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Abstract—This paper presents a novel data detector ASIC for
massive multiuser multiple-input multiple-output (MU-MIMO)
wireless systems. The ASIC implements a modified version of the
large-MIMO approximate message passing algorithm (LAMA),
which achieves near-optimal error-rate performance (i) under re-
alistic channel conditions and (ii) for systems with as many users
as base-station (BS) antennas. The hardware architecture sup-
ports 32 users transmitting up to 256-QAM simultaneously and
in the same frequency band, and provides soft-input soft-output
capabilities for iterative detection and decoding. The fabricated
28nm CMOS ASIC occupies 0.37 mm2, achieves a throughput
of 354 Mb/s, consumes 151 mW, and improves the SNR by more
than 11 dB compared to existing data detectors in systems with
32 BS antennas and 32 users for realistic wireless channels. In
addition, the ASIC achieves 4× higher throughput per area than
a recently proposed message-passing detector.

I. INTRODUCTION

Massive MU-MIMO enables higher per-cell spectral effi-

ciency compared to conventional, small-scale MIMO. This

improvement, however, comes at a significant increase in base-

band processing complexity [1]. In particular, data detection

at the base-station (BS) in the massive MU-MIMO uplink is

among the most critical tasks in terms of power consumption

and throughput [2]. To exacerbate the situation, the complex-

ity of optimal, maximum a-posteriori (MAP), data detection

grows exponentially in the number of user equipment (UE)

antennas [3], which prevents its implementation in practice.

To enable high-throughput massive MU-MIMO data detec-

tion, a variety of low-complexity algorithms (see, e.g., [1], [4])

and application-specific integrated circuits (ASICs) [5]–[7] have

been proposed. These algorithms and ASIC designs either rely

on idealistic channel-hardening assumptions [5], [6] or deploy

approximations [1], [4] to reduce complexity. Unfortunately,

both of these simplifications result in high error rates (i) under

realistic propagation conditions, such as correlation and per-user

path loss, and (ii) in systems where the number of UEs is equal

to the number of BS antennas. As a consequence, achieving

near-optimal performance in realistic systems necessitates novel

data detection algorithms that can be implemented efficiently.
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Contributions: We propose the first data detector ASIC that

achieves near-MAP performance for 32 UEs under realistic

propagation conditions. Furthermore, the ASIC provides soft-

input soft-output (SISO) capabilities for iterative detection

and decoding. The algorithm builds upon the large-MIMO

approximate message passing (LAMA) algorithm [3], which

achieves MAP-optimal error-rate performance for Rayleigh

fading channels and in the large-antenna limit, assuming that

the UE-to-BS antenna ratio is less than a threshold that de-

pends on the constellation. In contrast to linear data detectors,

LAMA exploits information on the constellation to improve

performance; for QPSK, for example, LAMA achieves optimal

performance in the large-antenna limit and for systems where

the number of UE and BS antennas are identical. Since practical

systems are finite-dimensional and real-world channels exhibit

correlation, we include algorithm-level optimizations to support

realistic channels with LAMA. To achieve high throughput at

low area, our ASIC uses coarse-grained pipeline interleaving,

processing two detection problems within the same architecture.

The fabricated 28nm CMOS ASIC outperforms existing designs

under realistic channel conditions and for systems in which the

number of UEs is comparable to the number of BS antennas.

II. MASSIVE MU-MIMO DATA DETECTION

We consider the uplink of a coded massive MU-MIMO

system with U single-antenna UEs and B BS antennas. The

information bit vectors b of the U UEs are encoded on a per-UE

basis (e.g., using a convolutional code) and the resulting coded

bit-stream vectors x are mapped (using Gray labeling) to a

sequence of transmit vectors s ∈ OU , where O corresponds to

the constellation of size 2Q. Each transmit vector s is associated

with UQ binary values xu,q ∈ {0, 1}, u = 1, . . . , U , q =
1, . . . , Q, corresponding to the qth bit of the uth entry (spatial

stream) of s. We assume Es[ss
H] = EsIU , where Es is the

symbol variance. The baseband input-output relation of the MU-

MIMO channel is modeled as y = Hs+ n, where H ∈ C
B×U

is the MIMO channel matrix, y ∈ C
B is the received vector

at the BS, and n is B-dimensional i.i.d. zero-mean complex

Gaussian distributed noise with variance N0 per entry. We

assume that H, N0, and Es are known at the BS.

A. Iterative MIMO Decoding

Iterative detection and decoding in MIMO systems achieves

near-optimal spectral efficiency in MIMO wireless systems [8].








