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The rapid growth in the number of wireless communication devices has led to the expansion of

frequency bands to higher frequencies, resulting in increased overlap between communication and radar

systems. Dual-Functional Radar-Communication (DFRC), which shares spectrum resources on the same

hardware platform, is an effective solution to address spectrum congestion. The integration of Multiple-Input

Multiple-Output (MIMO) technology, which employs multi-antenna techniques, with DFRC is crucial for
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achieving both high-precision detection and large-capacity communication. Beamforming technology plays a key
role in efficiently allocating resources between these two requirements, further enhancing the collaborative gain
of DFRC systems. Beampattern gain, a critical performance metric for target detection, makes it essential to
investigate beamforming designs that maximize this gain in MIMO DFRC systems.

Methods A MIMO DFRC system is considered, which simultaneously achieves target detection and Multi-
User (MU) communication. First, a beamforming problem is formulated to maximize the beampattern gain in
the target direction, while satisfying MU Signal-to-Interference-plus-Noise Ratio (SINR) and total power
constraints. To address this beamforming design problem, two methods based on Semidefinite Relaxation
(SDR) and Majorization Minimization (MM) are proposed to solve for the transmit beamforming vectors.
Specifically, the SDR-based method transforms the beamforming problem into a semidefinite programming
problem by introducing auxiliary variables and relaxing the rank-one constraint. The MM-based method, on the
other hand, uses the first-order Taylor expansion to construct a cost function from the objective function,
transforms the SINR constraint into a second-order cone constraint, and iteratively solves the simplified
problem.

Results and Discussions The convergence curves of the SDR-based and MM-based beamforming design
schemes are shown (Figure 2). The results indicate that the MM-based method can achieve almost the same
beampattern gain as the SDR-based method. Under the same number of transmit antennas, a higher SINR
threshold results in a smaller beampattern gain. This phenomenon reflects the performance trade-off between
communication and radar in MIMO DFRC systems. Under the same SINR threshold, increasing the number of
transmit antennas leads to a greater beampattern gain. This is because an increase in the number of transmit
antennas provides additional degrees of freedom for the radar. The comparison of the single CVX running time
of the SDR-based and MM-based methods under different numbers of transmit antennas is shown (Figure 3).
The results demonstrate that the single CVX running time of the MM-based method is shorter than that of the
SDR-based method for the same number of transmit antennas, and as the number of transmit antennas
increases, the complexity reduction of the MM-based method becomes more significant than that of the SDR-
based method. The variation curves of beampattern gain with SINR threshold for different numbers of transmit
antennas in the MM-based and SDR-based methods are shown (Figure 4). The beampattern gain obtained by
the MM-based method is slightly lower than that obtained by the SDR-based method. However, as the number
of transmit antennas increases, the difference between the two methods gradually decreases. Moreover, the more
transmit antennas there are, the greater the SINR achievable by the communication user. When the number of
antennas is fixed, the relationship between beampattern gain and transmit SNR obtained by the radar using
the MM-based method is presented (Figure 5). When the SINR threshold remains unchanged, the relationship
between them is shown (Figure 6). The results illustrate that, compared with the radar-only scenario, the
beampattern gain performance of MIMO DFRC systems is lower, and a larger SINR threshold results in a
smaller beampattern gain. Additionally, within a certain range, when the transmit SNR is constant,
beampattern gain is directly proportional to the number of transmit antennas.

Conclusions This paper addresses the beamforming design problem for MIMO DFRC systems with the
objective of maximizing beampattern gain. By jointly optimizing the communication and radar transmit
beamforming vectors, the beampattern gain in the target direction is maximized while satisfying the SINR
constraint for communication users and the total transmit power constraint. To solve this problem, the SDR-
based and MM-based beamforming design methods are proposed. Simulation results demonstrate that the MM-
based method offers lower complexity and achieves nearly the same beampattern gain as the SDR-based
method. Moreover, as the number of transmit antennas increases, the complexity reduction of the MM-based
method is more significant compared to the SDR-based method.

Key words: Dual-Functional Radar-Communication (DFRC); Multiple-Input Multiple-Output (MIMO);

Beamforming; Beampattern gain; Majorization minimization
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