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Abstract: Massive MIMO is one of the core technologies in 5G communication, and multiple input multiple output signals
can effectively improve the spectral efficiency and user communication quality in communication transmission. This article
elaborates on the principle of effective channel transmission from two dimensions: user downlink channel and
communication vector function, and designs a millimeter wave MIMO hybrid beamforming model based on this. The article
analyzes the design principle, implementation steps, and algorithm complexity of millimeter wave hybrid beamforming
model, and uses the hybrid beamforming model to design a specific implementation method for multi-user MIMO
scheduling; Based on the model, determine the antenna weighting vectors for bidirectional alternating optimization of the
transmitting and receiving terminal arrays, provide the algorithm flow for digital analog hybrid beamforming, and
ultimately achieve balanced scheduling for multi-user MIMO. The simulation results show that the scheduling algorithm
proposed in this paper has the advantages of fast convergence speed, low computational complexity, and high baseband
transmission efficiency.
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1. Introduction

In 5G communication systems, multi-user MIMO (Multiple Input Multiple Output) technology is one of the key
technologies to enhance network capacity and user experience. The multi-user MIMO scheduling algorithm based
on hybrid beamforming further enhances the efficiency of this technology [1-3]. Hybrid beamforming is a
technology that combines digital beamforming and analog beamforming. In 5G systems, especially in the
millimeter wave frequency band, hybrid beamforming technology is widely used to enhance the directionality and
coverage of signals [4-9]. By adjusting the phase and amplitude in the antenna array, the beam can be directed
towards specific users or areas, thereby improving signal quality and reducing interference [10-13]. The multi-
user MIMO scheduling algorithm is responsible for determining which users should be served at a certain moment
and how to allocate resources (such as time, frequency, power, etc.) to these users. In the multi-user MIMO system
based on hybrid beamforming, the scheduling algorithm needs to consider the constraints of beamforming, such
as the width, direction and shape of the beam [14-16]. The multi-user MIMO scheduling algorithm based on hybrid
beamforming is an important research direction in 5G communication systems. By comprehensively considering
factors such as user grouping, resource allocation, beam optimization, and cross layer optimization, the throughput,
coverage, and user experience of the system can be significantly improved [17-19].

5G massive MIMO technology is one of the key technologies in 5G communication, with significant advantages
and development potential. The principle is to use a large number of antennas to form multiple independent
channels at the transmitting and receiving ends, achieve parallel signal transmission, and improve channel capacity
and spectral efficiency. Its main advantages are: improving system capacity and spectrum efficiency, supporting
simultaneous transmission of more data streams; Enhance anti-interference capability and improve signal
reliability; Reduce energy consumption, achieve high-speed data transmission while reducing energy consumption;
Improve spectrum utilization and optimize spectrum resource management [20-22]. The 5G massive MIMO
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technology is mainly achieved through increasing the number of antennas, utilizing spatial diversity, and adopting
multi-user detection techniques. Specifically, this technology utilizes a large number of antennas to form multiple
independent channels at the transmitting and receiving ends, achieving parallel signal transmission and
significantly improving the system's channel capacity and spectral efficiency [23]. Meanwhile, through key
technologies such as space-time coding, spatial diversity, multi-user detection, channel estimation, and feedback
mechanisms, 5G massive MIMO technology can further improve the capacity, speed, and reliability of
communication systems, meeting the growing demand for wireless communication. In addition, this technology
also improves the power efficiency of the system, enhances anti-interference ability, reduces energy consumption,
and improves spectrum utilization through techniques such as beamforming and beam control [24].

2. Principle of Massive MIMO Beneficial Transmission in 5G Communication

Assuming that a typical Massive MIMO wireless communication system base station in 5G communication is
equipped with m communication antenna units, and the system base station simultaneously serves j network users
with n (n>1) equipped antennas, theoretically the value of m is much greater than n and tends to infinity. Under
this assumption, the communication signal S; received by j users is represented as:

S] = NSNRangjSO + nj (1)

Among them, SNRayq represents the average signal-to-noise ratio level during signal transmission, c; represents the
downlink channel of the jth user [15-16], So and n; respectively represent the original signal emitted by the base
station and the Gaussian white noise in the system transmission environment [17]. By integrating the received
signals of all n users into a column vector, the overall signal of the network user end can be obtained:

S= [SiI" Sér; """ ’ SI;I;]T =4 SNRangtalS + Ntar (2)

Among them, cw and nw represent the overall communication downlink channel and the overall system
environmental noise, respectively. When the network user end is a single antenna, signal interference only exists
between users. However, with the introduction of MIMO multiple antennas, there will also be signal interference
between antenna modules of the same user signal receiving system. Therefore, only under favorable transmission
conditions can interference from multiple antennas within communication between communication users and
within a single user communication be eliminated simultaneously [25].

3. Design of Millimeter Wave MIMO Hybrid Beamforming

As a common signal transmission and data information processing technology in the current communication field,
beamforming technology mainly processes the original signal beam into a narrowband beam through signal
weighting processing, and concentrates the energy on the main target user point, thereby improving the
communication signal-to-noise ratio of the receiving user and enhancing the quality of signal transmission [6].
Considering the overall architecture of the hybrid beamforming system, the RF link, antenna subarrays, analog
phase instruments of the system, and user RF antennas are all connected in a one-to-one manner. The data stream
transmission first goes through the digital encoder Fgg with a dimension of Ngr > Ns, and then goes through the
Fre processing of the analog encoder with a dimension of Ngr < N. Due to the limitations and constraints of the
internal structure and phase shifter of the analog encoder, the conditions are as follows:

fi - 0
fNRF

Among them, fi is the control vector of the i-th signal transmission subarray.

Frp = {f1,f2» """ »fNRF} = 3)

4. Research on Multi User MIMO Scheduling Algorithm Based on Hybrid Beamforming

For millimeter wave MIMO hybrid beamforming systems, the primary consideration in comprehensive
communication scheduling is to improve the overall data throughput of the system based on matching users and
subarrays. Therefore, based on the proportional fairness algorithm scheme, this article proposes a hybrid beam
semi orthogonal fair scheduling algorithm to achieve balance between channel resource occupancy and signal
transmission [26]. In the determined signal scheduling period T, select the sample user group according to the
principle of maximizing the power of the user's received signal, and count the total number of times the user is
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scheduled. Then, based on the predetermined threshold value, perform centralized scheduling for the users with
fewer times of scheduling. When matching users at the signal transmission end, the sub array belonging to the base
station uses a codebook Bi to modulate the beam signal. Considering the interference and semi orthogonality
between beams, the two orthogonal beams pi and pj satisfy the following conditions:

|<pi! p]>| < T,T =€ (0!1) (4)
At this point, the codebook B; is generated by the following formula (15):

B: = {pi' |<piv P1>| < T}v PiDi-1 € Bi—l!i!j =2 (5)
" Byi=1

Among them, By is the initial codebook of the system. By combining the codebook B; with the orthogonal beams
pi and p;, it is possible to perform mixed beam matching on the subarrays, reducing inter antenna interference
without increasing the total cost of data information transmission. When scheduling signals for multiple users, it
is necessary to set threshold values in advance to achieve the ultimate goal of balanced and fair scheduling [8].

5. Comparison of Spectral Efficiency of Hybrid Beamforming

To verify the performance of the hybrid beamforming scheme, the spectral efficiency of the proposed hybrid
beamforming scheme and the two-stage optimization scheme were compared under the conditions of 2, 4, and 6
RF links, respectively. Other implementation conditions include a number of 16 antenna subarrays, 32 codewords,
and the requirement that the number of signal receiving links is equal to the number of transmitting links [9]. The
frequency efficiency comparison of different RF link schemes is shown in Figure 1 below:
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Figure 1: Comparison of Spectral Efficiency of Different RF Link Solutions

As shown in the spectrum efficiency curve in Figure 1, when the number of RF links is 2, the spectrum efficiency
changes of the two schemes approach each other as the signal-to-noise ratio increases; And when the number of
RF links is 4, the advantages of the proposed scheme begin to emerge as the signal-to-noise ratio increases; When
the number of RF links is 6 and the signal-to-noise ratio exceeds 5, the frequency efficiency of the hybrid
beamforming scheme begins to show, indicating that as the number of antenna arrays increases, the proposed
scheme has better data signal transmission performance [10].

6. Conclusion

The era of 5G communication has arrived, and how to balance communication speed and user fairness while
ensuring communication quality under high-speed wireless network conditions has become an urgent problem to
be solved. Multi user MIMO technology is currently one of the core technologies in 5G communication. Therefore,
this article proposes a communication scheduling algorithm based on hybrid beamforming. Simulation comparison
results show that the proposed algorithm has significant advantages in comprehensive performance and algorithm
complexity, which can ensure the smooth implementation of multi-user MIMO communication.

22



Xiang, S. (2024). Journal of Theory and Practice in Engineering and Technology, 1(3), 20-24.

References

[1] Wu, Z. (2024). An Efficient Recommendation Model Based on Knowledge Graph Attention-Assisted
Network (KGATAX). arXiv preprint arXiv:2409.15315.

[2] Wang Desheng, Zhu Guangxi, Liu Yingzhu, Liu Deming, & Hu Zhenping. (2008). Multi-user diversity
resource scheduling algorithm based on virtual mimo subchannel. Computer Science, 35(6), 4.

[3] Ji, H., Xu, X., Su, G., Wang, J., & Wang, Y. (2024). Utilizing Machine Learning for Precise Audience
Targeting in Data Science and Targeted Advertising. Academic Journal of Science and Technology, 9(2),
215-220.

[4] Xu Shunging, Shi Jinglin, Zhou Qing, & Zhang Zongshuai. (2022). Multi-user scheduling algorithm for
massive mimo based on beam training. High Technology Communication (003), 032.

[5] Wang, Z., Zhu, Y., Chen, M., Liu, M., & Qin, W. (2024). LIm connection graphs for global feature extraction
in point cloud analysis. Applied Science and Biotechnology Journal for Advanced Research, 3(4), 10-16.

[6] Tan Li, Su Gang, Zhu Guangxi, & Wang Ling. (2010). Research on adaptive proportional fair scheduling
algorithm in Mimo systems. Computer Science (3), 4.

[71 Wu, Z. (2024). Deep Learning with Improved Metaheuristic Optimization for Traffic Flow Prediction.
Journal of Computer Science and Technology Studies, 6(4), 47-53.

[8] Lu, Q., Guo, X,, Yang, H., Wu, Z., & Mao, C. (2024). Research on Adaptive Algorithm Recommendation
System Based on Parallel Data Mining Platform. Advances in Computer, Signals and Systems, 8(5), 23-33.

[9] Li Jian-Lin, Liu Mei, Zhang Jun-Wei, Ding Li, & Yang Ying. (2009). Research on robust adaptive
beamforming algorithm in Wpt-cdma systems. Communication technology.

[10] Wang, Z., Chu, Z. C., Chen, M., Zhang, Y., & Yang, R. (2024). An Asynchronous LLM Architecture for
Event Stream Analysis with Cameras. Social Science Journal for Advanced Research, 4(5), 10-17.

[11] Zheng, H., Wang, B., Xiao, M., Qin, H., Wu, Z., & Tan, L. (2024). Adaptive Friction in Deep Learning:
Enhancing Optimizers with Sigmoid and Tanh Function. arXiv preprint arXiv:2408.11839.

[12] Bui, Quang, & Chung. Research on tensor blind receiver based on multi-user 3D MIMO communication
system. (Doctoral dissertation, University of Science and Technology of China).

[13] Chen L. (2011). Research on adaptive and Collaborative beamforming technology in wireless communication
system. (Doctoral dissertation, Shandong University).

[14] Zheng Ren, "Balancing role contributions: a novel approach for role-oriented dialogue summarization," Proc.
SPIE 13259, International Conference on Automation Control, Algorithm, and Intelligent Bionics (ACAIB
2024), 1325920 (4 September 2024); https://doi.org/10.1117/12.3039616

[15] TAN Li, SU Gang, ZHU Guangxi, WANG Ling, TAN Li, & Su Gang et al. (2010). Adaptive proportional
fair scheduling scheme for multi-input multi-output systemsmimo. Computer Science, 37(3), 67-69.

[16] Shen, Z. (2023). Algorithm Optimization and Performance Improvement of Data Visualization Analysis
Platform based on Atrtificial Intelligence. Frontiers in Computing and Intelligent Systems, 5(3), 14-17.

[17] Li Zhao, & Yang Jiawei. (2010). A transmission mode adaptive scheduling algorithm in multi-user mimo
downlink. Journal of Northwest University (Natural Science Edition), 040(004), 611-616.

[18] He, C., Yu, B., Liu, M., Guo, L., Tian, L., & Huang, J. (2024). Utilizing Large Language Models to Illustrate
Constraints for Construction Planning. Buildings, 14(8), 2511.
https://doi.org/https://doi.org/10.3390/buildings14082511

[19] He, C,, Liu, M., Wang, Z., Chen, G., Zhang, Y., & Hsiang, S. M. (2022). Facilitating Smart Contract in
Project Scheduling under Uncertainty—A Choquet Integral Approach. Construction Research Congress 2022,
930 - 939. https://doi.org/10.1061/9780784483961.097

[20] Yang, H., Zi, Y., Qin, H., Zheng, H., & Hu, Y. (2024). Advancing Emotional Analysis with Large Language
Models. Journal of Computer Science and Software Applications, 4(3), 8-15.

[21] Z. Ren, "Enhancing Seq2Seq Models for Role-Oriented Dialogue Summary Generation Through Adaptive
Feature Weighting and Dynamic Statistical Conditioninge," 2024 6th International Conference on
Communications, Information System and Computer Engineering (CISCE), Guangzhou, China, 2024, pp.
497-501, doi: 10.1109/CISCE62493.2024.10653360.

[22] Li Jian, & Chen Shaohua. (2023). Linear beamforming and user scheduling based on scalar index feedback
in Mimo systems. Electronic Devices, 46(4), 943-950.

[23] Chen L. (2011). Research on adaptive and Collaborative beamforming technology in wireless communication
system. (Doctoral dissertation, Shandong University).

[24] Wu, X., Wu, Y., Li, X, Ye, Z., Gu, X., Wu, Z., & Yang, Y. (2024). Application of adaptive machine learning
systems in heterogeneous data environments. Global Academic Frontiers, 2(3), 37-50.

23



Xiang, S. (2024). Journal of Theory and Practice in Engineering and Technology, 1(3), 20-24.

[25] Lu, Y., Huang, Y., Sun, S., Zhang, T., Zhang, X., Fei, S., & Chen, V. (2024, March). M2fNet: Multi-Modal
Forest Monitoring Network on Large-Scale Virtual Dataset. In 2024 IEEE Conference on Virtual Reality and
3D User Interfaces Abstracts and Workshops (VRW) (pp. 539-543). IEEE.

[26] Lu, Y., Sun, Z., Shao, J., Guo, Q., Huang, Y., Fei, S., & Chen, V. (2024, March). LiDAR-Forest Dataset:
LiDAR Point Cloud Simulation Dataset for Forestry Application. In 2024 IEEE Conference on Virtual
Reality and 3D User Interfaces Abstracts and Workshops (VRW) (pp. 112-116). IEEE.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of Woody International Publish Limited and/or the editor(s). Woody International Publish
Limited and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods,
instructions or products referred to in the content.

24



