-to-smartphone”  X

▪ “impossible to have indoor coverage from way up”  ?

Overlooked Facts
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▪ “impossible to put up 7,200 LEOs” (Feb 2019)  X

▪ “impossible to deliver video from LEO direct-to-smartphone”  X

▪ “impossible to have indoor coverage from way up”  ?

▪ established 3GPP and SatCom ecosystems: rather dismissive

▪ NTN (+ AI)  →  can result in oligopoly  →  major concern

▪ MNOs are not well-positioned to compete with SNOs 

Overlooked Facts
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▪ “impossible to put up 7,200 LEOs” (Feb 2019)  X

▪ “impossible to deliver video from LEO direct-to-smartphone”  X

▪ “impossible to have indoor coverage from way up”  ?

▪ established 3GPP and SatCom ecosystems: rather dismissive

▪ NTN (+ AI)  →  can result in oligopoly  →  major concern

▪ MNOs are not well-positioned to compete with SNOs 

Overlooked Facts

What could/should be done?
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HAPS: High Altitude Platform Stations in Near-Space 
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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HAPS: Super Macro Base Station in Stratosphere (20 km)   

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 

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 Comm Surveys & Tutorials, Q2 2021.

M. Alzenad, M.Z. Shakir, H. 

Yanikomeroglu, M.-S. Alouini, “FSO-based 

vertical backhaul/fronthaul framework for 

5G+ wireless networks”, IEEE 

Communications Magazine, Jan 2018.
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HAPS: Super Macro Base Station in Stratosphere (20 km)   

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 

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 Comm Surveys & Tutorials, Q2 2021.

M. Alzenad, M.Z. Shakir, H. 

Yanikomeroglu, M.-S. Alouini, “FSO-based 

vertical backhaul/fronthaul framework for 

5G+ wireless networks”, IEEE 

Communications Magazine, Jan 2018.



16 Sep 2026 | Halim Yanikomeroglu | halim@sce.carleton.ca | Carleton-NTN Lab 

WWRF Huddle 2026 Istanbul 

Telecom / Mobile Networks / 3GPP Ecosystems at Crossroads: The NTN Perspective 

Page 29

HAPS: Super Macro Base Station in Stratosphere (20 km)   

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 

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. 
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T.S.J. Darwish, Md S. Alam, H. Yanikomeroglu, A. 

Yongacoglu, “A vision and framework for the high 
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M. Alzenad, M.Z. Shakir, H. 

Yanikomeroglu, M.-S. Alouini, “FSO-based 
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5G+ wireless networks”, IEEE 

Communications Magazine, Jan 2018.
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10,000 – 100,000

SAT HAPS

N
o
 o

f 
S

A
T

 

N
o
 o

f 
H

A
P

S
 

Number of SAT and Number of HAPS (1960–2050) 



16 Sep 2026 | Halim Yanikomeroglu | halim@sce.carleton.ca | Carleton-NTN Lab 

WWRF Huddle 2026 Istanbul 

Telecom / Mobile Networks / 3GPP Ecosystems at Crossroads: The NTN Perspective 

Page 33

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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Legacy numerology 

▪ nG: Not awfully exiting any more (“Fast & Furious 10”)

▪ 5G: A high number of optional features

    → MNO-A’s 5G  ≠  MNO-B’s 5G

▪ 6G: Multiple paradigms (NTN, ISAC, AI, …)

    → MNO-A’s 6G  ≠ ≠  MNO-B’s 5G

Do We Needs Gs After 6G?
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Legacy numerology 

▪ nG: Not awfully exiting any more (“Fast & Furious 10”)

▪ 5G: A high number of optional features

    → MNO-A’s 5G  ≠  MNO-B’s 5G

▪ 6G: Multiple paradigms (NTN, ISAC, AI, …)

    → MNO-A’s 6G  ≠ ≠  MNO-B’s 5G

Proposed numerology

▪ Eliminate Gs

▪ NTN-1 (Rel-17, -18, -19), NTN-2 (Rel-20, …)

▪ ISAC-1 (Rel-19, …), ISAC-2 

Do We Needs Gs After 6G?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: HAPS: High Altitude Platform Stations in Near-Space 
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

