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- FSO: i1s a line-of-sight technology using infrared

frequency bands for data transmission in free space. "‘?Q"
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- Benefits: large bandwidth, high-speed connections, 32
Immunity to electromagnetic interference. i
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FSO-based Vertical Networks

- Vertical networks: the use of satellites, high-altitude
platforms (HAPs), and unmanned aerial vehicles
(UAVS) to provide global high-speed connectivity.

- Applications: fronthaul/backhaul networks, post-
disaster emergency communication, etc.

Fig. 1. FSO-based vertical networks.

Challenges

Critical Issue: the atmospheric turbulence
and pointing misalignment make the FSO
channel unstable.

=>» Channel state information (CSI) s
required at the receiver side to adaptively
choose proper parameters and settings
for transmissions

Challenge: The CSI tends to be outdated
due to the long distance of vertical

networks, which degrades the system

Wormance. /

[ I1. Proposed Solutions J
INNE N S S s s o e e e s e — 1 -
/ Our Solutions \ o e | oM | toput | ﬁlaptlve Rate/Power (ARP) Schem
] . | modulator data :
Unstable channel: We adaptively change the % (- [ The ARP scheme aims to achieve an average bit
tranhsmltted pOV\r/]er anld tradr!s_mltteclalz rate a?c):cdord-mg et cst i EDFA ] Adapive transnission 4:_i rate R, with minimum power consumption P,
to the CUflrent_Ch annedcon ldtlgns- igure 5 depicts \\‘ L"é'"é"'(_s_t_lﬁ_)"""l .| under several constraints, including target outage
an example with 6 modes and 25 states — \_\ | || probability Py, ., target bit error rate Pe 5, and
- The rate varies for each mode, while the transmit turbulence\ \ Tg) | maximum transmit power P; ... . Hence, the
I : ¢ — Electrical signa = | - . - - ’
power varies for each state \ . ol senm 2| optimization is formulated as
- To find the list of states - adopt the channel-state ‘-\ - > Control signal £ | B oo
model as in [1] \ 5 | min P, =f P,(h) fr(h)dh, (1a)
- To find the list of modes - solve the optimization 'w;ﬁlif'__ P Ay i B co
problem (1) . . B e sl | s.t. Rh=]nq Rslog, (K (h)) fn(h)dh, (1b)
Outdated CSI: We employ an echo state network , / ' | [PChamne) pCh;rfel j_. Pout < Pout. tar- (1c)
- - AL : "| estimator | | P cnon I :
(ESN) model at the receiver (Fig. 2). It can forecast ¢ i /i e model || Pe(h) < Pe rar, (1d)
the future CSI beforehand to counteract the induced @ N~ | L] ewm 1, ouwm i Pr(h) < Py max, (le)
feedback delay [2] | ‘ ‘::A N |L demodulator | data | |
\ e /
Input Layer Internal Reservoir Output Layer h; h; hi h; hg
= g Channel 0 hy = hj h, h3 hy l l ha3 ha4 l hys l 00
gainh | : _ | ] : — : .
Modulation [ Model | Mode2 | Mode3 I ‘Modc 4 " Mode5 | Mode6
scheme K-QAM | K=4_ | _K=8 K=16 K=32 K = 64 K=128
| statel | Stae2 | State3 | - - | State23 | State24 |  Stae25
Transmit : : 5
power Pei i Py i Ppg Pios i Pros Py 25
J J,
I Fig. 3. An example of the adaptive rate/power system
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