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The Evolution of Wireless Internet Delivery

4

v PHOTOS OF ME IN COLLEGE AND THE FIRST WLAN 
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% of Mobile Service Providers
Offering FWA to consumers
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~300 Million broadband connections by 2028 
and 18% of global fixed connections by 2029  
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The Satellite Internet Goldrush (?) 

• Massive satellite launches are now happening

• Big bets continue to try and defy the laws of physics

• I am skeptical, it has never worked in the past! 
•…….. here’s why 
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The Satellite Internet Goldrush (?)

v SpaceX’s Starlink has 5,000 satellites deployed, goal of up to 42,000
v FCC limited them to 7,500 over worries of space debris, interference
v Starlink uses the 10 – 14 GHz band for DL and UL:  25-200/5-20 Mbps
v SpaceX and Rocket Lab’s Electron liquid fuel orbiters are rapid, reusable

v But law of physics does not support spectrum reuse from space:
v Large coverage area from antennas in space prohibit spectrum reuse
v Latency on 340 mile one-way path is 18 ms; not competitive in the future
v Heavy rains in troposphere will degrade throughput to users, gateways
v History has shown satellites can never compete with terrestrial



The Evolution of Wireless Internet Delivery
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B. Edwards et al., "3GPP Mobile Telecommunications
Technology on the Moon," 2023 IEEE Aerospace Conference,
Big Sky, MT, USA, 2023, pp. 1-12
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Spectrum Allocations in the 
FR1(C) and FR3 spectrum

[1] A. Davidson, “National spectrum 
strategy implementation plan,” National 
Telecommunications and Information 
Administration, Tech. Rep., Mar. 2024.
https://www.ntia.gov/report/2024/nation
al-spectrum-strategy-implementation-
plan

[2] 3GPP, “Study on the 7 to 24 GHz 
frequency range for NR,” 3rd
Generation Partnership Project 
(3GPP), Technical Specification (TS) 
38.820, 2021, 
https://www.3gpp.org/DynaReport/3882
0.htm.

[3] T. Wen and Z. Peiying, 6G: The 
Next Horizon, New Spectrum. 
Cambridge University Press, 2021, p. 
146–157.
https://www.cambridge.org/core/books/
6g-the-next-horizon/new-spectrum/

7 24

New Spectrum Allocations in the FR1(C) and FR3 Upper Mid-band Frequencies 
(4–24 GHz ) [1]–[3] 

4 8

FR1(C) FR3

https://www.ntia.gov/report/2024/national-spectrum-strategy-implementation-plan
https://www.ntia.gov/report/2024/national-spectrum-strategy-implementation-plan
https://www.ntia.gov/report/2024/national-spectrum-strategy-implementation-plan
https://www.3gpp.org/DynaReport/38820.htm
https://www.3gpp.org/DynaReport/38820.htm
https://www.cambridge.org/core/books/6g-the-next-horizon/new-spectrum/A4956CBE4B0AF992F45B3D786D75D1DD
https://www.cambridge.org/core/books/6g-the-next-horizon/new-spectrum/A4956CBE4B0AF992F45B3D786D75D1DD
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Radio Propagation Research at 
FR1(C) and FR3 

[1] D. Shakya, M. Ying, H. Poddar, P. Ma, Y. Wang, I. Al-Wazani, and T.S. Rappaport, “Wideband Radio Propagation Penetration 
Loss through Building Materials and Partitions at 6.75 GHz in FR1(C) and 16.95 GHz in the FR3 Upper Mid-band spectrum”, in 
(Submitted) 2024 Global Communications Conference (GLOBECOM), pp 1–6.
[2] D. Shakya, H. Poddar and T. S. Rappaport, "A Sub-Terahertz Sliding Correlator Channel Sounder with Absolute Timing using 
Precision Time Protocol over Wi-Fi," in 2023 IEEE GLOBECOM, 2023. Link: https://ieeexplore.ieee.org/abstract/document/9447829

• Specialized FR1(C) and FR3 
Channel sounder at NYU.

• Propagation measurement 
campaigns in: 
Indoor (20 T-R locations), 
Outdoor (18 T-R locations), 
Factory (12 T-R locations).

• Time-domain channel sounder 
leveraging spread spectrum 
correlation [1].

• Uses sliding correlation with a 
pseudorandom-noise (PN) 
sequence, providing a 39 dB 
processing gain [2].

• Uses Rubidium clocks with 
patent pending Precision Time 
Protocol Sync. for absolute 
timing [2].

Indoor radio propagation measurements at 16.95 GHz.

RX RF 
converter 
moduleSliding 

Correlation 
Baseband

https://ieeexplore.ieee.org/abstract/document/9447829


Wideband FR1(C) / FR3 Channel Sounder

[1] D. Shakya, H. Poddar and T. S. Rappaport, "A Sub-Terahertz Sliding Correlator Channel Sounder with Absolute Timing using Precision Time Protocol over Wi-Fi," in 2023 IEEE 
GLOBECOM, 2023. Link: https://ieeexplore.ieee.org/abstract/document/9447829

• Minicircuits RF heads at 6.75 and 16.95 GHz.[1]
• Similar RF heads used at the RX side for down-converting received signal for generating Power Delay Profiles [1].

15 degree HPBW

30 degree HPBW

https://ieeexplore.ieee.org/abstract/document/9447829


Measurements at each location

2.4 m

Mast mounted TX for emulating 
indoor access points near ceiling

RX close to typical cellphone height 
(~1.5 m) sweeping the azimuth

Typical PDP collected by the RX

1.5m

AOA PAS at the RXAOD PAS at the TX

TX1-RX2 (16.95 GHz) 
T-R separation: 27.05 m

10 dB 
spatial lobe 
threshold [1]

[1] D. Shakya, S. Ju, O. Kanhere, H. Poddar, Y. Xing and T. S. Rappaport, "Radio Propagation Measurements and Statistical Channel Models for Outdoor Urban Microcells in Open Squares and 
Streets at 142, 73, and 28 GHz," in IEEE Transactions on Antennas and Propagation, vol. 72, no. 4, pp. 3580-3595, April 2024. https://ieeexplore.ieee.org/abstract/document/10444718

https://ieeexplore.ieee.org/abstract/document/10444718


Omnidirectional Path Loss

nLOS=1.3; σLOS= 2.66 dB
nNLOS= 3.1; σLOS= 9.03 dB  

nLOS=1.4; σLOS= 3.41 dB
nNLOS= 2.4; σNLOS= 7.87 dB  

6.75 GHz [1] 16.95 GHz [1]

* Continuing

[1] D. Shakya, M. Ying, H. Poddar, P. Ma, Y. Wang, I. Al-Wazani, and T.S. Rappaport, “ FR3 and FR1C propagation measurements and results for Indoor Office environment”, in (Submitted) 
2024 Global Communications Conference (GLOBECOM), 2024, pp 1–6.



Omnidirectional Delay Spread

μLOS=22.1 ns; σLOS= 18.03 ns 
μNLOS= 40.7 ns; σLOS= 20.04 ns  

μLOS=33.7 ns; σLOS= 24.49 ns
μNLOS= 43.5 ns; σNLOS= 25.55 ns  

6.75 GHz

* Continuing

[1] S. Sun, G. R. MacCartney, M. K. Samimi and T. S. Rappaport, "Synthesizing Omnidirectional Antenna Patterns, Received Power and Path Loss from Directional Antennas for 5G Millimeter-
Wave Communications," 2015 IEEE GLOBECOM, San Diego, CA, USA, 2015. https://ieeexplore.ieee.org/abstract/document/7417335

[1]

16.95 GHz



Omnidirectional Angular Spread

6.75 GHz [1]
μLOS= 34.1 °; σLOS= 34.13 °
μNLOS= 58.4 °; σNLOS= 23.69 °

μLOS= 18.6 °; σLOS= 27.62 °
μNLOS= 43.5 °; σNLOS= 28.68 °

* Continuing

16.95 GHz 

[1] D. Shakya, M. Ying, H. Poddar, P. Ma, Y. Wang, I. Al-Wazani, and T.S. Rappaport, “ FR3 and FR1C propagation measurements and results for Indoor Office environment”, in (Submitted) 
2024 Global Communications Conference (GLOBECOM), 2024, pp 1–6.



Comparison of InH Statistics (1/2)

Frequency 6.75 GHz 16.95 GHz 28 GHz 
[1]

73 GHz 
[2]

142 GHz 
[1],[2]

Dir Path 
Loss 
Exponent

LOS [μ (dB)] 1.6 1.5 1.7 1.6 2.1

NLOSBest
[μ (dB)]

2.7 3.5 3.3 3.3 3.2

NLOS [μ (dB)] 3.1 3.9 4.4 5.5 4.6

Omni 
Path Loss 
Exponent

LOS [μ (dB)] 1.4 1.3 1.2 1.4 1.8

NLOS [μ (dB)] 2.4 3.1 2.7 2.3 3.6

[1] S. Ju, Y. Xing, O. Kanhere and T. S. Rappaport, "Millimeter Wave and Sub-Terahertz Spatial Statistical Channel Model for an Indoor Office Building," in IEEE Journal on Selected Areas 
in Communications, vol. 39, no. 6, pp. 1561-1575, June 2021. 
https://ieeexplore.ieee.org/abstract/document/9411894
[2] Y. Xing, T. S. Rappaport and A. Ghosh, "Millimeter Wave and Sub-THz Indoor Radio Propagation Channel Measurements, Models, and Comparisons in an Office Environment," in IEEE 
Communications Letters, vol. 25, no. 10, pp. 3151-3155, Oct. 2021.
https://ieeexplore.ieee.org/abstract/document/9450830

PLEs with respect to 1 m free space reference

https://ieeexplore.ieee.org/abstract/document/9411894
https://ieeexplore.ieee.org/abstract/document/9450830


Comparison of InH Statistics (2/2)

Frequency 6.75 GHz 16.95 GHz 28 GHz 
[1]

73 GHz 
[2]

142 GHz 
[1],[2]

Dir RMS 
DS

LOS [μ (ns)] 19.3 19.5 10.6 3.5 2.7

NLOS [μ (ns)] 21.7 14.9 14.5 10.0 7.2

Omni 
RMS DS

LOS [μ (ns)] 33.7 22.1 10.8 6.2 3.0

NLOS [μ (ns)] 43.5 40.7 17.1 12.3 9.2

[1] S. Ju, Y. Xing, O. Kanhere and T. S. Rappaport, "Millimeter Wave and Sub-Terahertz Spatial Statistical Channel Model for an Indoor Office Building," in IEEE Journal on Selected Areas 
in Communications, vol. 39, no. 6, pp. 1561-1575, June 2021. 
https://ieeexplore.ieee.org/abstract/document/9411894
[2] Y. Xing, T. S. Rappaport and A. Ghosh, "Millimeter Wave and Sub-THz Indoor Radio Propagation Channel Measurements, Models, and Comparisons in an Office Environment," in IEEE 
Communications Letters, vol. 25, no. 10, pp. 3151-3155, Oct. 2021.
https://ieeexplore.ieee.org/abstract/document/9450830

Decreasing delay spread with frequency

https://ieeexplore.ieee.org/abstract/document/9411894
https://ieeexplore.ieee.org/abstract/document/9450830


Wideband FR3 and FR1(C) 
Penetration Loss (1/4)

Fig. Different materials measured for penetration loss



Wideband FR3 and FR1(C) 
Penetration Loss (2/4)

S.N. Material Thickness 
(cm) Pol

Frequency
Δ (dB)6.75 GHz 16.95 GHz

μ (dB) μ (dB)

1 Cinderblock Wall 22
Co 13.4 15.0 1.6

Cross 10.7 11.5 0.9

2 Low-e tinted glass  
wall 3

Co 33.7 42.3 8.6
Cross 38.4 46.5 8.2

3 Low-e glass window 2
Co 29.7 32.7 3.0

Cross 15.4 18.5 3.1

4 Clear Glass 1
Co 3.6 3.7 0.1

Cross 4.2 4.4 0.2

5 Birch Wood panel 2
Co 2.4 6.1 3.7

Cross 2.0 5.5 3.5

Measured Penetration Loss of Common Materials and Partitions [1]  

[1] D. Shakya, M. Ying, H. Poddar, P. Ma, Y. Wang, I. Al-Wazani, and T.S. Rappaport, “ FR3 and FR1C propagation measurements and results for Indoor Office environment”, in (Submitted) 
2024 Global Communications Conference (GLOBECOM), 2024, pp 1–6.



Wideband FR3 and FR1(C) 
Penetration Loss (2/4)

S.N. Material Thickne
ss (cm) Pol

Frequency
Δ (dB)6.75 GHz 16.95 GHz

μ (dB) μ (dB)

6 Wooden door 4.5
Co 5.8 6.1 0.3

Cross 7.1 7.7 0.6

7 Steel door 4.7
Co 43.2 58.5 15.3

Cross 41.8 56.4 14.6

8 Drywall Partition 13.7
Co 2.1 4.5 2.4

Cross 3.0 6.1 3.2

9 Drywall panel 3
Co 0.6 1.2 0.6

Cross 1.5 2.3 0.8

10 White Board 3
Co 3.1 6.9 3.8

Cross 4.1 7.5 3.4

Measured Penetration Loss of Common Materials and Partitions [1] 

[1] D. Shakya, M. Ying, H. Poddar, P. Ma, Y. Wang, I. Al-Wazani, and T.S. Rappaport, “ FR3 and FR1C propagation measurements and results for Indoor Office environment”, in (Submitted) 
2024 Global Communications Conference (GLOBECOM), 2024, pp 1–6.



Wideband FR3 and FR1(C) 
Penetration Loss (4/4)

Comparison of measured 
material penetrations with 
3GPP standard material 
penetration loss curves [1], 
[2]

3GPP penetration losses 
need revision

[1] 3GPP, “Study on channel model for frequencies from 0.5 to 
100 GHz,” 3rd Generation Partnership Project (3GPP), 
Technical Report (TR) 38.901, 2021.
https://ieeexplore.ieee.org/abstract/document/9411894
[2] D. Shakya, M. Ying, H. Poddar, P. Ma, Y. Wang, I. Al-
Wazani, and T.S. Rappaport, “Wideband Radio Propagation 
Penetration Loss through Building Materials and Partitions at 
6.75 GHz in FR1(C) and 16.95 GHz in the FR3 Upper Mid-
band spectrum”, in (Submitted) 2024 Global Communications 
Conference (GLOBECOM), pp 1–6.

https://ieeexplore.ieee.org/abstract/document/9411894
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• Energy consumption directly 
contributes to carbon emissions
with computing and 
communications likely to use 
dramatically more of Earth’s  
energy, especially with AI/ML [1].

• The Waste Factor (W) or Waste 
Figure (WF) is a unifying analysis 
method for evaluating the energy 
efficiency of ANY communication 
device or cascaded network.

Energy Consumption in Future Networks

46

ICT may consume up to 8000 TWh/yr
(20.9% of global electricity supply) by 
2030 [2].

[1] https://www.scientificamerican.com/article/the-ai-boom-could-use-a-shocking-amount-of-electricity/ L. Leffer, Scientific American, Oct. 13, 2023
[2] N. Jones, "How to stop data centres from gobbling up the world’s electricity," Nature, vol. 561, no. 7722, pp. 163-166, 2018. Available: https://www.nature.com/articles/d41586-018-06610-y
[3] J. N. Murdock and T. S. Rappaport, "Consumption Factor and Power-Efficiency Factor: A Theory for Evaluating the Energy Efficiency of Cascaded Communication Systems," in IEEE Journal on Selected Areas in 
Communications, Feb 2014. Available: https://ieeexplore.ieee.org/abstract/document/6522957 Also see Kanhere, et. al.. IEEE Wireless Comm. Magazine, IEEE Dec. 2022, and M. Xing, et. al., Globecom 2023 

https://www.scientificamerican.com/article/the-ai-boom-could-use-a-shocking-amount-of-electricity/
https://www.nature.com/articles/d41586-018-06610-y
https://ieeexplore.ieee.org/abstract/document/6522957
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Energy Consumption in Mobile Networks

• In terms of the energy 
consumption of the mobile 
network, the RAN consumes 
76% of the total energy 
consumption [1].

• Other energy-consuming parts 
include Network Cores and 
Data centers (19%) [1].

• No unified power efficiency 
metric for the RAN and Data 
Centers!

[1] E. Kolta and T. Hatt, “Going green: Measuring the energy efficiency of mobile networks,”  GSMA Intelligence, Tech. Rep., 2024. Available: https://data.gsmaintelligence.com/research/research/research-2024/going-
green-measuring-the-energy-efficiency-of-mobile-networks 48

https://data.gsmaintelligence.com/research/research/research-2024/going-green-measuring-the-energy-efficiency-of-mobile-networks
https://data.gsmaintelligence.com/research/research/research-2024/going-green-measuring-the-energy-efficiency-of-mobile-networks
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Overview of Waste Factor

[1] J. N. Murdock and T. S. Rappaport, "Consumption Factor and Power-Efficiency Factor: A Theory for Evaluating the Energy Efficiency of Cascaded Communication Systems," in IEEE Journal on Selected Areas in Communications, February 2014.
[2] M. Ying, D. Shakya, H. Poddar, and T. S. Rappaport, "Waste Factor: A New Metric for Evaluating Power Efficiency in any Cascade," in GLOBECOM 2023, Malaysia, Dec. 2023, pp. 1-6. Available: https://arxiv.org/pdf/2309.01018v3.pdf
[3] T. S. Rappaport, M. Ying, and D. Shakya, “Waste figure and waste factor: New metrics for evaluating power efficiency in any circuit or cascade,” Microwave Journal, vol. 67, no. 5, pp. 54–84, May 2024.

• Waste Factor (𝐖): Ratio of total power consumed by the signal path components along a 
cascade, including additive wasted power, to the useful output signal power [1,2,3].

Waste Factor (𝑾) =
𝑃!"#$%&'(,*+,-

𝑃.#𝐺$/$

• Components waste power in a circuit network 
and reduce the total power efficiency at the 
network output terminal. i.e. 𝑾 ≥ 1

• Power waste at the output from the components within the cascaded Network alone: 
𝑃0+$,'( = 𝑾𝑃"%, − 𝐺𝑃.# = 𝑾− 𝟏 𝐺𝑃.# = 𝑾− 𝟏 𝑃"%, Watts

* All consumed and useful powers are in Watts.

𝐺𝑎𝑖𝑛(𝐺) = 𝑃"%,/𝑃.#Effic. 𝜂 = 1
2
= 3!"#

3$%#&

𝑊 = !
"
= #!"#$%&'(,*+,-

#"%,
=

##"#.$/0#+1$#"%,
#"%,

50
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Comparison of RU power waste using W (1/2)

Pnon-path

Pnon-signal

Psignal

• We consider two different Radio Units

𝑃!"#$%&' = 120 𝑊

𝑃$($)!"#$%&' = 240 𝑊

𝑃$($)*%+,' = 140 𝑊RU-A

Pnon-path

Pnon-signal

Psignal
𝑃!"#$%&- = 120 𝑊

𝑃$($)!"#$%&- = 300 𝑊

𝑃$($)*%+,- = 80 𝑊RU-B

𝑃.($!/012,+(+%&'
= 𝑃!"#$%&' + 𝑃$($)!"#$%&' + 𝑃$($)*%+,'
= 120 + 240 + 140 = 500 W

𝑃.($!/012,+(+%&-
= 𝑃!"#$%&- + 𝑃$($)!"#$%&- + 𝑃$($)*%+,-
= 120 + 300 + 80 = 500 W



Comparison of RU power waste using W (2/2)

Radio 
Unit Psignal Pnon-signal Pnon-path EE W

A 120 W 240 W 140 W 24% 3

B 120 W 300 W 80 W 24% 3.5

EE45,' =
𝑃!"#$%&'

𝑃.($!/012,+(+%&6
=
120
500

= 24% EE45,- =
𝑃!"#$%&'

𝑃.($!/012,+(+%&-
=
120
500

= 24%

𝑊' =
𝑃$($)!"#$%&' + 𝑃!"#$%&'

𝑃!"#$%&'
=
240 + 120

120
= 3 𝑊- =

𝑃$($)!"#$%&- + 𝑃!"#$%&-
𝑃!"#$%&-

=
300 + 120

120
= 3.5

• Energy Efficiency from ITU L.1310 [1]
The two RUs have the 

same energy efficiency 
according to ITU 

L.1310
• Waste Factor

Using W we see that RU-A transmission requires 15% less energy consumption than RU-B !

<

=

RU-A RU-B

[1] ITU, L.1310 : Energy efficiency metrics and measurement methods for telecommunication equipment



Problems of traditional EE metrics - Network
• Network A is composed of old generation 

equipment, whereas Network B is 
composed of new and more efficient 
equipment

• Network B provides higher throughput 
and better spectral efficiency

• Network A carries more data and 
have comparable energy consumption 
→ Network A is more efficient 
according to standard metric [2]

• However, moving traffic to Network A 
would lead to poor user performance!

Example of the contradiction (data from [1])

Networks
Data volume 

per site
（GB/day）

Energy 
consumption

per site
（kWh/day）

Downlink
PRB load

User 
downlink 

throughput
（Mbps）

EE
（GB/kWh）

A 569 34.8 54% 6.1 16.4

B 311 34.2 12% 21.6 9.1

[1] NGMN, Network Energy Efficiency Phase 2, Oct. 2023 https://www.ngmn.org/wp-
content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf

[2] ETSI, TS 103 786 Measurement method for energy efficiency of wireless access network equipment 
https://www.etsi.org/deliver/etsi_ts/103700_103799/103786/01.01.01_60/ts_103786v010101p.pdf

https://www.ngmn.org/wp-content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf
https://www.ngmn.org/wp-content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf
https://www.etsi.org/deliver/etsi_ts/103700_103799/103786/01.01.01_60/ts_103786v010101p.pdf


Poor optimization with traditional metrics

EE（GB/kWh）

Data Volume（GB/day）

0

10

20

30

40

0 20 40 60 80 100 120

Site B

Site A

• The EE metric in bit/J [1] may be 
misleading for network optimization

– Site A has a better site efficiency 
than site B. However, due to its 
lower volume load, site A results in 
a lower traditional EE metric

– Optimization techniques attempt to 
move traffic towards the most EE 
cell, in this case, towards Site B 
and not Site A

– Moving traffic towards site A would 
be more beneficial

[1] ETSI, TS 103 786 Measurement method for energy efficiency of wireless access network equipment 
https://www.etsi.org/deliver/etsi_ts/103700_103799/103786/01.01.01_60/ts_103786v010101p.pdf

[2] NGMN, Network Energy Efficiency Phase 2, Oct. 2023 https://www.ngmn.org/wp-
content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf

https://www.etsi.org/deliver/etsi_ts/103700_103799/103786/01.01.01_60/ts_103786v010101p.pdf
https://www.ngmn.org/wp-content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf
https://www.ngmn.org/wp-content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf


Poor optimization with traditional metrics

EE（GB/kWh）

Data Volume（GB/day）

0

10

20

30

40

0 20 40 60 80 100 120

Site B

Site A

• The EE metric in bit/J [1] may also be 
misleading for network optimization

– Site A has a better site efficiency 
than site B. However, due to its 
lower volume load, site A results in 
a lower traditional EE metric

– Optimization techniques attempt to 
move traffic towards the most EE 
cell, in this case, towards Site B 
and not Site A

– Moving traffic towards site A would 
be more beneficial

Site A (at higher data volume)

The Waste Factor solves this problem as it focuses 
on the power wasted on the signal path

[1] ETSI, TS 103 786 Measurement method for energy efficiency of wireless access network equipment 
https://www.etsi.org/deliver/etsi_ts/103700_103799/103786/01.01.01_60/ts_103786v010101p.pdf

[2] NGMN, Network Energy Efficiency Phase 2, Oct. 2023 https://www.ngmn.org/wp-
content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf

https://www.etsi.org/deliver/etsi_ts/103700_103799/103786/01.01.01_60/ts_103786v010101p.pdf
https://www.ngmn.org/wp-content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf
https://www.ngmn.org/wp-content/uploads/NGMN_Network_Engergy_Efficiency_Phase2.pdf


Waste Factor vs. Energy Efficiency

The energy efficiency metric defined in ITU 
L.1310 [1] is influenced by the 𝑷𝐬𝐢𝐠𝐧𝐚𝐥 level 

at which it is measured

[1] ITU, L.1310 : Energy efficiency metrics and measurement methods for telecommunication equipment

Contrary to the energy efficiency metric, 
the waste factor is not influenced by the 
𝑷𝐬𝐢𝐠𝐧𝐚𝐥 level at which it is measured



Conclusion 

• Fixed Wireless Access is emerging, mmW is not dead

• Wireless networks are coming to the moon

•Midband spectrum is promsing, 3GPP needs revisions

•Waste Factor: great promise for real Energy Efficiency
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