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Abstract: Orthogonal Frequency Division Multiplexing (OFDM) is a wireless communication technology that is used for highly reliable and high data rate communication. In a multi-user OFDM system, the interference has occurred in the receiver side between the consecutive OFDM symbols. This interference reduces the performance of the OFDM system. To achieve good quality in received symbols the interference level should be minimized. The conventional cancellation system requires higher interference reduction time and power. These limitations of the conventional interference cancellation architectures for OFDM systems are overcome by proposing efficient and low power interference cancellation architecture. Hence, this paper proposes a novel and efficient architecture based on logic gates for interference cancellation in multi-user OFDM systems. The proposed design consist of multiplexers, inverters and OR gate. The heuristic parameters for the proposed cancellation architecture are computed by performing an XOR operation. Compared to existing architecture, the proposed interference cancellation architecture consumes 7 mW of power consumption in the Virtex processor, 33.59 mW of power consumption in Spartan 3E processor and 0.029 mW of power consumption in the CPLD processor. This proposed interference cancellation architecture consumes fewer hardware resources and consumes low power. The proposed system is designed using Verilog High Definition Language (HDL) and synthesized in Xilinx Project Navigator 12.1i. Further, this paper also proposes gate diffusion input (GDI) based implementation of proposed interference cancellation architecture to analyse a delay and power consumption compared to other logic style implementation.
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1  Introduction

The design of low power VLSI systems is an emerging trend in all fields like sensor networks, image processing and communication systems [1]. Modern communication methodologies require high-speed data transmission and a low error rate on the received signals. Orthogonal Frequency Division Multiplexing (OFDM) is a recent wireless communication technique that is an advanced version of the Code Division Multiple Access (CDMA) technique. In OFDM, the input signals are split into a number of sub-signals and each sub-signal is individually transmitted over the time-varying communication wireless channel. At present, the OFDM system exhibits the bandwidth overlap problem [2] which leads to the formation of interference in OFDM symbols. This paper provides the solution methodology for this present problem of the OFDM system.

The multi carrier modulation technique is used for the transmission and reception of signals in the OFDM system, in which the space between carrier symbols is unique and linear. The orthogonality property is applied between two adjacent signals. The existing OFDM systems have their dot product is zero. For verifying the orthogonality property in OFDM symbols, the two adjacent symbols in the OFDM system are convolved with each other. These two signals are said to be orthogonal to each other if the convolution response is zero. The non-zero response value will be produced if their convolved products are not orthogonal with each other. In the case of orthogonality checking, proper carrier spacing will be applied between adjacent symbols in OFDM system. During overlapping of carrier spacing between adjacent symbols in OFDM system, interference will have occurred between received symbols in OFDM system. The interference due to overlapping of carrier signals in OFDM system is called Inter-Carrier Interference (ICI). This ICI will degrade the quality of the OFDM system in both cases of symbol transmission and reception.

Fig. 1 shows the overview of the interference cancellation system in OFDM. It consists of an Interference estimator and Interference cancellation architecture. The interference estimator estimates the interference ratio between adjacent symbols in a receiver of the OFDM system. These interference reduced symbols are given to the multi-user OFDM system. This paper is organized as Section 2 discusses the various conventional architectures for interference cancellation architectures for OFDM systems in wireless less communication and Section 3 proposes a novel and efficient low power interference cancellation architecture is proposed. Section 4 discusses the experimental results and finally, Section 5 concludes this paper.
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Figure 1: Overview of interference cancellation system in OFDM

2  Literature Survey

Quan et al. [3] have proposed an Interference cancellation circuit for FFT based OFDM system and Discrete Cosine Transform based OFDM system. It estimated the level of interference in both types of OFDM systems. The authors achieved 48 dB for FFT based OFDM system and 52.5 dB for DCT based OFDM system. The authors also mapped one data symbol on three subcarriers which improve carrier to interference ratio (CIR) and BER, while the bandwidth efficiency was reduced by one third. The authors used the interference cancellation technique and dirty coding algorithms on the received subcarriers. Chanderkanta et al. [4] analyzed co-channel interference in received OFDM symbols. The authors estimated and analyzed the co-channel interference in terms of bit error rate and peak power ratio parameters. The authors analyzed the iterative cancellation methods on the OFDM system and compared the complexity of the proposed architectures with conventional architectures.

Pareyani et al. [5] developed low power architecture for the cancellation of intersymbol interference in received OFDM symbols. The four numbers of subcarrier frequency signals were used to modulate the single data OFDM symbol in the transmission section of the OFDM system. This affected the linear interference cancellation in the reception side of the OFDM system. The authors used an Additive White Gaussian Noise channel environment for the simulation of their proposed OFDM system. The authors achieved a low bit error rate even the system was designed in a highly noisy environment. Fan et al. [6] used the least square algorithm for the transmission channel of the OFDM system. This algorithm was used by the authors to detect and cancel the interference between the OFDM symbols. Lee et al. [7] devised a polynomial fitting technique to estimate the condition of the channel in order to reduce the effect of interference between received OFDM symbols in the OFDM system. Zhao et al. [8] introduced an ICI self-cancellation technique. In this technique, one data symbol was mapped on two subcarriers at the transmitter side and at the receiver side these groups of subcarriers are combined so the effects of ICI on these subcarriers cancelled each other. This scheme was easy to implement but the bandwidth efficiency was reduced. . Gowshameed et al. [9] developed the interference detection technique for the reduction of interference in the received OFDM symbols.

Zhou et al. [10] and Devarajan et al. [11] have proposed a balanced detection based noise cancellation technique in FDMA.it can also be used in the optical line. The proposed architecture achieves low power with a minimum bit error rate.it also reduces the signal-to-signal beat interference effectively. Adegbite et al. [12] and Myllyla et al. [13] have proposed a time-domain detection method for block-level detection. The proposed method only uses the correlation of data to detect an error in transmitted and received information. There is no additional hardware needed for detection. compared to Maximum Likelihood method, the proposed method shows better detection efficiency.

Hori et al. [14] and Boher et al. [15] have proposed a power-efficient detector design technique for millimeter-wave multi-input-multi-output (MIMO) transceivers. A novel method is proposed to allow multi-antenna frequency-division-duplex (FDD) and full-duplex (FD) operation. Compared to other designs, the proposed design attains low power operation for all bit sizes. Mohammed et al. [16] have proposed a noise compensation method for low power IoT applications. Dual-mode receiver designed for sending larger data size. The proposed architecture is implemented in an FPGA device to evaluate area and power. Results show that the proposed method achieves low power consumption compared to other design techniques.

The following points are observed from the conventional interference cancellation architectures for the OFDM system.

•    The conventional architectures consumed high power consumption due to their complex design.

•    Higher interference reduction time.

These limitations of the conventional interference cancellation architectures for OFDM systems are overcome by proposing efficient and low power interference cancellation architecture.

3  Proposed Methodology

The popularity of the OFDM modulation system in communication motivates the researchers to design a low power consuming OFDM. The hardware parts of memory, encoder and decoders are optimized to reduce get overall power reductions. This work concentrates on the low power noise cancellation technique for the OFDM system. In a multi-user OFDM system, there is interference between transmitted OFDM symbols which degrades the signal quality at the receiver end. In this paper, an efficient low power Interference estimator and cancellation architecture is proposed in the receiver end of the OFDM system in order to increase the quality level of the received symbols. Fig. 2 shows the Interference estimator architecture which estimates the presence of interference in the received OFDM symbols. The following circuit generates four-bit sequenced output patterns as dataout1 and dataout2 for the four-bit sequenced input patterns as data1 and data2. The bit error rate is a parameter to compute the variations of the output pattern with respect to the input pattern. It is defined as the ratio between the numbers of variance bits for dataout1 to the total number of bits in the input pattern. If the bit error rate of dataout1 and dataout2 shows more than 50% variance with respect to input patterns, it shows the presence of the interference in the received OFDM symbols.
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Figure 2: Interference estimator

Tab. 1 shows the logic table of the functional unit used in Interference estimator circuit. If the control signals s1 = 0 & s2 = 0, then data1 is assigned to dataout2. If the control signals s1 = 0 & s2 = 1, then data2 is assigned to dataout2. If the control signals s1 = 1 & s2 = 0, then data1-data2 is assigned to dataout2. If the control signals s1 = 1 & s2 = 1, then data1+data2 is assigned to dataout2.
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If the level of interference is more than the threshold value, then there is a need for interference cancellation architecture. In this paper, a novel and efficient Interference cancellation architecture for OFDM system in low power applications. For the case of multi user OFDM system, the interference level is high between adjacent symbols. This interference level should be minimized in order to improve the quality of the received symbols. Fig. 3 shows the low power interference cancellation architecture which can be designed using gates logic and multiplexers. The proposed interference cancellation architecture is incorporated in a receiver of the multi-user OFDM system. It receives datain1 and datain2 as four bits input patterns. The data retention is achieved in the receiver side of multi-user OFDM system due to the implementation of interference cancellation architecture with XOR gates. Based on the number of bit patterns in datain1 and datain2, the heuristic parameters are computed. The heuristic parameters for the proposed interference cancellation architecture are given as,


Δ1=round{datain1 [1]∗datain2 [1]1+[∑i⁡datain1 [i]+∑j⁡datain2 [j]]}
(1)


Δ2=round{datain1 [2]∗datain2 [2]1+[∑i⁡datain1 [i]−∑j⁡datain2 [j]]}
(2)


Δ3=round{datain1 [3]∗datain2 [3]∑i⁡datain1 [i]∗∑j⁡datain2 [j]}
(3)


Δ4=round{datain1 [4]∗datain2 [4]{∑i⁡datain1 [i]∑j⁡datain2 [j]}}
(4)
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Figure 3: Interference cancellation architecture

The select lines c0 and c1 for the multiplexers are chosen based on the number of one's in the received sequences. The select lines c0 = 1 and c1 = 1 are set if the numbers of ones in datain1 are greater than the numbers of ones in datain2, otherwise, the values of these select lines are set to c0 = 0 and c1 = 0. The concatenation and sorter block performs two kinds of operations as grouping the output patterns and sorting the output bit patterns in a linear order. This concatenation and sorter block produces two 4-bits output patterns as shown in Fig. 3.

The level converter for the proposed interference cancellation architecture is shown in Fig. 4. This proposed converter circuit is based on the multiplexers, inverters and OR gate. It has two inputs and single output as shown in Fig. 4.
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Figure 4: Level converter

GDI Implementation of Proposed Cancellation Architecture

In VLSI design methodology, various logic styles are available to design logic circuits like Complementary Pass Transistor Logic (CPL), transmission gate based logic, pass transistor logic and Dual Pass Transistor Logic (DPL) etc. Recently, compared to other styles GDI based logic design attracted by designers by its simple structure and low power implementation. The structure of the GDI cell is shown in Fig. 5. It has three terminals. Both N-MOS and P-MOS gates are connected to form a common gate. The remaining two terminals are denoted as P and N.
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Figure 5: GDI basic cell

Above Tab. 2. Explain the functionality of the GDI cell. We can implement all other logic functions using GDI cells with minimum transistor requirements. In this paper, the cancellation architecture components of XOR gates, Mux's and sorter units are designed using GDI logic. Fig. 6 shows the GDI design of the XOR gate. Besides, the layout of the proposed GDI architecture is shown in Fig. 7.
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Figure 6: GDI-XOR gate
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Figure 7: Layout of proposed GDI architecture

4  Experimental Results

In this paper, Modelsim 6.1i simulating tool and Xilinx project navigator 12i synthesis tool are used to conduct the experiment for OFDM system interference reduction. The proposed system is coded in Verilog language. Fig. 8a shows the signal flow graph of the proposed interference cancellation architecture using Modelsim software and Fig. 8b shows the waveform results of the proposed system.
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Figure 8: Simulation results of the proposed system (a) Signal flow graph (b) Waveform

Fig. 9a shows the schematic diagram of the proposed interference cancellation architecture using Xilinx project navigator tool. Figs. 9b and 9c illustrate the RTL and technology schematic view of the proposed interference cancellation architecture. The internal perspective of the proposed design or architecture can be view in the RTL diagram, whereas the layered perspective of the proposed design can be view in the technology diagram.
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Figure 9: (a) Schematic diagram (b) RTL schematic view (c) Technology schematic view

The proposed architecture is tested on different Virtex processors with different specifications. Virtex family with XCV200 processor consumes 7 mW of power consumption, which is low power consumption than the other devices in Virtex family. This is illustrated in Tab. 3.
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The proposed architecture is tested on different Spartan−3E processors with different specifications. Spartan−3E family with Xc3s100E processor consumes 33.59 mW of power consumption, which is low power consumption than the other devices in Spartan 3E family. This is illustrated in Tab. 4.
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The proposed architecture is tested on different CPLD processors with different specifications. CPLD family with XC2C32 processor consumes 0.029 mW of power consumption, CPLD family with XC2C64 processor consumes 0.031 mW of power consumption and CPLD family with XC2C128 processor consumes 0.034 mW of power consumption. This is illustrated in Tab. 5.
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The power consumption of the proposed interference cancellation architecture is compared with the conventional techniques in Tab. 6. The conventional techniques as Shilpi Gupta et al. consumed 82.18 mW of power consumption, Pareyani et al. consumed 75.63 mW of power consumption and Tongliang Fan et al. consumed 71.41 mW of power consumption.
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The performance of GDI implementation of the proposed cancellation architecture is tabulated in Tab. 7. From the results observed that proposed architecture achieves higher area and delay reduction compared to other logic styles like CMOS, Complementary Pass Transistor Logic (CPL) and Dual Pass Transistor Logic (DPL) etc. The overall power consumption also reduces considerably.
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5  Conclusion

In this paper, low power architecture for interference cancellation for multi-user OFDM systems is proposed. The proposed system is simulated using Modelsim software and synthesized using Xilinx Project Navigator. RTL and Technology schematic of the proposed interference cancellation architecture are analyzed. The proposed interference cancellation architecture consumes 7 mW of power consumption in the Virtex processor, 33.59 mW of power consumption in the Spartan 3E processor and 0.029 mW of power consumption in the CPLD processor. The overall 22% power reduction was achieved by the proposed architecture. The latency rate of the proposed interference cancellation architecture in multi-user OFDM is about 16.25 ns. In addition, the proposed GDI based cancellation architecture outperforms in terms of energy, delay and power consumption.
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Table 1: Functional unit
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Table 3: Performance analysis of power consumptions of virtex processors

Family Device specifications Power consumption (mW)
Virtex-E XCV600E 295

Virtex5 XC5VLX50T 396

Virtex XCV200 07

Virtex-2p XC2VP2 45
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Table 6: Performance comparison of power consumption and latency

Methodology Year Power consumption (mW) Latency (ns)
Proposed method 2016 33.59 16.25
Shilpi Gupta et al. 2015 82.18 29.48
Pareyani et al. 2012 75.63 32.73
Tongliang Fan et al. 2011 71.41 41.64
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Table 4: Comparison of power consumptions of Spartan-3 family

FPGA family = Device specifications = Power consumption (mW)

Spartan-3E Xc3s100E 33.59
Spartan-3E Xc3s250E 52.29
Spartan-3E Xc3s400E 6191
Spartan-3E Xc3s500E 81.37

Spartan-3E Xc3s1200E 92.10
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Table 7: Performance comparison of proposed GDI architecture

Parameters CMOS CPL DPL GDI
Area -umz 624.8 3443 530.3 212.3
Power -mW 257.30 130.54 152.66 68
Delay -ns 34.079 29.899 27.4 20.2
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Table 2: Various logic functions of GDI cell for different input configurations

N P G Out Function
{0 B A AB F1

B ‘1’ A A+B F2

q° B A A+B OR

B ‘0 A AB AND

C B A AB + AC MUX
‘0’ ‘1 A A NOT
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Table 5: Comparison of power consumptions of CPLD family

CPLD family Device specifications Power consumption (mW)
Cool runer-2 CPLD XC2C32 0.029
Cool runer-2 CPLD XC2C64 0.031

Cool runer-2 CPLD XC2C128 0.034
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