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"N\ bstract

Motivation

In order to handle more mobile users, there is a strong demand
for high-speed wireless communication systems. Multi-input
multi-output (MIMO) technology has been widely adopted to
support higher speed and more reliable data transmission. A low-
density parity-check (LDPC)-coded MIMO system with iterative
detection and decoding (IDD) receiver can achieve near-capacity
performance. A practical IDD receiver, however, is still regarded
infeasible due to its prohibitively high computational complexity
and lengthy latency. In this work, we propose the first true IDD
receiver with an MMSE (minimum mean-square error) based
MIMO detector and a LDPC decoder to support high throughput
with minimized area. Compared with conventional receiver, this
work has better FER (frame error rate) performance, the optimal
area efficiency and energy efficiency.

System model

1. For conventional non-IDD receiver, the decoder outputs the
information bits without feeding the soft information back
to detector. In an IDD receiver, in contrast, a MIMO detector
and LDPC decoder iteratively exchange soft messages
represented by the log-likelihood ratio (LLR) for each code
bit.

2. IDD receiver is hard to implement due to high computational
complexity and length latency. In our design, an efficient
interface scheduling is proposed. The hardware utilization
can be improved by 2 interleaved frames that yield 100%
utilization with a minimized latency.

3. The optimal MIMO detector such as MAP (maximum a
posteriori) detector is regarded infeasible as a result of
high computational complexity. An MMSE-PIC (parallel
interference cancellation) based IDD receiver can achieve
the better FER performance than MAP based conventional
receiver. This demonstrates a low-complexity MMSE-PIC
detector is sufficient for IDD receiver, which can be leveraged
to reduce detector complexity, especially for large-scale
MIMO systems.
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Breakthrough

1. MMSE-PIC detector needs to process inverse matrix
operation that reduces the hardware throughput. To enhance
the throughput with minimized area, QR decomposition
(QRD) is utilized to facilitate matrix inversion needed in the
MMSE-PIC algorithm by leveraging the characteristic of the
upper-triangular matrix.

2. The messages are updated based on the turbo principle for
IDD. In the direct-mapped design, the LDPC decoder requires
an additional memory for LDPC intrinsic memory to store the
LLR difference. In the work, an efficient interface is proposed
to reduce hardware complexity. The messages are updated
only when the detector produces the LLR difference, saving
31,104 bits for memory storage.

3. Based on the tradeoff between hardware complexity and
FER performance, Outer iteration and inner iteration can be
determined through sensitivity analysis. In this work, outer
iteration and inner iteration are equal to 3 respectively that
is adopted to achieve the optimal operation, where a gain
of 1.6 dB over the base-line MMSE-PIC non-IDD receiver is
achieved.

Experimental Results and Conclusion

A LDPC-coded MIMO systems with IDD chip is integrated in
1.33mm? in 40nm CMOS. The maximum gross throughput is
794Mb/s for a 4x4 16-QAM configuration at 288MHz. The chip
dissipates 135mW at 0.9V, achieving an energy efficiency of
170pJ/bit. The proposed MIMO detector, LDPC decoder, message
exchange interface, and outer-inner loop optimization for the IDD
receiver can be applied to existing and future communication
systems to enhance transmission performance.
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