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Radio waves carry information to a phone. Some of that energy is absorbed in the body. The task is to calculate
this absorption from the antennas, the surroundings and the person. The methods include detailed body
simulations, hybrid models for rooms and streets, and fast absorption formulas.
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Absorbing tissue: ~ 1 mm

26 GHz: 90% absorbed within 1.1 mm
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From the environment to absorbed power

The diagram shows how the propagation and body models fit together.
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the body Arriving waves Fields around the body
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calculation . Surface absorption
Anatomical full wave Closed-form IZW
FDTD: fields within tissues
Without path phase: incoherent power
Internal tissue detail :
With path phase: coherent operator
Minutes to hours
Ch. 2.4, 6 Full-body maps in < 10ms on a GPU
Ch. 5-6
\ \

Absorption Whole-body and local absorption

Power per mass [W /kg| or surface area [W/m?]

Comparison with ICNIRP basic restrictions

Indoor and outdoor scenes

Factory hall, Ch. 3

Configuration 1: collocated or distributed array
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[] collocated array, 25 elements
B distributed element, 25 in total

® user, 3 positions

Helsinki at 28 GHz, Ch. 4

Antennas are either grouped on the church tower or distributed
across building facades. Green: access points. Red:
channel-model scatterers. The methods also have a city-scale

application on ten routes in Chapter 6.

Exposure-aware beam design

Coherent operator, Ch. 5
Whole-body absorbed power: median 5.29-fold reduction

at half the maximum signal power (simulation)

Body size and frequency

We ran 550 simulations with four bodies at 15 frequencies. Below
6 GHz, the child models absorb 1.5-1.9 times as much power per
kilogram as the adults at the same incident power density, averaged

over six directions.

Deployment and phase

At equal total radiated power, distributed arrays have 2—3 times
lower exposure than collocated arrays in the factory. The outdoor
cell-free case also has less variation along the walk.

Limits and open questions

We measured in an anechoic chamber and a stairwell. Absorption in
idealized reference-level fields can be above a limit. The studied
realistic scenarios are well below the limits. Outdoor validation,
moving bodies and time averages are future work.
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