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Abstract

:

In the 5G massive machine type communication (mMTC) scenario, user equipment with poor signal quality requires numerous repetitions to compensate for the additional signal attenuation. However, an excessive number of repetitions consumes additional wireless resources, decreasing the transmission rate, and increasing the energy consumption. An insufficient number of repetitions prevents the successful deciphering of the data by the receivers, leading to a high bit error rate. The present study developed adaptive repetition approaches with the k-nearest neighbor (KNN) and support vector machine (SVM) to substantially increase network transmission efficacy for the enhanced machine type communication (eMTC) system in the 5G mMTC scenario. The simulation results showed that the proposed repetition with the learning approach effectively improved the probability of successful transmission, the resource utilization, the average number of repetitions, and the average energy consumption. It is therefore more suitable for the eMTC system in the mMTC scenario than the common lookup table.
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1. Introduction


Machine type communication (MTC) describes data exchange and communications between machines and is a crucial component in areas such as smart cities, traffic optimization, smart poles, e-medicine, and the industrial Internet of Things (IoT) [1,2]. Following the increase in MTC applications, the number of connected wireless devices has risen dramatically; the number of wireless MTC devices is expected to reach several billion [3]. However, this has created a critical challenge for the devices’ network-access capability. Massive MTC (mMTC) is the primary third-generation partnership project (3GPP) fifth-generation (5G) application scenario and technology implemented in IoT devices [4]. The respective technology involves connecting a massive number of components. For each square kilometer of area in a developed region, the machine–machine communications between 1 million devices are expected. Such communications are primarily for small quantities of data with relatively high latency tolerance. The components must be cost-efficient and equipped with long battery lives.



3GPP enhanced MTC (eMTC) and 3GPP narrowband IoT (NB-IoT) are 5G IoT technology standards that address the requirements of 3GPP 5G mMTC application scenarios. Studies have explored the physical characteristics and design goals of eMTC and NB-IoT [5,6,7]. In the long-term evolution (LTE), the 5G, advanced eMTC, and NB-IoT user equipment (UE) switches from idle mode to connected mode through random access (RA) [8,9]; this process is achieved through a four-way handshake, which involves a preamble transmission, an RA response, a connection request, and a connection resolution. When the UE transmits data in a highly synchronized manner, the signaling capacity of the evolved node B can be easily exceeded, causing severe system congestion [10]. Ali and Hamouda [11] proposed an algorithm involving beehive search and initial synchronization. The simulation results confirmed that the algorithm provides satisfactory network efficacy even for devices with an extremely low signal-to-noise ratio. In [12], a maximum-likelihood detector was applied for initial timed collection in IoT devices. The average detection latency of the detector was half as high as that of the related method, and the energy required for each timed collection decreased by 34%. An approach integrating agent-based modeling and simulation was employed for IoT system efficacy analysis in [13,14]. The agent-based cooperative smart object [15] approach uses OMNeT++ for simulation. Liu et al. [16,17] proposed two novel resource coordination methods that involve bridging dynamic sensing tasks with heterogeneous IoT sensors and controlling the operating cycles of devices to save energy. In [18], eMTC infrastructure coverage efficacy was analyzed and compared with that of LTE technology to reinforce the eMTC coverage at 15 dB.



The design of mMTC technology must fulfill the following four requirements:



a. Coverage: The coverage of mMTC must attain a maximum coupling loss (MCL) of 164 dB [19]. Even when the signal from the transmitter to the receiver is attenuated by as much as 164 dB, the receiver must successfully decipher the packet. In addition, because increasing coverage through repeat transmission reduces the data transmission rate substantially, 5G mMTC coverage must also be successfully implemented at a transmission rate as high as 160 bit/s. Therefore, selecting an appropriate coverage enhancement (CE) level and number of repetitions for the signal quality is critical.



b. UE battery life: Devices with long battery lives are required in 5G MTC applications such as smart electric and water meters. These devices may be installed in environments that impede battery replacement or in which the cost of a battery replacement is excessive. Therefore, mMTC devices must have battery lives of no less than 10 years [20], similar to those of eMTC or NB-IoT devices.



c. Connection density: As the demand for IoT applications increases, the density of 5G IoT devices is expected to reach approximately 1 million devices per km2 in developed areas. Therefore, 5G mMTC must support a connection density value as high as 106 devices per km2 while maintaining a specific quality of service.



d. Latency: Although most MTC devices have considerable data transmission latency tolerance, the 5G mMTC specifications include a latency tolerance requirement to ensure satisfactory quality of service. Specifically, for each 20-byte application layer packet transmitted by a device, the latency should not exceed 10 s in a channel with an MCL of 164 dB.



Both NB-IoT and eMTC are low-power wide-area network technologies in authorized spectra. NB-IoT is versatile in spectra and can support three modes of deployment. However, eMTC is faster and exhibits a broader range of applications; in a half-duplex system, the uplink and downlink speed of eMTC is 375 kbps, making eMTC applicable for IoT applications for which a medium data rate is required. Regarding peak speed, NB-IoT exhibits almost no mobility because it does not support handover between base stations, whereas eMTC exhibits more favorable mobility.



Several papers have proposed the study and overview of machine learning technologies, applications, and challenges for IoT and 5G networks [21,22]. Ref. [23] proposes the method with a game and transport theoretic approach for a fog load balancing problem. The work provides a feasible and efficient load balancing solution to ensure an optimal job assignment in the fog computing network with the NB-IoT. One study [24] used machine learning techniques that can be applied for the automation of network functions in 5G network slicing. The intelligent station recognition scheme with support vector machines (SVMs) has been proposed to achieve the fine management of stations [25]. A scheduler framework using reinforcement learning has been proposed [26]; the appropriate scheduling strategy is able to maximize user satisfaction, measured in terms of the distinct quality of the service requirements. Ref. [27] proposes the learning approach to implicitly extract channel features and recover tag symbols using the deep transfer learning (DTL) approach. In [28], a spectrum management architecture was studied and a machine learning–based spectrum decision framework for the IoT network was proposed.



The eMTC requirements support two CE levels (CE Mode A and CE Mode B) [29] and several numbers of repetition, and each piece of UE can select the appropriate CE levels and number of repetitions according to the signal quality. UE with inferior signal quality requires numerous repetitions to compensate for additional signal attenuation, as depicted in Figure 1, which shows the CE level and repetitions for eMTC.



In the eMTC system and mMTC application scenario, due to the main consideration of coverage and power consumption, UE pieces with poor signal quality will use more repetitions to compensate for additional signal attenuation. For the selection of the UE’s CE level and repetition times, if they are too high they will waste valuable wireless resources, reduce the transmission rate, and consume more power; if they are too low, the data may not be successfully resolved at the receiving end, resulting in a higher BER (bit error rate). Therefore, we propose the learning adaptive repetition approaches based on k-nearest neighbor (KNN) and the support vector machine (SVM) for an eMTC system in an mMTC application scenario. KNN is easy to implement, has high accuracy, and is insensitive to outliers. When KNN selects appropriate training parameters, the KNN approach can achieve high discrimination accuracy. SVM can avoid the neural network structure selection and local minima problem. SVM does not have a general solution to nonlinear problems; therefore, we significantly choose the kernel function to handle it. For the selection of the CE level and repetition times, we adopted KNN and SVM to propose a learning-based repetition approach, which effectively saves energy efficiency and improves overall network transmission performance. In the present study, a repetition with the learning approach (RLA) was proposed and developed with the aim of substantially increasing the network transmission efficacy. The main contributions of this paper are summarized as follows: (1) we study the problem of repetition number selection for the eMTC system in the mMTC scenario, where the main goal is to minimize the average energy consumption and block error rate (BLER) and maximize the successful transmission probabilities of UE pieces and resource utilization. (2) Due to the limited UE energy efficiency and slave resources of eMTC, we provided the easy-to-implement and learning-based policy for repetition number selection to ensure that eMTC saves energy efficiency and improves transmission efficiency. (3) We adopted the KNN approach and selected the appropriate training parameters meaningfully so that the KNN approach could be easily implemented and could have high accuracy. (4) We adopted the SVM approach to avoid the neural network structure selection and local minima problem and chose the kernel function significantly. (5) Finally, we conducted an extensive numerical analysis to evaluate the performance of the proposed repetition number selection approaches, and the simulation results show that our proposed approaches (RLA–KNN and RLA–SVM) are more efficient than the common lookup table (LUT) method. The proposed repetition with the learning approach can effectively improve the probability of successful transmission, resource utilization, average number of repetitions, and average energy consumption. The remainder of this paper is organized as follows. Section 2 describes the eMTC system. The proposed approaches are presented in Section 3. In Section 4, we evaluate the performance of our proposed approaches through simulation. Finally, Section 5 provides the conclusions.




2. eMTC System


eMTC technology involves enhancing and customizing mMTC according to the application requirements, such as repetition, scheduling, discontinuous reception, control channels, and system information block (SIB). The eMTC UE monitors the same master information blocks (MIBs), the scheduling period of which is 40 ms. With eMTC, however, within 40 ms, the MIB information is transmitted at the 0th, 18th, and 19th time slots in each radio frame. As such, the coverage of a physical broadcast channel is enhanced through repetition.



In the 3GPP protocol, eMTC independently defines the SIB information; that is, SIB–BR is composed of SIB1–BR and other numbers of SIB information. SIB–BR features a time–frequency position different from that of LTE. SIB1–BR is transmitted on a physical downlink shared channel (PDSCH) at a fixed period of eight radio frames (80 ms). Within each period, SIB1–BR is repeatedly transmitted 4, 8, or 16 times according to the designation by an MIB.



SIB1–BR is transmitted without a controlled schedule through frequency hopping between NBs. The pattern of the frequency hopping is related to the system bandwidths and physical-layer cell identities. The other SIB–BR information is transmitted in the PDSCH; the system information is transmitted without controlled schedules. The schedule information of the system information, such as the time–frequency locations, modulation coding scheme levels, and number of repetitions, is determined in SIB1–BR.



When changes occur in the broadcast information, except for SIB10–BR, SIB11–BR, SIB12–BR, and SIB14–BR, an update is announced through paging or DCI6-2 during the period of change, and new broadcast information is transmitted in the subsequent period of change. The same procedure applies when changes occur in SIB10–BR, SIB11–BR, SIB12–BR, and SIB14–BR.



Unlike NB-IoT, eMTC supports the switching of connection statuses and uninterrupted service transmission when the UE moves across regions. Therefore, eMTC is applicable for services such as voice calls and logistics tracking. The energy-saving function of eMTC is achieved through extension discontinuous reception, power saving mode, and the reduction in the periodic position update frequency. The 3GPP system extends the time of the periodic position update procedure to reduce the periodic position update frequency of the UE, thereby mitigating the signal load in the networks and the power expense in the UE. With the power saving mode of the 3GPP R12 system, the UE timer enters a deep sleep mode after the UE’s tracking area is updated and its attach procedure is completed. In the deep sleep mode, the UE does not monitor paging, and the radio transceiver unit is switched off to save significantly more power than that saved in the idle mode. The UE remains registered in the network in the deep sleep mode without the requirement of rerunning the attach procedure or reestablishing the packet data network connection.



The physical layer of eMTC is redesigned through 3GPP, and the eMTC signal coverage is enhanced through the repetition mechanism in the physical channel. In downlink, eMTC employs neither a physical control format indicator channel nor a physical hybrid automatic repeat request indicator channel. The number of signals transmitted in the 40 ms period is increased in the physical broadcast channel. Rather than the conventional LTE physical downlink control channel, an MTC physical downlink control channel is employed for a maximal repetition number of 256. A maximum of six RBs can be applied by a UE unit in a PDSCH. The modulation coding scheme level and the maximal number of repetitions are restricted; specifically, the maximal number of repetitions is set as 2048. Similarly, a maximum of six RBs can be applied by a UE unit in a physical uplink shared channel (PUSCH). The modulation coding scheme level and the maximal number of repetitions are restricted. In particular, the maximal number of repetitions is set as 2048. In a physical random access channel, a maximum of six RBs can be applied by a UE unit, and a maximum of 128 repetitions can be performed. In a physical uplink control channel (PUCCH), a maximum of 32 repetitions can be performed. The coverage modes of the UE connected to a network can be categorized into two types, namely CE mode A, which indicates satisfactory coverage with no or few repetitions, and CE mode B, which involves more repetitions. In CE mode A, the maximal number of repetitions is 32 in a PDSCH or a PUSCH and 8 in a PUCCH; in CE mode B, the maximal number of repetitions is 2048 in a PDSCH or a PUSCH and 32 in a PUCCH.




3. Repetition with Learning Approaches


Most repetition approaches involve determining the number of repetitions according to the one-dimensional channel quality measured in a data table generated through a simulation. This method is strongly reliant on specific channel models, and errors in the channel quality measurement can lead to the selection of an incorrect number of repetitions. Moreover, a large-dimension data table requires considerable memory space. With the future trend of repetition technology development, one-dimensional channel quality indicators can no longer comprehensively represent the conditions of the channels in complex systems. This is because the link efficacy is related to numerous system parameters, and this can lead to erroneous channel quality assessment and inhibited system efficiency. The accuracy of channel quality indicators can be improved through an increase in the dimension of the channel quality. Machine learning provides a system with high-dimensional channel quality indicators that take into account changes in the environment. The relationship between channel quality and link reliability can be identified through examining the historical records in data transmission, thereby attaining an accurate prediction of the number of repetitions required according to the channel quality measurement results. Conventional repetition approaches are based on inquired data tables and cannot be updated according to system environments; this reduces their flexibility. Machine learning enables a system to learn and adapt to changes in an environment and flexibly adjust its channel quality selection standards, thereby accurately predicting the number of repetitions required. Accordingly, research on the implementation of machine learning to predict the number of uplink repetitions in eMTC is paramount for system efficacy enhancement.



K-nearest neighbor (KNN) is a supervised learning approach in which a particular sample is considered to belong to a specific class if most of the k-nearest neighbors to it in its eigenspace also belong to said class [30,31,32]. In particular, a non-classified sample is categorized to the class in which its nearest classified neighbors belong. When new samples enter a group of classified samples, their distances from the training data are calculated, and the k-nearest samples are determined. Subsequently, the class with the greatest number of neighbors among the k-selected data is determined, and the new sample is classified accordingly.



In the training phase, according to the feature set acquired from the signal-to-interference-plus-noise ratio (SINR) of each subcarrier, number i, which corresponds to repetition number, is selected to optimize the data rate and categorize the training set. All of the elements in each feature set must satisfy the optimized class, which maximizes the number of data transmitted, subject to the limitations of the block error rate.


  arg     max  i  { R  N i  : B L E  R i  < H }  



(1)







RLA-KNN approach training requires a training set with SINR feature vectors. Each vector is assigned to a number i according to equation (1). In RLA-KNN, when the training sample set and the K value and distance are determined, the class of any new sample can be determined.   U =  {   u 1  ,    u 2  , … ,  u n   }   , representing the eigenvector training set, and   S =  {   s 1  ,    s 2  , … ,  s n   }   , representing the class to which each eigenvector corresponds. RLA-KNN approach training is performed to identify all the vectors in a feature set and the approximated repetition approach corresponding to them.



Let the training sample set TSS in KNN be


  TSS = { (  s 1  ,    u 1  ) ,   (  s 2  ,    u 2  ) , … , (  s n  ,    u n  ) }  



(2)







The sample to be classified, x, is imported. The distance between x and all other samples in the training set can be calculated as follows:   L  (  x ,    s j   )  ,   j = 1 ,   2 ,   … , n .   According to the distance data, K samples in training set that are closest to x are determined and referred to as   N e a  r k   ( x )   .



Figure 2 illustrates the RLA using KNN (RLA–KNN), where k is the number of comparisons, and   L  (  x ,    s j   )    is a measured distance.



In the KNN approach, distance measurement is the most effective approach to determining the similarity between two samples. Commonly used distance measures include the Euclidean distance, Manhattan distance, Chebyshev distance, and Minkowski distance.



Let the eigenspace X be an n-dimension real vector space (   R n  )  :    x i  ,  x j  ∈ X  ;    x i  =    (   x i 1  ,  x i 2  , … ,  x i n   )   T   ; and    x j  =    (   x j 1  ,  x j 2  , … ,  x j n   )   T   . The distance between    x i    and    x j    is defined as [33]:


   L p   (   x i  ,    x j   )  =    (    ∑   l = 1  n     |   x i   ( l )    −  x j   ( l )     |   p   )    1 / p    



(3)







When    p   ≥ 1  , the Minkowski distance is derived. When   p = 1  , the Manhattan distance is derived. When   p = 2  , the Euclidean distance is obtained. When   p = ∞  , the Chebyshev distance is derived. In the RLA-KNN, we set the  p  to 2, using distance measures by Euclidean distance.



The time complexity of the prediction for the RLA–KNN approach is O(N), and the time complexity of sorting for the RLA–KNN approach is O(N log N). KNN approaches are generally inapplicable for large-scale communication systems because of the complex calculation procedure involved. Therefore, SVMs are implemented to identify the repetition approach according to high-dimensional channel quality measurement results. SVM is a commonly employed machine learning method, which is generally modeled as a convex quadratic programming problem [34,35]. Therefore, an SVM is simpler to execute than the KNN approach.



Figure 3 depicts the RLA using an SVM (RLA–SVM) approach, in which a repetition approach is selected according to the BLER in the data.



For a set of data X and label Y, the task of SVM is to find a set of parameters such that     x θ  T  = t h r e s h o l d  , and the samples with     x θ  T  < t h r e s h o l d   are judged as negative samples, and the samples with     x θ  T  > t h r e s h o l d   are judged as positive samples. The sample X is a two-dimensional data set of channel quality:


  X =  [           x 1   ( 1 )           x 1   ( 2 )                 x 2   ( 1 )           x 2   ( 2 )                 ⋮       x 1   ( m )               ⋮       x 2   ( m )             ]   



(4)







This dataset X is linearly inseparable on the two-dimensional plane, and the new dataset generated by a transformation function ϕ(x) is linearly separable:


  ϕ  (   x 1  ,  x 2     )  =  (   x 1 2  ,  2   x 1  ,  x 2  ,  x 2 2   )   



(5)







For the new dataset after the dimension increase, the prediction y for repetition number can be expressed as:


    y  p r e d i t i o n   =   ∑   i = 1  m   λ i   y   ( i )    〈 ϕ  (  x ^  )  ,   ϕ  (   x   ( i )     )  〉    =   ∑   i = 1  m   λ i   y   ( i )    〈  (   (    x ^  1 2  ,    2   1  ,   x ^  2  ,   x ^  2 2       )   )  ,    (    x 1   ( i )    2  ,  2   x 1   ( i )    ,  x 2   ( i )    ,   x 2   ( i )    2   ) 〉       =   ∑   i = 1  m   λ i   y   ( i )     (    x ^  1 2  ,   x 1   ( i )    2  + 2   x ^  1   x 1   ( i )      x ^  2   x 2   ( i )    +   x ^  2 2  ,   x 2   ( i )    2   )       =   ∑   i = 1  m   λ i   y   ( i )     〈 (    x ^  1  ,   x ^  2   )  ,      (   x 1   ( 1 )    ,  x 2   ( 2 )     ) 〉   2       =   ∑   i = 1  m   λ i   y   ( i )    <   x ^  1  ,  x 1   ( i )     > 2      



(6)







Through the above transformation, after the data set is upscaling, the calculation of SVM training and prediction can actually be converted into the calculation of the original feature. We choose a function:   k  (   x 1  ,  x 2   )  = 〈  x 1  ,  x 2   〉 2   , use it to replace the inner product calculation of SVM:


   y ^  =  {      + 1 ,      ∑   i = 1  m    λ i   y i  k  (   x ^  ,  x i   )  ≥ + 1         − 1 ,    ∑   i = 1  m    λ i   y i  k  (    x ^  1  ,  x i   )    ≤ + 1          



(7)







The training and prediction process of this SVM model is equivalent to doing it in a high-dimensional space, which achieves the purpose of linearly dividing the data set, and does not add complex operations, among which is the kernel function.



The loss function of SVM is:


   L o s s =  1 2  ‖  θ 2  ‖ +   ∑  i  m a x  (  0 , 1 − y  y ^   )     =  1 2  ‖  θ 2  ‖ +   ∑  i  m a x  (  0 , 1 − y  (  x θ +  θ 0   )   )    



(8)







The predicted result corresponds to a repetition number. Select the parameters corresponding to the predicted classification (repetition number) to set for transmission.




4. Performance Evaluation


The RLA was applied to evaluate efficacy. The performances for RLA–KNN and RLA–SVM were analyzed subject to various parameters for a single piece of UE, evaluated in a simulated environment and compared with those of the common lookup tables (LUTs) from the eMTC system optimization. This analysis included the successful transmission probabilities of the UE, the average numbers of the repetitions, the resource utilization, and the average energy consumption.



The traffic model defined in 3GPP TR 36.763 [36] was used as the traffic model in the simulation, where the number of eMTC devices was set to 20,000–200,000 per sector; the average number of uplink traffic reports was set to 20/s; and the payload size of each device ranged from 20 to 200 bytes. In the simulation, each point represented the average of 10,000 samples, each of which was acquired between the first uplink transmission and the end of the last uplink transmission (i.e., the observation interval). The relevant simulation environment parameters are illustrated in Table 1. The indicators used to evaluate the performance of the proposed approach were as follows: (1) BLER versus signal to interference plus noise ratio (SINR) for various k values in RLA–KNN using a single piece of UE; (2) throughput versus SINR for the various k values in RLA–KNN using a single piece of UE; (3) BLER versus SINR with the RLA–SVM–radial basis function (RBF), RLA–SVM–linear, and RLA–KNN for a single piece of UE; (4) throughput versus SINR with RLA–SVM–RBF, RLA–SVM–linear, and RLA–KNN for a single piece of UE; (5) the successful transmission probabilities of the UE pieces; (6) the average number of repetitions; (7) the resource utilization; and (8) the average energy consumption.



The RLA–KNN repetition approach consists of a training phase and a test phase. The training phase requires a training set, each of which corresponds to a unique SINR sequence and is assigned to a repetition number. During the training phase, all the vectors in the training set must undergo all repetitions for accurate classification of the set to the repetition number. The vectors are then classified according to the BLER value of each repetition.



As shown in Figure 4 and Figure 5, a higher k leads to higher system efficacy. However, after k exceeds a certain value, the system efficacy begins to drop. Ordinarily, a higher k limits the effect of erroneous classification on the training results more effectively, yielding a smaller classification error during the test phase and higher system efficacy. However, because of a limit in the size of the training set, the error rate starts to increase after k exceeds a certain value, lowering system efficacy. As shown in the simulation results, the system efficacy was maximized when k was 30; so, this value was employed in the follow-up simulation.



Accordingly, when the number of data in the system is high, the KNN approach requires a complicated calculation procedure and cannot be unsuitably applied in actual network communications without dimensionality reduction. Therefore, the SVM approach is relatively flexible because it can employ numerous kernel functions, reducing the complexity of the calculation procedure considerably. In an RLA–SVM repetition approach, to classify a new sample (the SINR set of a subcarrier), the interference function    h m   ( x )    of each repetition and the BLER of approximately    r m  (  h m   ( x )    corresponding to each of the said functions must be identified. We compared the efficacy of the RLA–SVM approach with that of the RLA–KNN approach.



As depicted in Figure 6 and Figure 7, for RLA–SVM the linear kernel function is nearly as efficient as the Gaussian RBF kernel. In particular, the RBF kernel function is slightly more efficient than the linear kernel function, but the RBF kernel function involves a more complicated calculation procedure and requires a larger space for data storage. Moreover, the RLA–SVM repetition approach involves considerably lower calculation and time complexity than does the RLA–KNN repetition approach, even though the two are almost equally efficient in data transmission. Therefore, the RLA–SVM repetition approach is more applicable for an actual eMTC system than the RLA–KNN repetition approach.



After analysis of the performance of RLA–KNN and RLA–SVM subject to various parameters for a single piece of UE, to optimize the eMTC system we compare the performances of RLA–KNN, RLA–SVM, and LUT. This analysis includes the probability of successful transmission, the average number of repetitions, resource utilization, and average energy consumption.



The successful transmission probabilities for RLA–KNN, RLA–SVM, and the LUT are shown in Figure 8. The probability of successful transmission gradually decreases as the intensity of the number of pieces of UE per sector increases (i.e., as more users attempt access). Failure probability is observed for high intensity with the use of the LUT method. Apart from collision, the increased failure rate is due to the interference and radio channel effects, caused by the presence of many pieces of UE with wide coverage close to the eNB, which affects such UE pieces farther away in the same coverage zone. The probabilities of successful transmission for RLA–KNN and RLA–SVM are higher than for the LUT method because the repetition number selection policy is considered to be an interference factor from the training data.



Figure 9 presents the average numbers of repetitions in the RLA–KNN, RLA–SVM, and LUT methods. With the RLA–KNN and RLA–SVM approaches, a significant reduction in repetition is observed. The repetition for the LUT method is noted to be greater than for the RLA–KNN and RLA–SVM methods. In many cases, the LUT method uses excessive numbers of repetitions to achieve successful transmission. In RLA–KNN and RLA–SVM, the number of repetitions required to achieve successful transmission is significantly reduced by the training data and learning processes.



The resource utilization for RLA–KNN, RLA–SVM, and the LUT is presented in Figure 10. The resource utilization for the three methods is seen to decrease as the number of UE pieces per sector increases. RLA–KNN and RLA–SVM also exhibit higher resource utilization than the LUT because more resources are utilized in the same time period if a shorter repetition is adopted. The result indicates that a smaller number of repetitions is associated with greater resource utilization.



Figure 11 presents the average energy consumption per sector in the transmission mode by all users. This decreases the number of repetitions and, thus, power consumption. With the suitable reduction in repetition using the RLA–KNN and RLA–SVM methods, energy consumption is also significantly reduced. A significant reduction in energy consumption is achieved for the uplink compared with for the LUT method. More frequent transmission increases power consumption quickly, which is impractical for IoT devices. More efforts are required to reduce the power consumption of the radio-frequency modules, such as the number of repetitions, under the satisfaction of successful transmission.




5. Conclusions


An insufficient number of repetitions prevents the successful deciphering of the data by the receivers, leading to a high bit error rate. Excessively high repetitions of UE pieces lead to the wastage of valuable wireless resources in 3GPP mMTC. Therefore, in the present study, adaptive repetition approaches with machine learning were developed to substantially increase the network transmission efficacy for eMTC systems in mMTC. The simulation results show that the proposed RLA could effectively improve the transmission probabilities, the resource utilization, the average number of repetitions, and the average energy consumption. The proposed RLA is more suitable than the common LUT for the eMTC system in mMTC. In future work, we will adopt online deep learning approach for 6G or open radio access network (O-RAN) AI architecture and specific use cases. We will enable the approach to learn effectively in special communication scenarios with difficult-to-obtain training samples and have more appropriate depth and accuracy of learning.
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Figure 1. CE level and repetitions for eMTC. 
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Figure 2. RLA–KNN approach. 
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Figure 3. RLA–SVM approach. 
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Figure 4. BLER versus SINR for various k values in RLA–KNN. 
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Figure 5. Throughput versus SINR for the various k values in RLA–KNN. 
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Figure 6. BLER versus SINR for RLA–SVM–RBF, RLA–SVM–linear, and RLA–KNN. 
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Figure 7. Throughput versus SINR for RLA–SVM–RBF, RLA–SVM–linear, and RLA–KNN. 
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Figure 8. Probability of successful transmission according to UE numbers. 
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Figure 9. Average number of repetitions. 
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Figure 10. Resource utilization. 
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Figure 11. Average energy consumption. 
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Table 1. Simulation Parameters.
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	Parameter
	Assumption





	Sector per cell
	3



	Fractional frequency reuse
	Hard



	Allocation size
	12 tones @ 15 KHz



	Resource Unit (RU)
	1 ms



	eMTC Bandwidth
	6 PRBs (1.08 MHz)



	Channel Model
	Typical Urban (TU)



	Payload size
	20~200



	Number of eMTC UE pieces per sector
	20,000~200,000



	DL Antenna Configuration
	gNB: 2Tx/4Tx, UE: 1Rx



	Uplink Antenna Configuration
	gNB: 2Rx/4Rx, UE: 1Tx



	Doppler Spread
	1 Hz



	gNB Tx power
	43 dBm



	UE Tx power
	20 dBm
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