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A 3.5 GHz OAM antenna with ±1 mode was designed and fabricated,

and the channel measurement in frequency domain was used to mea-

sure the channel in full angle domain under indoor multipath scenarios.

Then, the modified probability density function of Gaussian distribu-

tion, Laplacian distribution, and Von Mises distribution are used to es-

tablish the OAM full-angle statistical channel model. The fitting curve

results well represent the statistical characteristics of OAM in indoor

multipath scenario.

Introduction: In the post-5G and future 6G era, indoor communication

is one of the hottest scenes as data explosion. Orbital angular momen-

tum (OAM), with its unique orthogonal eigenstates, will bring high secu-

rity and ultra-fast data transmission to future communications [1]. Many

pieces of research focus on the OAM antenna design [2] and OAM mul-

tiplexing [3]. In addition, some scholars have established ideal determin-

istic multipath model to represent the propagation state of OAM beam

in the actual environment. The proposed model conditions are too strict

and the verification work is insufficient [4]. Few studies have been con-

ducted on OAM channel sounding in real scenarios [5]. To verify the

channel characteristics of OAM in the indoor scenes, this letter gives an

initial study of the microwave OAM full-angle channel based on mea-

surements. Also, we present the detailed design structure of OAM an-

tenna and modified probability density function fitting process.

The OAM antenna design: In this section, a 3.5 GHz ±1 mode OAM

antenna based on the patch antenna is designed and manufactured, and

completed testing of far-field radiation characteristics.

As shown in Figure 1, the structure of OAM array antenna based on

micro-strip patch antenna has been given in detail, and all dimensions

are in millimetres. From the structure that feeders of different lengths in-

crease the phase of the antenna array element of +1 mode counterclock-

wise, the phase of the array element in −1 mode increases in a clockwise

direction. After the OAM antenna was made, the near-field plane radia-

tion characteristics were measured in the microwave anechoic chamber,

and the 500 mm × 500 mm plane was swept with the probe antenna.

The obtained amplitude and phase profiles shows the obvious vortex

phase and hollow phenomenon, which represents the OAM antenna are

designed well. However, a slightly elliptical in amplitude plot are caused

by asymmetrical layout and anisotropic radiations of array elements. The

antenna operates at 3.5 GHz with 3% bandwidth.

Fig. 1 The structure diagram, profile display, amplitude, and phase of ±1

mode array OAM antenna

Indoor multipath corridor full-angle domain channel sounder:

Schematic diagram of an indoor multipath corridor full-angle domain

channel sounder is shown in Figure 2a, where the OAM channel sounder

system consists of the designed OAM antennas and vector network anal-

yser (Keysight N5235B). Besides, D is the initial array centre distance

and θ is the horizontal axis offset angle. Note that α denotes the angle

of horizontal rotation. Moreover, in the paper, the uniform circular array

we use is based on an eight-element patch antenna array.

Modified angular distribution probability density function:

fGaussian(α) = a ·
1

√
2πσ

e
− (α−µ)2

2σ2 (1)

fLaplace(α) = b ·
1

2λ
e
− |α−µ|

γ (2)

fVon Mises(α) = c ·
e(κ cos (α−µ))

2π I0(κ )
(3)

where fGaussian(·), fLaplace(·), and fVon Mises(·) respectively represent the

modified probability density functions of Gaussian, Laplacian, and Von

Mises distributions. a, b, and c represent the amplitude correction factor

for changing the probability density function, respectively. σ is coeffi-

cient of standard deviation, γ denotes scale parameter, κ represents the

concentration of azimuth AoA/AoD, I0(κ ) is the first class of zero-order

modified Bessel functions, µ is the location parameter.

Measurements of indoor multipath corridor OAM full-angle domain

channel: The whole measurement steps are as follows: firstly, the vector

network analyser is calibrated and the initial distance between antenna

height is determined. Then, the rotation angle and horizontal deviation

angle of the receiver antenna were changed successively, Next, the re-

ceiver antenna is changed until the last group of experiments is finished.

In Figure 2b, the measurement is carried out in an indoor corridor envi-

ronment with a dimension of 17 m × 10 m × 3.2 m. During the test, the

Tx and Rx antennas were strictly the same height. For facilitate under-

standing, the detailed parameter settings is given in Table 1. It is worth

noting that we specify a positive angle for clockwise rotation.

Numerical results: In this section, the modified probability density

function fits the original test data and the cumulative distribution func-

tion are analysed. The root mean square error function value was used

to measure the accuracy of the modified model.

Figure 3 shows when D = 9λ and θ = 15◦, the modified Gaussian

distribution, Laplacian distribution and Von Mises probability density

function curves are well-fitted at different receiving mode, respectively.

Then, although the receiving antenna mode is changed, we found that the

offset of the main peak of the probability density function is almost equal

to the horizontal offset angle. Besides, after setting the constant thresh-

old value, we found that values exceeding the threshold value would

occur within the range of 60◦ of horizontal offset angle, and the angle

Fig. 2 The space diagram of indoor multipath corridor full-angle domain

channel model. (a) Channel sounder; (b) top view of test scenario
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Table 1. Measurement parameter setting

Parameters Settings

Transmitter mode (L) −1

Receiver mode (L) ±1

Radius of Tx and Rx antenna R (in λ) 0.9

Antenna height (m) 1.48

Transmitter power (dBm) 0

Measurement frequency range (GHz) 3.5–3.6

IF bandwidth (Hz) 1000

Sweep frequency points 201

Transceiver antenna distance D (in λ) 3 5 7 9

Misaligned horizontal angle θ (in degree) 0 15 30 45

−90 −80 −70 −60 −50 −40

Rotation angle of receiving antenna α (in degree) −30 −20 −10 0 10 20

30 40 50 60 70 80 90

Fig. 3 When D = 9λ, the modified Gaussian distribution, Laplacian distribu-

tion, and Von Mises probability density function curves are fitted at different

offset angles (a) Tx mode −1 Rx mode −1 ; (b) Tx mode −1 Rx mode 1

Table 2. Fitting model parameter setting for Tx mode = 1

Receiver modal value −1

θ 0 15 30 45 60

a 0.49 0.244 0.254 0.27 0.29

σ 1.5 1 1 1 1

b 0.218 0.158 1.138 0.158 0.152

λ 1.205 1.405 1.505 1.505 1.505

c 0.255 0.215 0.235 0.255 0.259

κ 1.91 1.51 1.51 1.51 1.51

Receiver modal value 1

θ 0 15 30 45 60

a 0.26 0.3 0.34 0.34 0.44

σ 1.1 1.3 1.3 1.2 1.8

b 0.14 0.21 0.175 0.18 0.14

λ 1.305 1.205 1.205 1.305 1.405

c 0.212 0.265 0.24 0.25 0.155

κ 1.51 1.51 1.51 1.61 2.81

µ 0 −π/12 −π/6 −π/4 −π/3

value of each value was not uniform, which may be due to the influence

of multiple reflection paths (Table 2).

Figure 4 shows the root mean square error results of the fitted mod-

els. On the whole, the root mean square error of Laplacian distribution

is lower than that of other distributions, which indicates that Lapla-

cian distribution can better represent the variation law of amplitude

Fig. 4 When D = 9λ and Tx mode −1 Rx mode 1 or −1, the fitting error

results of modified Gaussian distribution, Laplacian distribution, and Von

Mises probability density function models

Fig. 5 The Results of cumulative distribution functions of different receiving

modes

intensity of OAM with the changed of offset angle. Moreover, when

Rx mode is −1, the RMSE value of the fitted models show a trend

of increasing first and then decreasing with the increasing offset an-

gle, while Rx mode is the same of Tx mode, the RMSE value shows

a downward trend with the increase of the offset angle, which means

that the accuracy of the revised statistical model is higher when us-

ing the same mode reception. However, for some angles such as 7◦ to

23◦, the error values of Von Mises distribution is smaller than other

distributions, which means model accuracy of Von Mises distribution

is higher.

Figure 5 is about the accumulative distribution function of dif-

ferent angle domains and different mode reception. No matter the

receiving antenna is in mode 1 or mode −1, when the horizontal

offset angle is 30◦, the cumulative distribution function is almost

the same. It means that the multipath environment has almost the

same influence on the OAM beam. Moreover, when the offset an-

gle is 0 degrees, the modes at the receiver end are 1 and −1, and

the difference between the two curves is the largest, indicating that

the multipath environment at this time has a great influence on the

OAM beam.

Conclusion: We have established a two-dimensional plane OAM angu-

lar domain statistical channel model based on the modified probability

density functions of Gaussian, Laplacian, and Von Mises distributions.

On the one hand, it makes up for the gap of 3.5 GHz band OAM channel

model in the absence of indoor multipath scenarios. On the other hand,

the statistical model can contribute to post-5G and 6G network plan-

ning and OAM communication. A detailed analysis of indoor 3D OAM
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channel study with frequency extending to millimetre wave band will be

investigated in future works.
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