[paHMLa CYY4aMHOTO KOAMPOBAHMA ANA
KaHa/la MacCOBOro HEKOOPANHMPOBAHHOIO
MHOEeCTBEHHOro A4ocTyna (cay4an
KOHEeYHOW ANNHbI)

AHTOH Mhebos, YcTnHOBa [apbA
21.08.2020



5G Key Usage Scenarios

Enhanced Mobile Broadband | Capacity Enhancement

Gigabytes in a second
3D video-4K screens

Work & play in the cloud
Augmented reality

Smart-city cameras

Voice
Industrial & vehicular automation

Mission-critical broadband

Sensor NW
Self-driving car
Massive loT Low Latency
| Massive connectivity | Ultra-high reliability & low latency

Source: ETRI graphic, from ITU-R IMT 2020 requirements



Massive |loT

Next generation of wireless networks is facing a new challenge in the
form of massive machine-type communication:

@ huge amount of autonomous devices (millions) connected to a
single Base Station

@ short data packets
o different types of traffic according to access scenarios

@ require extremely low energy consumption



System model
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Xi € R" — a codeword transmitted by the /-th user

s; — activity indicator

Z ~ N(0,1) is an additive white Gaussian noise (AWGN)

all the users to use the same message set [M] = {1
and we also require that ||Xi||5 < nP



Per User Probability of Error

Decoding is done up to permutation of messages. We only require
the decoder to output a set £(y) = (X1, X, ..., Xk) € [M]X.
Probability of error per user!

KtOt
1
Pe = max == oo Z; siPr(X; € L(Y)).

(51,52,-3SKyor )|

Y. Polyanskiy, A perspective on massive random-access, in Proc. IEEE Int.
Symp. on Inf. Theory (ISIT), 2017, pp. 2523-2527.



State-of-the-art

Theorem (Y. Polyanskiy)

Fix P' < P. There exists an (M, n, pe) random-access code for K-user GMAC satisfying power-constraint P and

where
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Notation

So = S\S
(wrong
desicions)

(transmitted codewords) (decoded codewords)

Decoding error condition:
Y —c(S)I5> 1Y — <S5
[6(S) +Z = c(S)I3 > llc(S) + Z — c(5) 3.
1211 = lle(So) — ¢(%0) + Z||5 >0



Notation

P(X < A) < eME[e™], VA>0

 yllull3
Ele—Ivax+ulfy = & Ty o L
(1+2av)2 23

P[U;A] < (Z p[Aj])p. vp e [0.1].
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Numerical results
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Numerical results
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