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Abstract: Aiming at the problem that most of the existing works only consider the ideal channel state information
(CSI) and hardware regulation capability, leading to high user transmission outages in real systems, considering the impact
of imperfect CSI, limited phase-shift modulation and hardware impairments (HWIs), a robust energy-efficient (EE) optimi-
zation algorithm with the help of intelligent reflecting surface (IRS) was proposed in this paper. Taking the constraints of
the maximum transmit power of the base station (BS), the discrete phase of the IRS, and the diverse transmission rate re-
quirements of users into account, a joint optimization problem of the active beamforming of the BS and the passive beam-
forming of the IRS based on Gaussian CSI error models and additive HWI models was formulated as a multivariate and cou-
pled energy-efficient maximization problem with uncertain parameters. Considering the coupled relationship between beam-
forming vectors and phase-shift matrices, the original problem was transformed into an active beamforming subproblem and
a discrete phase-shift subproblem via an alternating optimization strategy. The former was converted into a convex problem
by using Bernstein’s inequality, Dinkelbach’s method, and successive convex approximation. Then, the discrete phase-shift
subproblem with the solved active beamforming vectors was resolved by applying the penalty function method and the pro-
jection theorem. Simulation results showed that the EE was improved by 15.8% and the outage gap reached 86.7%, com-

pared to the traditional non-robust algorithm.
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