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Upper mid-band is emerging as a promising frequency range for early 6G deployments as it 

offers a balance between 

Upper Mid-Band Spectrum
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FR1: Sub-7 GHz FR2: mmWaveFR3: Upper Mid-Band

• Wide bandwidths found in mmWave frequencies

• Favorable propagation conditions of lower mid-band frequencies.

In WRC-2023, ITU identified three candidate bands for 6G: 

• 4.4 – 4.8 GHz

• 7.1 – 8.4 GHz

• 14.8 – 15.35 GHz
FR3

7 GHz 24 GHz



Array Aperture

Signal Wavelength

Radiative Near-Field Region
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The electromagnetic radiation field emitted by antenna arrays can be divided into two 

regions: the far-field region and the radiative near-field region.

The boundary between these regions is traditionally defined by the phase error-based 

Fraunhofer distance

Transmitter

Radiative Near-Field Far-FieldReactive Near-Field

𝑑FA ≈ 11 m
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Beamfocusing in the Near-Field
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This near-field beamfocusing enables spatial 

multiplexing in the depth domain [R1]. 

When a beam is focused on a near-field location,

the beam focuses its power at a targeted location

before rapidly diverging and losing strength

beyond that point.

When the transmitter focuses a beam toward a

far-field location, the beam spreads out as it

travels and the beampattern disperses as a cone

across space.

[R1] P. Ramezani, A. Kosasih, A. Irshad and E. Björnson, "Exploiting the Depth and Angular Domains for Massive Near-Field Spatial 

Multiplexing," in IEEE BITS the Information Theory Magazine, vol. 3, no. 1, pp. 14-26, March 2023



Localization in the Near-Field
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The received signal by the antenna array:

Source

𝜃

𝑟
𝑟𝑚

. . . . 
𝑚 − 1 𝑑

1 𝑚 𝑀

Far-field: first order Taylor approximation 1 + 𝑥 = 1 + Τ𝑥 2

Near-field: second order Taylor approximation 1 + 𝑥 = 1 + Τ𝑥 2 + Τ𝑥2 8

The normalized power spectrum of MUSIC for localizing 
five near-field sources when 𝑀 = 128, carrier frequency 
is 28 GHz and the antenna spacing is Τ𝜆 2 [R2]. 

[R2] Z. Wang, P. Ramezani, Y. Liu and E. Björnson, "Near-Field Localization and Sensing With Large-Aperture Arrays: From signal 

modeling to processing," in IEEE Signal Processing Magazine, vol. 42, no. 1, pp. 74-87, Jan. 2025



Will We Have Near-Field Effects in the Upper Mid-Band?
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A uniform linear array equipped with 48

antennas with half-wavelength spacing

focuses a beam toward a user 30m away in

the broadside direction.

The array is divided into two sub-arrays,

each with 24 antennas, and separated

by 5m. They focus the beam toward the

same user location as before.

Near-Field Beamfocusing

Carrier frequency = 15 GHz

Fraunhofer distance = 23 m

[R3] E. Bjornson, F. Kara, N. Kolomvakis, A. Kosasih, P. Ramezani, and ¨ M. B. Salman, “Enabling 6G performance in the upper mid-band 

by transitioning from massive to gigantic MIMO,” arXiv preprint arXiv:2407.05630, 2024



Will We Have Near-Field Effects in the Upper Mid-Band?
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Near-Field Localization

A uniform linear array equipped with

48 antennas with half-wavelength

spacing is used to localize three

sources within the region 𝑥 ∈
20 m, 40 m and 𝑦 ∈ 20 m, 40 m .

The array is divided into four sub-arrays,

each with 12 antennas, and separated

by 5m. They localize the same three

sources.

[R3] E. Bjornson, F. Kara, N. Kolomvakis, A. Kosasih, P. Ramezani, and ¨ M. B. Salman, “Enabling 6G performance in the upper mid-band 

by transitioning from massive to gigantic MIMO,” arXiv preprint arXiv:2407.05630, 2024
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Thank you for your attention!
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