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Dear editor,

The hundreds of antennas deployed in massive multiple-

input-multiple-output (MIMO) systems lead to an insup-

portable burden in terms of hardware costs and power con-

sumption. This has motivated the research on low-resolution

analog-to-digital converters (ADCs), e.g., those using 1–3

bits [1–5]. However, channel estimation remains challeng-

ing under such coarse quantization. Results presented in [2]

suggest that precise estimates for 1-bit quantized MIMO

systems can be obtained with least-squares (LS) channel es-

timation, but an extremely long pilot sequence is required.

Considering the restriction of pilot overhead in practice, a

framework for joint channel-and-data (JCD) estimation was

developed in [3] based on the bilinear generalized approxi-

mate message-passing algorithm (BiGAMP) [6]. However,

further studies on coded systems were absent, which may

have additional potential owing to the powerful correction

capability of forward error correction codes. Sun et al. [5]

studied the joint channel estimation, equalization, and de-

coding over frequency-selective channels, but the work was

limited to single-input-single-output systems and the cyclic

redundancy check (CRC) detection was not incorporated.

Motivated by the aforementioned considerations, we pro-

pose an iterative BiGAMP-based receiver for coded massive

MIMO systems with low-resolution ADCs. In addition, for a

large transmission block length, we adopt a partially active

processing method to achieve a reasonable trade-off between

the performance and computational complexity.

System model and linear quantizer model. Consider an

uplink massive MIMO system wherein one base station

equipped with M antennas serves K single-antenna users

(M > K) simultaneously. In this study, we assume a block-

independent Rayleigh fading channel model. The received

signals Y = [ymt] ∈ CM×T during a block are expressed as

Y = HX +N , (1)

where H = [hmk] ∈ CM×K refers to the uplink channel

matrix with hmk ∼ CN (0, 1

K
). Furthermore, X = [xkt] ∈

CK×T and N = [nmt] ∈ CM×T represent the normalized

transmitted symbols and the additive white Gaussian noise

(AWGN) with nmt ∼ CN (0, σ2
n), respectively. Then, with

the ADCs equipped at each receiving antenna, uniform mid-

rise quantization is separately applied to the real and imag-

inary parts of the received signals [3]. Therefore, the quan-

tized observations can be denoted as R = [rmt] ∈ CM×T .

For ease of derivation, we introduce the linear quantizer

model [7], which can be expressed as

rmt ≈ ρymt + wmt = ρ
∑

k

hmkxkt + ρnmt +wmt, (2)

where ρ is the distortion factor and wmt is the additive

quantization noise. In addition, considering ρnmt +wmt as

a whole, the variance of the effective noise can be written as

γ2 = ρ2σ2
n + ρ(1− ρ)(1 + σ2

n). (3)

Iterative BiGAMP-based JCD and decoding. Compared

with conventional receivers, the BiGAMP-based receiver en-

ables realizing joint channel estimation and data detection

iteratively. Furthermore, we propose utilizing the feedback

of the decoder to refine the BiGAMP-based JCD and im-

prove the overall performance. Details of the algorithm are

presented in Appendix A.

Note that the variables related to pilots, as well as cor-

rectly decoded data symbols, will keep constant during itera-

tions because they are already known to the receiver (or can

be reconstructed). For other data symbols, based on the as-

sumption that r̂kt can be regarded as an equivalent AWGN

channel output of xkt with a noise variance of vr
kt

[3], the

updated expectation and variance of xkt in line 13 of Ap-

pendix A can be calculated with respect to

P(xkt) =
PX(xkt)CN (xkt

∣

∣r̂kt(ξ), v
r
kt
(ξ) )

∑

x∈Ω
PX(x)CN (x

∣

∣r̂kt(ξ), v
r
kt
(ξ) )

. (4)

In particular, the prior probability PX(xkt) is initialized to

be equal for each point on the constellation Ω, and then

updated by the decoder for the following outer iterations.

Once the JCD process is completed, the extrinsic log likeli-

hood ratios (LLRs) Λ are computed for channel decoding.
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Figure 1 (Color online) (a) Block error rate (BLER) performances and (b) computational complexity (floating point operations

per second) comparisons of different receiving algorithms under 2-bit quantization with M = 64, K = 8, Lp = K, code length

N = 2048, code rate R = 1/2, and quadrature phase-shift keying constellations.

After decoding, the correctly decoded bits (as indicated

by the CRC result) are re-encoded and modulated to re-

cover the original symbols, which will be treated as pilots in

subsequent iterations. For the decoded bits that have not

passed the CRC detection, the soft outputs Π of the decoder

are utilized to generate the prior symbol probability for the

JCD as follows:

PX(xkt = a) =

Q
∏

q=1

1

2

[

1 + (2bq − 1) tanh

(

Π(xq

kt
)

2

)]

, (5)

where Q is the modulation order and bq is the corresponding

bit value of xq

kt
. Then, x̂kt(ξ) and vx

kt
(ξ) can be renewed

through soft modulation, which will be set as the initial val-

ues for the next outer iteration. Thus, the BiGAMP-based

JCD and decoding can be executed iteratively until the ter-

mination conditions are satisfied.

Partially active processing. The computational complex-

ity is mainly contributed by the steps of BiGAMP-based

JCD, in which the transmission block length is a domi-

nant factor. Therefore, to avoid high complexity when the

block length is large, a partially active processing method

is adopted for our proposed receiver as a feasible instance

of the strategy noted in [4]. In the first stage, only part

of the data symbols will be activated to participate in the

BiGAMP-based JCD with pilots, whereas others will remain

inactive. In the second stage, with the channel estimates Ĥ

obtained previously, the left symbols Xleft are detected us-

ing a simple detector by applying minimum mean square

error (MMSE) detection with CRC-aided hard interference

cancellation. The detailed steps, with the linear quantizer

model considered, are described in Appendix B.

Simulation results. We assume an uplink massive MIMO

system encoded by the fifth-generation (5G) low-density

parity check codes with 16-bit CRC codes embedded in the

information bits. The number of pilot symbols and data

symbols are denoted by Lp and Ld, while η is used to rep-

resent the proportion of active data symbols. In addition,

the linear (L) MMSE-based data-aided channel estimation

proposed in [8] is adapted to our scenario for comparison.

To simplify the legend, these different receiving algorithms

are distinguished by BG (iterative BiGAMP-based JCD and

decoding), PA (partially active processing), and LMMSE.

We compared the BLER performance and computational

complexity of different receiving algorithms under 2-bit

quantization with a large transmission block length. As il-

lustrated in Figure 1, the performance advantage of the iter-

ative BiGAMP-based receiver compared with the LMMSE-

based counterpart was higher than 1 dB. In particular, by

dividing 40 JCD iterations into four parts and using the feed-

back of the decoder to form outer loops, an additional 0.3 dB

gain was obtained with a minimal increase in the complexity.

On the other hand, it can be observed that the complexity

significantly dropped when only half of the data symbols

were activated to participate in the JCD, whereas the per-

formance suffered only a slight loss. However, when the pro-

portion η decreased to 1/8, the receiver performed poorly,

despite its complexity remaining higher than the LMMSE-

based counterpart, which indicated the importance of select-

ing η appropriately. We also plotted the BLER performance

of the LS method [2] with different Lp. Results showed that

when Lp increased to 50K or 100K, the LS method out-

performed the iterative BiGAMP-based approach with only

K pilots; however, the corresponding pilot overheads were

typically unavailable in practical systems.
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