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Abstract— This technical report serves to provide further simulation results for the paper “Outage
constrained robust transmit optimization for multiuser MISO downlinks: Tractable approximations
by conic optimization”. In addition to the rate constrained formulation, which is the main focus of
the aforementioned main manuscript, we also demonstrate how the proposed methods can be used
to tackle the max-min fairness formulation and the achievable rate region characterization problem.
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1 Introduction

In [1], we developed three convex restriction methods for robust outage constrained transmit op-

timization under the multiuser MISO downlink scenario. Simulation results were provided to il-

lustrate the performance accuracies of the proposed methods. In this technical report, we further

demonstrate the efficacy of the proposed methods by showing more simulation results. In particu-

lar, we will illustrate the applications of the proposed methods to the max-min fairness formulation

and the achievable rate region characterization problem—which was not considered in [1] owing to

the limit of space.

2 Further Simulation Results

We follow the simulation results section in the main paper [1] to continue to show more simulation

results. The simulation setups for the examples below are generally the same as those in the main

paper; the details will not be repeated here and please see Section VI in [1].

2.1 Actual QoS Satisfaction Probabilities

Recall that the three proposed methods, as well as the benchmarked probabilistic SOCP method [2],

are conservative in the sense that the rate outage constraints, or the SINR satisfaction probability

constraints, are automatically satisfied. In this simulation example, we are interested in examining

the gaps between the system’s SINR satisfaction probability specification and the actual SINR

satisfaction probabilities. In the process, we will also illustrate that the perfect-CSI-based design

suffers from severe SINR outages. The simulation settings are the same as those in Simulation

Example 1 in [1]. In particular, note that the outage probability requirement is ρ = 0.1, i.e., 90%

or higher chance of satisfying the SINR requirements. We evaluate the histograms of the actual

SINR satisfaction probabilities over different channel realizations. To obtain the histograms, we

generated 500 realizations of the presumed channels {h̄i}
K
i=1. Then, for each channel realization,

the actual SINR satisfaction probabilities of all methods were numerically evaluated using 10, 000

randomly generated realizations of the CSI errors {ei}
K
i=1, which should be sufficient in terms of

the probability evaluation accuracy.

Figure 1 shows the histograms obtained. It validates that our proposed methods (and the

existing probabilistic SOCP method) indeed adhere to the 90% SINR satisfaction specification.

There are two interesting observations, as can be seen from the figure. The first is with the non-

robust method. While the non-robust method is, by nature, expected to violate the SINR outage

specification, its actual SINR satisfaction probabilities are below 50% for most of the channel

realizations, which is severe. This reveals that the perfect-CSI-based design can be quite sensitive

to CSI errors. The second is with the conservatism of the various robust methods. The probabilistic

SOCP method has its actual SINR satisfaction probabilities concentrating at 100%, which indicates
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that it may be playing too safe in meeting the outage specification. By contrast, our proposed

methods seem to be less conservative. Particularly, among the three methods, Method II (Bernstein-

type inequality) appears to be the most relaxed as observed from its histogram. This is consistent

with the previous simulation results [1].
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Figure 1: Histograms of the actual SINR satisfaction probabilities of various methods. Nt = K = 3;
C1 = · · · = CK = 0.002INt

; γ = 11 dB; ρ = 0.1.

2.2 Using the Proposed Methods to Tackle the Max-Min Fairness Formulation

The main paper [1] concentrated only on the rate constrained formulation. In fact, the proposed

methods may also be applied to other design formulations. In this simulation example, we consider

the application of the proposed methods to the max-min fairness (MMF) formulation.

The MMF formulation aims at finding the largest common rate, say, denoted by r, at which

all users’ achievable rates are guaranteed to be at least r subject to the total transmission power
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constraint. In the outage constrained context, we may formulate the MMF problem as

max
r∈R,

S1,...,SK∈HNt

r (1a)

s.t. Prob
hi∼CN (h̄i,Ci)

{Ri ≥ r} ≥ 1− ρi, i = 1, . . . ,K, (1b)

K
∑

i=1

Tr(Si) ≤ P, (1c)

S1, . . . ,SK � 0, r ≥ 0, (1d)

where the constant P specifies the system’s maximum total transmission power. In the perfect CSI

case, it is well known that the MMF problem can be solved via a bisection search strategy [3]. In

essence, bisection search utilizes the rate constrained problem as a sub-solver to iteratively find

the optimal MMF rate r; for details, please see the literature such as [3, 4]. Here, we adopt the

same idea to handle the outage constrained MMF problem (1). Algorithm 1 gives a pseudo-code

description of the bisection method. Note that in the algorithm, the rate constrained problems

arising in the bisection search are the same rate outage constrained problem we dealt with in the

main paper—and thus can be directly handled by the proposed convex restriction methods.

Algorithm 1 Bisection method for the outage constrained MMF problem (1).

1: Given upper and lower bounds rmax, rmin, and a desired solution accuracy ǫ > 0.
2: repeat

3: Set r = (rmin + rmax)/2.
4: Use one of the proposed convex restriction methods (see Table I in [1]) to approximately

solve the following rate outage constrained problem

min
S1,...,SK∈HNt

K
∑

i=1

Tr(Si)

s.t. Prob
hi∼CN (h̄i,Ci)

{Ri ≥ r} ≥ 1− ρi, i = 1, . . . ,K,

S1, . . . ,SK � 0,

and set (Ŝ1, . . . , ŜK) as the corresponding solution.
5: Compute the corresponding total power P̂ =

∑K
i=1 Tr(Ŝi).

6: Set rmin = r if P̂ ≤ P ; otherwise, set rmax = r.
7: until rmax − rmin ≤ ǫ
8: Output r as the achieved MMF rate, and (Ŝ1, . . . , ŜK) as the corresponding solution.

Let us show some simulation results for the aforementioned outage constrained MMF method.

The simulation settings are: Nt = K = 8, ρ = 0.1, P = 15dB, C1 = · · · = CK = σ2
eINt

. Figure 2(a)

shows the MMF rates achieved by application of the three proposed convex restriction methods,
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Figure 2: MMF rate performance of the various methods. (a) MMF rates versus 1/σ2, with
σ2
e = 0.002. (b) MMF rates versus the CSI error level σ2

e , with σ2 = 0.1. Nt = K = 8; ρ = 0.1;
P = 15dB.

wherein the MMF rates are plotted against the reciprocal of the noise power (or, roughly speaking,

the system’s SNR level). We see similar performance trends as in the previous simulation results;

in particular, Method II is the best in its MMF rates achieved. Figure 2(b) shows the MMF rates

w.r.t. the CSI uncertainty level. Again, similar performance behaviors are observed.
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2.3 Using the Proposed Methods to Perform Rate Region Characterization

The proposed methods may also be used to evaluate the achievable rate region. In the outage

constrained context, the achievable rate region may be expressed as

R =
⋃

S1,...,SK�0,
∑

K

i=1
Tr(Si)≤P

{

(r1, . . . , rK) � 0 : Prob
hi∼CN (h̄i,Ci)

{Ri ≥ ri} ≥ 1− ρi, i = 1, . . . ,K
}

(2)

where P > 0 is the maximum total transmission power. We are interested in characterizing R by

determining its Pareto boundary. Such a problem can be handled by the rate-profile approach [5, 6],

previously developed for the perfect CSI case. To describe how the approach works in the outage

constrained case, let us first introduce a rate-profile problem for the achievable rate region defined

in (2):

r⋆(α) = max
r∈R,

S1,...,SK∈HNt

r (3a)

s.t. Prob
hi∼CN (h̄i,Ci)

{Ri ≥ αi · r} ≥ 1− ρi, i = 1, . . . ,K, (3b)

K
∑

i=1

Tr(Si) ≤ P, (3c)

S1, . . . ,SK � 0, r ≥ 0, (3d)

where α = (α1, . . . , αK) � 0,
∑K

i=1 αi = 1, is given and is called a rate-profile vector. It is

known that a Pareto optimal point of R can be obtained by solving problem (3) with respect to

a particular α, and then evaluating the corresponding rate-tuple (α1r
⋆(α), . . . , αKr⋆(α)) [5, 6].

Hence, the Pareto boundary of R may be characterized by solving problem (3) for different α’s. To

solve problem (3), we note that problem (3) takes almost the same form as the MMF problem (1).

For this reason, every rate-profile problem can be processed by the same bisection method described

in the previous subsection (with minor modifications).

Some simulation demonstrations are given as follows. We consider a two-user scenario (K = 2),

and set Nt = 2, P = 15dB, ρ = 0.1, σ2 = 0.1, C1 = · · · = CK = σ2
eINt

, σ2
e = 0.002. Figure

3(a) shows the outage constrained achievable rate regions obtained by the three proposed convex

restriction methods; the probabilistic SOCP method is also included for comparison. As seen from

the figure, the rate regions yielded by the three proposed methods are better than that by the

probabilistic SOCP method. Also, Method II outperforms both Methods I and III, and Method I

works better than Method III. Figure 3(b) shows another rate region result where we increase Nt

to 8. The results look similar, except that Method III is better than Method I this time.
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Figure 3: Rate regions obtained by various methods. (a) Nt = K = 2. (b) Nt = 8, K = 2. The
solid circles indicate the sum-rate maximization points.
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