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Abstract— This study proposes a method for discrete position and 
rotation optimization applicable to a circular-track-based flexible-
sector six-dimensional movable antenna (6DMA) system to improve 
system performance in environments with non-uniform user 
distributions. Conventional base stations employing fixed-position 
antennas, with fixed orientations, possess limited capability to adapt 
to changes in user distribution. To address this issue, candidate 
positions satisfying placement constraints are generated in advance on 
the circular track, and an optimization method is proposed to 
determine the optimal combination of discrete position and rotation 
candidates. The proposed method reduces computational complexity 
while effectively reflecting sector coverage flexibility and antenna 
orientation adaptability according to user distribution by 
transforming the continuous search space into a discrete optimization 
problem. Simulation results obtained demonstrate that the proposed 
method outperforms conventional fixed-sector schemes and existing 
flexible-sector schemes. 

Keywords- Circular track, Discrete position and rotation optimization, 
Feasible discrete position generation, Flexible sector, Six-dimensional 
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I.  INTRODUCTION 
In next-generation wireless communication systems, the importance 

of communication technologies capable of flexibly adapting to non-
uniform user distributions and complex channel environments is 
increasing, as requirements such as massive connectivity, ultra-
reliability, and low latency are being increasingly emphasized. 
Accordingly, various technologies, including multiple-input multiple-
output (MIMO) [1], [2], reconfigurable intelligent surfaces (RIS) [3], 
[4], and integrated sensing and communication (ISAC) [5]–[7], are 
being actively investigated. However, conventional base stations (BSs) 
that employ fixed-position antennas (FPAs), with fixed orientations, 
have limitations in proactively adapting to dynamic user distributions 
and channel conditions [8].  

In this study, we propose a  discrete position and rotation 
optimization problem for a circular-track-based flexible-sector 6DMA 
systems. his structure allows multiple antenna surfaces to be placed on 
and rotated along a circular track, thereby enabling sector boundaries 
and antenna resources to be easily adjusted according to user 
distributions [10], [11].  

II. SYSTEM AND CHANNEL MODEL 

 

Fig. 1. System model combining the proposed 6DMA BS architecture. 
In this study, we adopt the circular-track-based flexible-sector 

6DMA BS structure and user distribution reported in [12] and extend 
the conventional top-view two-dimensional model to a three-
dimensional space. Figure 1 depicts that the system consists of one BS 
and multiple users.  

we assume a geometric line-of-sight (LoS) channel that varies based 
on the variation in the circular-track rotation and the discrete position 
and rotation of the antenna surfaces according to the structure of the 
sectorized downlink system reported in [12] and the approach for 
6DMA channel modeling reported in [13]. To this end, we define the 
position and rotation vectors of all the antenna surfaces are defined as 

𝐪𝐪 = [𝐪𝐪1
𝑇𝑇, 𝐪𝐪2

𝑇𝑇, ⋯ , 𝐪𝐪𝑆𝑆
𝑇𝑇]𝑇𝑇 ∈ ℝ3𝑆𝑆×1,                        (1) 

𝐮𝐮 = [𝐮𝐮1
𝑇𝑇, 𝐮𝐮2

𝑇𝑇, ⋯ , 𝐮𝐮𝑆𝑆
𝑇𝑇]𝑇𝑇 ∈ ℝ3𝑆𝑆×1.                        (2) 

Moreover, orthogonal multiple access (OMA) is assumed for 
downlink transmission. The corresponding performance metric is 
defined as the sum rate [bps/Hz]. To this end, let 𝒦𝒦𝑠𝑠(𝑟𝑟) denote the set 
of users belonging to the s-th sector at rotation state r. In addition, let 
𝑝𝑝𝑠𝑠,𝑘𝑘 denote the average transmit power allocated by the s-th sector to 
user k and 𝜎𝜎2 denote the noise power. Then, achievable rate for user k, 
and system sum rate are given by 

𝑅𝑅𝑠𝑠,𝑘𝑘(𝑟𝑟, 𝐪𝐪𝑠𝑠, 𝐮𝐮𝑠𝑠) = 1
|𝒦𝒦𝑠𝑠(𝑟𝑟)| log2 (1 + 𝑝𝑝𝑠𝑠,𝑘𝑘𝐺𝐺𝑠𝑠,𝑘𝑘(𝑟𝑟,𝑞𝑞𝑠𝑠,𝑢𝑢𝑠𝑠)|𝒦𝒦𝑠𝑠(𝑟𝑟)|

𝜎𝜎2  ),         (3) 
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𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠(𝑟𝑟, 𝐪𝐪, 𝐮𝐮) = ∑ ∑ 𝑅𝑅𝑠𝑠,𝑘𝑘
|𝒦𝒦𝑠𝑠(𝑟𝑟)|
𝑘𝑘=1

𝑆𝑆
𝑠𝑠=1 (𝑟𝑟, 𝐪𝐪𝑠𝑠, 𝐮𝐮𝑠𝑠).                 (4)                                    

III. PROPOSED ALGORITHM 

A. Circular-track-based rotation optimization 
In this section, we determine the optimal value of the discrete 

rotation index of the circular track that maximizes the system sum rate. 
The set of bins covered by each sector varies with variations in the 
rotation index, and the user distribution across sectors also varies 
accordingly. Let the circular-track rotation index be 𝑟𝑟 =
0,1, ⋯  , 𝑁𝑁CT − 1. For a given rotation state, 𝑟𝑟, bin set 𝒞𝒞𝑠𝑠(𝑟𝑟) covered 
by sector 𝑠𝑠  and the corresponding number of users |𝒦𝒦𝑠𝑠(𝑟𝑟)|  are 
determined. At the optimization stage of the circular-track rotation, we 
assume that the discrete position and discrete rotation of the antenna 
surface of each sector have not been thoroughly optimized thus far. 
That is, the 𝑠𝑠-th antenna surface is assumed to be placed at reference 
position 𝐪𝐪𝑠𝑠𝑐𝑐(𝑟𝑟) corresponding to the center of the sector under rotation 
state 𝑟𝑟 and to have reference rotation state 𝐮𝐮𝑠𝑠𝑐𝑐(𝑟𝑟) aligned toward the 
sector-center direction. Accordingly, the power gain of the reference 
channel for user 𝑘𝑘 at rotation state 𝑟𝑟 is defined as 

𝐺𝐺𝑠𝑠,𝑘𝑘
𝑐𝑐 (𝑟𝑟) = ‖𝐡𝐡𝑠𝑠,𝑘𝑘(𝐪𝐪𝑠𝑠𝑐𝑐(𝑟𝑟), 𝐮𝐮𝑠𝑠𝑐𝑐(𝑟𝑟)‖2

2.                           (5) 
Subsequently, the reference achievable rate of the k-th user in the s-

th sector at rotation state r is expressed as 
𝑅𝑅𝑠𝑠,𝑘𝑘

𝑐𝑐 (𝑟𝑟) = 1
|𝒦𝒦𝑠𝑠(𝑟𝑟)| 𝑙𝑙𝑙𝑙𝑙𝑙2 (1 + 𝑝𝑝𝑠𝑠,𝑘𝑘𝐺𝐺𝑠𝑠,𝑘𝑘

𝑐𝑐 (𝑟𝑟)|𝒦𝒦𝑠𝑠(𝑟𝑟)|
𝜎𝜎2 ) ,   𝑘𝑘 = 1,2, ⋯ , |𝒦𝒦𝑠𝑠(𝑟𝑟)|.     (6)                      

Therefore, the sum rate at rotation state r is defined as 
𝑅𝑅CT(𝑟𝑟) = ∑ ∑ 𝑅𝑅𝑠𝑠,𝑘𝑘

|𝒦𝒦𝑠𝑠(𝑟𝑟)|
𝑘𝑘=1

𝑆𝑆
𝑠𝑠=1 (𝑟𝑟).,                        (7) 

Accordingly, the optimization problem for circular-track rotation is 
formulated as 

(P1) max
𝑟𝑟

𝑅𝑅CT(r),                                      (8a) 

s. t.              𝑟𝑟 ∈ 0,1, ⋯ , 𝑁𝑁CT − 1.,                           (8b) 
 

B. Generating feasible discrete positions, discrete 
position and rotation optimization 

In this section, we propose a method to generate discrete position 
candidates that can be selected by the antenna surface within each 
sector. The main objective of the proposed candidate generation is to 
construct a feasible set of discrete positions, in which all candidate 
positions satisfy the minimum spacing constraint, 𝑑𝑑min. To this end, 
we first generate discrete position candidates over a cylindrical search 
region for each sector and subsequently reflect the circular-track 
rotation by rigidly rotating the entire candidate set. Let 𝑀𝑀cand denote 
the number of discrete position candidates in each sector, and let 𝑁𝑁𝜙𝜙 
and 𝑁𝑁𝑧𝑧  denote the number of position candidates along the azimuth 
and vertical directions, respectively. Then, the following is obtained: 

𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑁𝑁𝜑𝜑𝑁𝑁𝑧𝑧.                                               (9) 
Accordingly, the numbers of azimuth and vertical candidates can 

be set as equal, which provides similar spatial resolution in the 
horizontal and vertical directions and prevents the search from being 
excessively biased toward a specific direction. Therefore, 𝑁𝑁𝜙𝜙 and 𝑁𝑁𝑧𝑧 
are expressed as 

𝑁𝑁𝜑𝜑 = 𝑁𝑁𝑧𝑧 = 2𝜅𝜅 = √𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝜅𝜅  ∈ ℤ+.                       (10) 
The proposed method of candidate generation enables unbiased 

position exploration over the cylindrical search region by maintaining 
uniform candidate density in both the horizontal and vertical directions. 
Let 𝜙̄𝜙st denote the start angle after applying the circular-track rotation. 
Then, the start angle of sector 𝑠𝑠 is defined as 

𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠 = 𝜙𝜙𝑠𝑠𝑠𝑠 + (𝑠𝑠 − 1)Φ,           𝑠𝑠 = 1,2, ⋯ , 𝑆𝑆                   (11) 
The azimuth interval is defined as Δ𝜙𝜙 = Φ/𝑁𝑁𝜙𝜙. Accordingly, the 

center angle of the 𝑛𝑛𝜙𝜙-th azimuth candidate in sector 𝑠𝑠 is expressed as 

𝜙𝜙𝑠𝑠,𝑛𝑛𝜙𝜙 = 𝜙𝜙𝑠𝑠st + (𝑛𝑛𝜙𝜙− 1
2) Δ𝜙𝜙.                                    (12) 

Let the BS center coordinate be 𝐩𝐩BS = [𝑥𝑥BS, 𝑦𝑦BS, 𝑧𝑧BS]𝑇𝑇 ∈ ℝ3×1, 
radius of the cylindrical search region is 𝜉𝜉CT, and the vertical search 
range, determined by the number of vertical candidates and the 
horizontal candidate spacing is denoted as 𝐻𝐻cyl . Moreover, the key 
condition that determines whether the proposed candidate set is a 
feasible set of discrete positions is that the distances between adjacent 
candidate positions are no smaller than minimum spacing 𝑑𝑑min. Using 
𝑁𝑁𝜙𝜙 = √𝑀𝑀cand  and Δ𝜙𝜙 = Φ/𝑁𝑁𝜙𝜙 = 2𝜋𝜋/(𝑆𝑆𝑁𝑁𝜙𝜙) , the distance between 
adjacent candidates in the azimuth direction is given by the chord 
distance on the cylindrical surface, expressed as 

𝑑𝑑𝜙𝜙 = 2𝜉𝜉CTsin (Δ𝜙𝜙
2 ) = 2𝜉𝜉CTsin ( 𝜋𝜋

𝑆𝑆√𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
).                  (13) 

In this study, the horizontal adjacent-candidate distance, 𝑑𝑑𝜙𝜙, is 
used as the reference length, and 𝐻𝐻cyl is adaptively set such that the 
vertical search range increases with the increase in the number of 
position candidates. Specifically, 𝐻𝐻cyl is defined as 

𝐻𝐻cyl = 𝑑𝑑𝜙𝜙(log2𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 1).                               (14) 
Accordingly, the vertical position candidates are defined as 

𝑧𝑧𝑛𝑛𝑧𝑧 = {
𝑧𝑧BS,                                                                        𝑁𝑁𝑧𝑧 = 1
𝑧𝑧BS − 𝐻𝐻cyl

2 + 𝑛𝑛𝑧𝑧−1
𝑁𝑁𝑧𝑧−1 𝐻𝐻cyl, 𝑛𝑛𝑧𝑧 = 1,2, ⋯ , 𝑁𝑁𝑧𝑧

.                 (15) 

Accordingly, the set of discrete position candidates of sector 𝑠𝑠 is 
defined as follows: 

𝒬𝒬𝑠𝑠 = {𝐪𝐪𝑠𝑠,𝑛𝑛𝜙𝜙,𝑛𝑛𝑧𝑧 ∣ 𝑛𝑛𝜙𝜙 = 1,2, ⋯ , 𝑁𝑁𝜙𝜙, 𝑛𝑛𝑧𝑧 = 1,2, ⋯ , 𝑁𝑁𝑧𝑧}.             (16) 

As 𝑁𝑁𝜙𝜙𝑁𝑁𝑧𝑧 = 𝑀𝑀cand, double index (𝑛𝑛𝜙𝜙, 𝑛𝑛𝑧𝑧) can be re-indexed by 
a single index, 𝑚𝑚, as 

𝑚𝑚 = (𝑛𝑛𝜙𝜙 − 1)𝑁𝑁𝑧𝑧 + 𝑛𝑛𝑧𝑧,           𝑚𝑚 = 1,2, ⋯ , 𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.                (17) 
we generated a feasible set of discrete positions, 𝒬𝒬𝑠𝑠 , for each 

sector 𝑠𝑠. To reduce computational complexity, this study applies an AO 
algorithm that performs position search first and subsequently rotation 
search. First, at the position optimization stage, the antenna surface in 
each sector is assumed to maintain a reference rotation state, and the 
optimal position is selected by comparing the sum rates of different 
position candidates. Specifically, at each candidate position, 𝐪𝐪𝑠𝑠,𝑚𝑚, the 
reference rotation state of the antenna surface is set such that the 
surface is aligned with the outward normal direction of the cylindrical 
sector surface. Let this reference rotation be denoted as 𝐮𝐮𝑠𝑠ref . 
Subsequently, the optimal position and rotation indices of sector 𝑠𝑠 is 
expressed as 
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𝑖𝑖𝑠𝑠∗ = arg max
1≤𝑚𝑚≤𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑅𝑅𝑠𝑠(𝑟𝑟∗, 𝐪𝐪𝑠𝑠,𝑚𝑚, 𝐮𝐮𝑠𝑠ref).                           (18) 

𝑗𝑗𝑠𝑠∗ = arg max
 1≤𝑙𝑙 ≤ 𝐿𝐿

  𝑅𝑅𝑠𝑠(𝑟𝑟∗, 𝐪𝐪𝑠𝑠,𝑖𝑖𝑠𝑠∗, 𝐮𝐮𝑠𝑠,𝑖𝑖𝑠𝑠∗,𝑙𝑙).                            (19) 

IV. SIMULATION RESULTS 

A. Simulation setup 
Herein, Monte Carlo(MC= 104 ) simulations were conducted to 

verify the performance of the proposed optimization scheme. The BS 
is located at a height of 20m, and users are assumed to be distributed 
within a service region with radii ranging between 20–100m. The BS 
consists of 3 sectors and the system has a total of 30 bins. The carrier 
frequency is set to 28GHz, and the antenna element spacing is set to 
λ/2. The default antenna surface is configured as an 8×8 uniform 
planar array. The BS antenna surface is assumed to move along a 
circular track with a radius of 1m, and the number of discrete position 
candidates for the antenna surface is set to 48. For antenna-surface 
rotation, the yaw and pitch angles at each candidate position are set to 
{−15°, 0°, 15°} . The pathloss exponent is set to 𝛼𝛼0 = 2.5 , and the 
noise power is set to 𝜎𝜎2 = −114dBm . In addition, the antenna 
radiation pattern follows the data listed in Table 7.3-1 of 3GPP TR 
38.901, in which the maximum attenuation is 30 dB and the maximum 
antenna gain is 8 dBi [14]. To reflect a non-uniform user distribution, 
Three dense regions of 2, 3, and 2 consecutive bins were randomly 
generated, with 10 additional users assigned to each region. The user 
locations were generated according to the distribution model described 
in [12]. Finally. We examine the sum-rate performances of the 
proposed and benchmark schemes are compared.. 

B. Performance evaluation 

 
Fig. 2. Comparison of sum rate versus transmit power for the proposed 

algorithm, antenna surface discrete position and rotation optimization, 
and fixed-position antenna. 

Fig. 2 compares the proposed algorithm, antenna surface position 
and rotation optimization, and the FPA together. Unlike the previous 
figures, which individually compare two schemes, Fig. 2 illustrates 
how the performance improves as the functionalities of the proposed 
structure are added step by step. Specifically, compared with the FPA, 
applying antenna-surface position and rotation optimization 
significantly increases the sum rate, and the highest performance is 
achieved when BS circular-track rotation is further incorporated. 
Therefore, Fig. 2 shows that the performance gain of the proposed 
scheme is not due to a single factor, but is cumulatively obtained 

through the sequential combination of antenna-surface position and 
rotation optimization and BS circular-track rotation 

V. CONCLUSION 
This paper proposed an algorithm for circular-track rotation and 

antenna-surface discrete position and rotation optimization to improve 
system performance under a non-uniform user distribution. Simulation 
results revealed that the proposed algorithm outperformed the 
conventional FPA structure and the schemes considering only the 
circular-track rotation of the BS or only antenna-surface position and 
rotation optimization. These results confirm that the performance gain 
originates from the combined effect of BS-level rotational adaptability 
and antenna-surface-level position and directional adaptability. 
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