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Motivation Problem Statement

Ti_ny carrier wavelength at mm-wave =2 small nodes We consider mostly digital multiuser MIMO uplink with conventional linear
with many antennas receiver. How relaxed can our analog design specs be as we push the limits of

RF beamforming is the state of the art system bandwidth and carrier frequency?
Large available spectrum at mm-wave =2 taking turns e Guidelines on ADC precision,

almong users using RF beamforming IS wasteful e RF Frontend Specificati()ns (P]_dB)
Our goal: “mostly digital” massive multiuser MIMO

Approach

1. Step 1: SNR due to self-noise 2. Step 2: SNR due to self-noise and thermal noise 3. Step 3: SINR at linear MMSE receiver output
a) Take in consideration: Nonlinearities a) Take in consideration: Nonlinearities + Thermal a) Take in consideration: Nonlinearities + Thermal Noise
b) Use Bussgang approximation and define the intrinsic SNR Noise + Noise Enhancement due to Interference Suppression
¢) Ignore Thermal Noise + Noise Enhancement + Interference b) lgnore Noise Enhancement + Interference b) Use Noise Enhancement of ldeal System as an upper
bound
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The SNR needed by the edge user, that at 100 m, to meet the performance criterion, for various values of the load factor if we restrict
the receiver chains in the base station to ADC only
18 | 187 , 16| /
' ' ' ' R ——— L D D T | bbb ldeal | | |s==ees Ideal ' Y T B it Ideal H
8 10 12 14 1/8 = P, p=-3.6dB 17 | |====P, 5=-3.6dB :: 15! —nm=P, -=-3.6dB ;
SNRedge (dB) Load Factor (5) el P, 45=0-4dB P,,5=0-4dB ; b# P, 5=0.4dB !
% of the UEs have better than i ideal syst — P1p™4 445 — 167 P14p=4-40B ! 3 — P gg=44dB !
BER that 95% of the UEs have better than in an ideal system o - = P, =8.4dB o _ _ P  =84dB +! m 147_ _ p =s4dB L 1 P
be T 15 L 1dB ’J" T 1dB ‘,f s
10 “'-'"‘m 4 ﬁ *-—-*m ;f F *-----::].:l / .I':
;! gy 7 , S14/ ’ i 213 i
6| o /s f o / A o / !
n Z 7 ;’ Zz 137 / 5 Z 12 rr F—"
L T/ 2 L *,/ A~ n 1---""'“.r '
2 121, F 12 e . !
0 y- T e 1 I !ﬁ"
| e My B ] &
27 | > - - -~
4! 1Dﬁm-m-ﬁ-¢-”ﬂ""'“'u‘. [ . | 10? . . . | . | 10--e'--'?--'f'"f"'"“n""""ﬂ'nh. | . |
6 116 1/8 1/4 1/2 1/16 1/8 1/4 1/2 1/16 1/8 1/4 1/2
8! Load Factor (5) Load Factor (3) Load Factor (3)
10 15 20 -8 6 -4-20 2 46 810 The SNR needed by the edge user, that at 100 m, to meet the performance criterion, for various values of the load factor if we restrict
SNR(g) (dB) 5 ) " : C
pde (dB) the receiver chains in the base station to Passband nonlinearity only

The data needed for the assessment process of the RF chain nonlinearity

Publications Acknowledgment

This work was supported in part by the Semiconductor Research Corporation (SRC) under the JUMP program (2018-JU-2778) and by DARPA (HR0011-18-3-

Towards All-digital mmWave Massive MIMO: Designing around Nonlinearities 0004). Use was made of the computational facilities administered by the Center for Scientific Computing at the CNSI and MRL (an NSF MRSEC; DMR-
Asilomar 2018 1720256) and purchased through NSF CNS-1725797.




	Towards All-digital mmWave Massive MIMO:�Designing around Nonlinearities

