
Proactive Rank Adaptation Method Using 
Probabilistic Interference Arrival Information 

Takayuki Matsumuro, Kazuto Yano, Toshikazu Sakano 

Wave Engineering Laboratories, Advanced Telecommunications Research Institute International (ATR)  
2-2-2 Hikaridai Seika-cho, Sorakugun, Kyoto 619-0288 Japan 

matsumuro@atr.jp, kzyano@atr.jp, t.sakano@atr.jp 

 
 
Abstract— Rank adaptation for MIMO transmission is important 
for robust transmission in the presence of arriving interference. 
However, as traffic patterns become more complex, the arrival of 
interference can only be predicted probabilistically. This paper 
proposes a method for effective rank adaptation based on such 
probabilistic interference arrival information. The method 
calculates the channel capacity for each event in advance and 
selects the rank with the maximum expected value. The 
effectiveness of the proposed method is verified by simulations 
assuming ideal propagation conditions. 

 
Keywords— MIMO, rank adaptation, MMSE weight, adaptive 
array, probabilistic interference condition 

I. INTRODUCTION 

Multi-input multi-output (MIMO) transmission is essential 
for current broadband wireless communications [1,2]. In 
addition, rank adaptation of MIMO transmission is also 
important for robust transmission when interference arrives [3]. 
In a wireless local area network (LAN), the hidden-node 
problem sometimes occurs. In this situation, a receiver faces on 
sporadic interference. Reference [4] proposed an adaptive array 
antenna to suppress sporadic interference of orthogonal 
frequency division multiplexing (OFDM) transmission. 
However, if transmission rank is not properly chosen, such an 
adaptive array antenna cannot suppress the interference 
effectively due to an insufficient degree of freedom. Therefore, 
it is useful to predict the arrival of interference and its channel 
matrix in advance for efficient rank adaptation. However, if the 
traffic pattern is complex, it is hard to deterministically predict 
the arrival of interference in the near future. 

In reference [5], a method to predict the probabilistic busy 
duration of the wireless channels from busy/idle history has 
been proposed. A method to detect interference arrival for a 
MIMO system is also proposed in [6]. In addition, several kinds 
of wireless channel predictors have been studied [7]. From 
these methods, we can predict the probability of arrival and 
channel matrix for each interference source separately.  

On the other hand, conventional rank adaptation methods 
cannot be applied to cases where the arrival or absence of 
interfering waves is predicted probabilistically, because it relies 
on the deterministic knowledge of interference arrival. 
Therefore, in this study, we developed a method to achieve 
optimal MIMO transmission using the arrival probability and 
channel matrix of interfering waves. 

II. SYSTEM MODEL AND RANK ADAPTATION METHOD 

A. System Model 

First, the system model assumed in this study is shown in 
Figure 1. Assume a 4 × 4 MIMO system with four 
transmit/receive antennas at the base station (Tx) and device 
(Rx), and that the probabilities of arrival of interference from 
sources A and B are given as 𝑝஺  and 𝑝஻, respectively. It is also 
assumed that the channel matrices of the desired and interfering 
waves in the near future are given by 𝑯ୈ,𝒉୍୅,𝒉ூ஻.  

If the interference from sources A and B arrives 
deterministically, the signal x(t) input to the receiving antenna 
is given by 

𝒙ሺ𝑡ሻ ൌ 𝑯ୈ 𝒔ሺ𝑡ሻ ൅ 𝒉୅ 𝑖୅ሺ𝑡ሻ ൅ 𝒉୆ 𝑖୆ሺ𝑡ሻ ൅ 𝒏ሺ𝑡ሻ, (1) 

where 𝒔ሺ𝑡ሻ, 𝑖୅ሺ𝑡ሻ, 𝑖஻ሺ𝑡ሻ,𝒏ሺ𝑡ሻ denote the transmitted signal, the 
signal of interference source A, the signal of interference source 
B, and the thermal noise of the receiver, respectively. The 
channel matrix of the interfering wave 𝒉୅ is typically a 
composite of coherent multipath array responses. In this study, 
we assumed the interference wave was simply expressed in the 
following equation using the direction of arrival 𝜃୅. 

𝒉୅ ൌ ൦

1
expሺെjπ sin𝜃୅ሻ

expሺെj 2π sin𝜃୅ሻ
expሺെj 3π sin𝜃୅ሻ 

൪. (2) 

The channel matrix 𝒉஻  was also expressed in the same way 
using the direction of arrival 𝜃୆. 
 

 
Figure 1. System model of probabilistic interference condition 



In the real MIMO transmission system, the weight vectors of 
each desired stream are aligned and matrixed to form a weight 
matrix, but in this paper, we set the received signal 𝒚ሺ𝑡ሻ by 
multiplying 𝒙ሺ𝑡ሻ by the weight matrix 𝑾ோ. By controlling this 
weight vector appropriately, the effects of interference sources 
and thermal noise can be suppressed. When MMSE is used as 
the method for determining the weight vector, it is known that 
the optimal weight 𝑾୭୮୲,௝ for the transmitted signal 𝑠௝ሺ𝑡ሻ of the 
j-th spatial stream is given by the following equation as a 
Wiener solution [8]. 

𝑾୭୮୲,௝ ൌ ሺ𝑹௫௫ሻିଵ 𝒓௫௦ೕ, (3) 

where 𝑹௫௫  and 𝒓௫௦ೕ   are the correlation matrix of the received 

signal and the correlation vector between the transmitted signal 
of the j-th spatial stream and the received signals. They are 
given by Eqs. (4) and (5) using the propagation path matrices, 
respectively. 

𝑹௫௫ ൌ
௉ೞ
ே౐
𝑯஽
∗ 𝑯஽

் ൅ 𝑃஺ 𝒉஺
∗𝒉஺

் ൅ 𝑃஻𝒉஻
∗ 𝒉஻

் ൅ 𝜎ଶ𝑰ே౎ , (4) 

𝒓௫௦ೕ ൌ
௉ೞ
ே౐
𝒉௝
∗, (5) 

where 𝑃௦ and 𝑁୘ are the transmit power of the desired wave and 
the number of transmit antennas (=streams), 𝑃஺ and 𝑃஻ are the 
transmit powers of interference sources A and B, and 𝜎ଶ is the 
noise power, respectively. 𝒉௝   represents the channel vector 
corresponding to the j-th transmit antenna of 𝑯஽ , and 𝑰ே౎ 
represents the 𝑁ோ ൈ 𝑁ோ   unit matrix. The superscripts * and T 
denote complex conjugation and transposition, respectively. 
 The channel capacity when the above MMSE is applied can 
be obtained from the SINR of the desired signal and the 
interfering signal using the following equation. 

𝐶୑୑ୗ୉ ൌ෍ logଶ ൭1 ൅
ห𝑾୭୮୲,௝

்  𝒉௝ห
ଶ

𝑾୭୮୲,௝
ு  𝒉௝

∗ െ ห𝑾୭୮୲,௝
்  𝒉௝ห

ଶ൱

ே౐

௝ୀଵ

 (6) 

where the superscript H denotes complex conjugate 
transposition. 

B. Rand Adaptation Method with Probability Information 

We have shown that the optimal weights 𝑾୭୮୲ , and the 
channel capacitance 𝐶୑୑ୗ୉, are given by Eqs. (1) to (6) when 
the interfering waves from interference sources A and B arrive 
definitively (or not). However, since the optimal weights differ 
depending on whether interfering waves arrive or not, it is 
necessary to develop a new rank adaptation method when such 
interfering waves arrive stochastically. For example, in the 
system model shown in Fig. 1, when an interfering wave arrives, 
the rank of the transmitter including interference sources is 6 
compared to the rank of the receiver, 4, so it is necessary to 
reduce the number of streams appropriately. 

To address this problem, especially in determining the 
number of streams, the implementers devised a control scheme  
that uses expected values of channel capacity. Table 1 shows 
the symbols representing the channel capacity and its expected  

TABLE 1. CHANNEL CAPACITY WITH MMSE WEIGHTS 

Rank w/o w/ A w/ B 
w/ A 

and B 
EXP 

4 𝐶ସ
஺̅∩஻ത  𝐶ସ

஺∩஻ത  𝐶ସ
஺̅∩஻ 𝐶ସ

஺∩஻ 𝐸஼, ସ 

3 𝐶ଷ
஺̅∩஻ത  𝐶ଷ

஺∩஻ത  𝐶ଷ
஺̅∩஻ 𝐶ଷ

஺∩஻ 𝐸஼, ଷ 

2 𝐶ଶ
஺̅∩஻ത  𝐶ଶ

஺∩஻ത  𝐶ଶ
஺̅∩஻ 𝐶ଶ

஺∩஻ 𝐸஼, ଶ 

 
value when using the optimal weights based on MMSE for each 
number of streams. Since there are two interference sources in 
the system model assumed now, the arrival conditions of 
interference sources can be divided into four cases. Let 𝐴 and 
𝐵  denote the event of the arrival of interference A and B, 
respectively. For example, the event of no arrival of 
interference wave can be expressed as 𝐴̅ ∩ 𝐵ത . Furthermore, 
assuming that these events are independent, for example, the 
probability of no arrival of interfering wave 𝑝஺̅∩஻ത  can be 
express as 𝑝஺̅∩஻ത ൌ ሺ1 െ 𝑝୅ሻሺ1 െ 𝑝୆ሻ. Then, when the number 
of spatial streams is 𝑚, the expected channel capacity 𝐸௖,௠  is 
expressed by the following equation. 

𝐸௖,௠ ൌ 𝐶௠஺̅∩஻
തሺ1 െ 𝑝஺ሻሺ1 െ 𝑝஻ሻ

൅ 𝐶௠஺∩஻
ത  𝑝஺ ሺ1 െ 𝑝஻ሻ 

   ൅ 𝐶௠஺̅∩஻ሺ1 െ 𝑝஺ሻ 𝑝஻ ൅ 𝐶ସ஺∩஻ 𝑝஺ 𝑝஻ 
(7) 

By calculating and comparing the expected channel capacity 
for each number of streams (𝑚 ൌ 2, 3, 4) using this formula, 
the number of streams that maximizes the value can be 
determined.  

III.  EVALUATION OF PROPOSED METHOD 

To verify the effectiveness of the above proposed method, 
numerical simulations were performed using MATLAB. Each 
channel capacity was obtained by taking the average of 10,000 
times generated so that the statistical distribution of the 
propagation path matrix 𝑯஽  would be independent Rayleigh 
fading between each element. The various parameters used in 

the simulations is shown in Tables 2. In this simulation, we 

assumed that the received power of the signal and that of the 
interference A and B were all equal. The expected channel 
capacity at each rank was (re-)calculated when the arrival 
probability of the interference waves changed. 

First, as a specific example, we discuss the expected channel 
capacity when the arrival probability of interference waves A 
and B is 50% and 10%, respectively. The channel capacity and 
expected values for each event are shown in Table 3. The table 
shows that when the number of streams is set to 4, the channel 
capacity is 28.9 bps/Hz without interfering waves, while the 
channel capacity decreases to 10.6 bps/Hz when interference A 
or B arrive. On the other hand, when the number of streams is 
set to 3, the channel capacity can be maintained at 22.9 bps/Hz 
because the MMSE can null against the interfering wave. 
Similarly, when the number of streams is set to 2, the channel 
capacity can be maintained at 16.3 bps/Hz even when  



TABLE 2. SIMULATION CONDITION 

Parameter Value 

SNR ሺ𝑃௦/𝜎ଶሻ 30 dB 

INR_A (𝑃୅/𝜎ଶሻ 30 dB 

INR_B ሺ𝑃୆/𝜎ଶሻ 30 dB 

Angle of interference A ሺ𝜃୅ሻ 10 deg. 

Angle of interference B ሺ𝜃୆ሻ -20 deg. 

Probability of interference A (𝑝୅) {0, 50, 100%} 

Probability of interference B ሺ𝑝஻ሻ {0 to 100%} 

TABLE 3. SIMULATION RESULT OF CHANNEL CAPACITY  
(𝑝୅ ൌ 50 %,  𝑝୆ ൌ 10 %) 

Rank w/o w/ A w/ B 
w/ A 
and B 

EXP 

4 28.9 10.6 10.6 5.42 18.6 

3 27.0 22.9 22.8 7.06 23.9 

2 20.6 19.1 19.2 16.3 19.7 

 
interference sources A and B arrive simultaneously. The 
expected values of the channel capacity for the number of 
streams 4, 3, and 2, taking into account the probability of arrival 
of interfering waves, are 18.6 bps/Hz, 23.9 bps/Hz, and 19.7 
bps/Hz. In other words, under the present simulation conditions, 
the highest channel capacity is expected when the number of 
streams is set to 3. In this way, the proposed method can be used 
to determine suitable rank from probabilistic conditions. 

Next, we describe the change in the expected value of each 
rank due to the probability of arrival of interfering waves A and 
B. The three graphs in Fig. 2 show the change in expectation 
for interfering wave B when 𝑝୅  is 0%, 50%, and 100%, 
respectively. The transmitting antenna ranks (𝑁୘) of 2, 3, and 4 
are shown in red (with cross mark), green (with circle mark), 
and blue (with square mark), respectively. Figure 2(a) shows 
that when 𝑝୆ is also small, the expected value of rank 4 is the 
largest, but it rapidly decreases as the probability of arrival 
increases. When 𝑝୆ exceeds 10%, the expected value is highest 
at rank 3. Next, the case when 𝑝୅ is 100%, as shown in Fig. 
2(c), is considered. In this case, the slope of rank 3, indicated 
by the green line, becomes the largest. This is caused by the 
lack of degrees of freedom in the weight vector when two 
interfering waves arrive. When 𝑝୆ exceeds 30%, the expected 
value is highest at rank 2. Finally, the case of 50% 𝑝୅  is 
considered. Figure 2(b) is interesting to note that the slopes of 
the blue and green lines are nearly equal. It was found that rank 
3 is the maximum when 𝑝୆ is less than 60%, and rank 2 is the 
maximum when 𝑝୆ is greater than 60%. 

IV. CONCLUSION 

In this paper, we proposed a basic rank adaptation method 
for the MIMO transmission using probabilistic interference 
wave arrival information. The method calculates the channel 
capacity in each event and determines the rank so that the 

expected value of the channel capacity is maximized. 
Numerical simulations were performed to confirm the 
effectiveness of the proposed method under ideal conditions.  

Figure 2. Change of expected channel capacity due to arrival probability  



In realistic situations, it is expected that the estimation of 
arrival probabilities and channels will contain a certain amount 
of error. In the future, it is necessary to develop methods to 
perform rank adaptations and to determine weight vectors with 
taking such error into account.  
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