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OOppttiimmiizzaattiioonn  ooff  PPoowweerr  CCoonnssuummppttiioonn  iinn  MMIIMMOO  CCeelllluullaarr  NNeettwwoorrkkss  

UUssiinngg  DDyynnaammiicc  SSeemmii--ddeeffiinniittee  RReellaaxxaattiioonn  

  

  

  

  

  

 

 

 

Abstract: Cellular network is a concept of computer communication which means that users communicate with 

each other forming a temporary network. Cellular networks have tremendous growth in recent years due to the 

increase use of the Smartphone’s. MIMO Cellular networks have gained great attention in the area of signal 

processing and communications in recent years. Multi-cell cooperation helps to eliminate the inter-cell interference 

in these networks and to increase the spectral efficiency. On minimizing the number of active directional 

cooperation links and jointly considering the beam forming vectors among the cooperative BSs causes the signal-to-

interference-and-noise-ratio (SINR) constraints at mobile station. These SINR constraints are non-convex due to the 

interference coupling between users. To overcome these problems, a Dynamic Semi-definite Relaxation approach is 

proposed. Simulation results show that proposed approach gives accurate and better results than the Semi-definite 

Relaxation.   
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I. INTRODUCTION 

Wireless sensor networks [2] have made their use in the transference of data via network to a certain main location. 

These WSN’s are made up of hundreds or thousands of “nodes”, and these nodes and connected to one or many 

sensors. Cellular networks are basically the wireless networks that are circulated in some land areas that are known 

as cells and each cell is supplied by at least one fixed location transceiver called cell site or base station as shown in 

Fig1.  In the fig2, asymmetric cooperation is considered. BS-1 shares the data stream with BS-2 so as to 

cooperatively exploit the strong interference link to MS-1. BS-1 does not share the data stream in return because the 

interference link from BS-1 to MS-2 is weak [1]. 

In this paper, the work is proposed to solve the optimization problem in MIMO cellular networks. MIMO is 

basically huge problem in these days. MIMO (Multiple-Input Multiple-Output) is a frequently encountered problem 

in any communicat- 
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Fig1: Working of MIMO 

 

Fig2: Asymmetric Cooperation 

-ion system. This problem can be solved by implementing Semi Definite Relaxation (SDR) technique. The OTP and 

SNR results of SDR implementation remain inferior. In this paper, a new technique is proposed to solve the 

problems in MIMO cellular networks. 

II. RELATED WORK 

There are number of research papers related to optimization of power consumption in MIMO Cellular Networks 

using Dynamic Semi-definite Relaxation which is discussed below: 

Fuxin Zhuang, and Vincent K. N. Lau, in their paper,” Backhaul Limited Asymmetric Cooperation for MIMO 

Cellular Networks via Semi-definite Relaxation” described the semi-definite technique which is applicable to solve 

the problem of power consumption in MIMO cellular networks. They produce good and effective results [1]. The 

technique that is applied to many non-convex quadratic constrained quadratic programs which also described the 

applications of MIMO detection, downlink transmits beam forming [2]. The benefit of multi-antenna beam-forming 

system in which multiple base stations jointly optimize the  respective beam-formers to improve system 

performance and focus on minimizing the weighted transmitted power or the maximum per-antenna power across 

the base stations subject to SINR at the remote users [3]. MIMO cooperation in wireless networks dramatically 

explains the concepts including the fundamental information theoretic limits, review of coding and signal processing 

algorithmic developments and issues related to scalability and system-level integration  [4]. The coordinated 

downlink beam-forming optimization in multi-cell time division duplex (TDD) systems in which an exchange is 

done between a number of parameters within cells without any data sharing [5]. Problem of joint multicast beam-

forming and antenna selection for multiple co-channel multicast groups is solved which is further shown to be the 

Lagrange bi-dual of the original NP-hard problem [6]. A broad class of real and complex optimizations over power 
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networks is polynomial-time solvable due to the passivity of transmission lines and transformers [7]. A 

heterogeneous network along with one macro node and one Pico node is proposed so as to find a feasible association 

[8]. 

The antenna which is basically designed to cover the frequencies produced by navigation and communication and 

also to integrate multiple services that are having smallest frequency ratio along with good inter band spacing [10]. 

The problem of beam transmission space that is designed for MIMO radar with collocated antennas in application to 

DOA estimation is introduced for designing the transmit beam space matrix that helps to enable the use of search-

free DOA estimation techniques at the receiver end [11]. The network MIMO uplink channels with arbitrary loses 

between the BSs and UTs and finite capacity backhaul links is described [12]. A dynamic PSSE algorithm is 

proposed for power systems and this algorithm had relied on EKF\UKF approaches which leverage the MHE 

strategy and SDR technique to accurately incorporate non-linear dynamics, thus providing improved estimation 

accuracy and robustness [13]. The grouping problem in uplink transmission multiple single-antenna users to one 

multiple antenna base station is examined and gives up to 30% of increase in throughput [14]. The worst-case linear 

optimization and the problem NP-Hard was solved by using semi-definite relaxation for WOLC [16]. The 

interference MIMO relay system in which source node communicate with the destination node to minimize the total 

relay and transmit power results shows that the proposed algorithm gives the accurate results [18]. Using statistical 

channel knowledge, uni-cast and multicast/broadcast communication is improved [19]. Hybrid cooperative 

transmission strategies to exploit the advantages of CoMP-JP and CoMP-CB are investigated [20]. Using the CSI 

available at the transmitter, the QoS for both primary and secondary users in a cognitive network can be effectively 

controlled [21]. Transmission power is simply improved using SINR constraints in study of robust design problem 

[22]. 
 

III. PROBLEM FORMULATION 
 

Problem is formulated from the problems discussed below: 

 The non smooth methods earlier are not efficient enough.  

 To quantify the backhaul cost, one obvious metric of backhaul.  

 Issues related to scalability and system level integration.  

 Loading is the average b/s/Hz in the backhaul to support the data streams to the mobiles and such a metric 

reveals too much detail, and the associated problem is highly combinatorial.  

 The SINR constraints are non-convex due to the interference coupling.  

 Power consumption is a central design consideration for wireless sensor networks whether they are 

powered using batteries or energy harvesters. 

 Lack of frequency resources in mobile communications. 

 Interference between the data packets due to disturbance and some network fault at the transmitter and the 

receiver side. 

 

From all these problems discussed above, problem is formulated. All these problems are discussed so as solve them 

with the new proposed technique which is known as Dynamic Semi-definite Relaxation. This technique is only 

proposed to solve all these problems related to the Cellular Networks. After solving all these problems, the results 

produced give the good performance and improved the power consumption which is the main problem with the 

Cellular Networks these days. The results also reduced the complexity with the networks and produced the efficient 

system. 

The proposed work contributes to the following: 

 To optimize the power consumption in MIMO cellular networks using dynamic semi- definite 

relaxation. 

 To improve the performance of the proposed algorithm using dynamic semi definite relaxation in terms 

of SINR (signal-to-interference-and-noise-ratio) and optimal transmission power (OTP). 
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IV. PROPOSED ALGORITHM 

 

The proposed algorithm is shown below: 

 

Step1: Initial estimation of norms is done. 

Step2: Calculation of gradient and projection is on the basis of dynamic cells. 

Step3: Calculation of projection gradient: 

a) If the projection is not equal to next i.e. of j+1, apply OTP solution. 

b) If equal recalculate the projection and gradient. 

Step4: Find the minimum OTP and apply the solution to find SINR and OTP results. 

Step5: Compare the results of previous and current work. 

V. SIMULATION 

In the simulation as in Table 1, deployment is done in which number of nodes is created as on user’s choice. After 

that a shortest path is created for single transmission which is developed on three parameters which are: 

 A node is in range. 

 A node is closest to the destination. 

 A node is in the next ring.   

After the nodes are created in which destination is fixed for all the nodes, the distance is calculated from source to 

the destination by using the formula: 

Sig = modulate (hMod, tx)*scale;  ( 1) 

 

Modulate QAM modulated signal; divide by the square of 10 to bring the average power of the signal 

 

Network Simulation Model  

 

 

1. 

 

Network Area 

 

 

400*400 squints 

 

2. 

 

No. Of Nodes 

 

 

Dynamic (Given by user at run time) 

 

3. 

 

Channel Used 

 

 

Rayleigh Channel 

 

4. 

 

No. Of  Cycles 

 

 

16 

 
Table 1: Network Simulation Model 

  

to 1. 
         ofdm = sqrt ( N) * ifft (sig, N)   (2) 
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Adding Multipath to OFDM delayed signals signal + Adding. Then the value of ofdm_total is calculated. After that 

maximum power is calculated by using the following formula: 

 
x = real (ofdm_total);   (3) 

 

The distance calculated for semi-definite relaxation and for dynamic semi-definite relaxation are 0.0580 0.0525 

pixels.  

 

The maximum power is calculated by the following formula 

pmax = (max(x))^2;    (4) 

 

The average power is calculated by using the following formula: 
xav = x.^2;        (5) 

 
xav1=sum (xav);     (6) 

 

pavg = (xav1/256);  (7) 

 

Then the peak OTP is calculated using the following formula: 
papr = pmax/pavg;  (8) 

 

 
The value of peak OTP is calculated. The value of peak OTP for SDR and DSDR is 19.1445 and 5.2906 pixels. The 

value of DSDR is less than SDR that means DSDR is better than SDR. 

 

SNR can be calculated using the formula as shown: 

rxSig = awgn(ofdm_total, SNR(j));   (9) 

 

Add white noise with SNR(j) and fading 
 

sig_Recovered = fft (rxSig,N)./sqrt(N)./fft (cha_imp,N);   (10) 

  

Receiver (rx), 

  
rx = demodulate(hDemod,sig_Recovered/scale); (11) 

 
The value of peak SNR is calculated. The value of peak OTP for SDR and DSDR is 0.72932 and 0.7719 pixels 

which show that value of peak SNR for SDR is less than DSDR that means dynamic semi-definite relaxation 

(DSDR) is better than SDR. 

The comparison of both the techniques for SDR and DSDR for average SNR and average OTP is shown 
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Fig 3: Comparison average SNR. 

 

Fig 4: average OTP comparison. 

 in Fig 3 and Fig 4: 

VI. RESULTS & DISCUSSION 

MIMO (Multiple-Input Multiple-Output) is a frequently encountered problem in any digital communication system. 

This problem can be solved by implementing Semi Definite Relaxation (SDR) technique. The OTP and SNR results 

of SDR implementation remain inferior. The proposed technique, Dynamic Semi Definite Relaxation (DSDR) is a 

solution to this. The following implementation shows the comparison of results obtained from implementing SDR 

and DSDR techniques. 



International Journal of Computer Application                                                   Issue 4, Volume 4 (July-August 2014)                                                                                                                  

Available online on http://www.rspublication.com/ijca/ijca_index.htm                                              ISSN: 2250-1797 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 101 
 

i. Semi Definite Relaxation (SDR) 

Figure 5 shows the graph of projection vs. number of cell towers for SDR. The value of projection decreases with 

increase in number of cell towers. 

 

Figure 5: Projection vs. number of cell towers (SDR) 

Figure 6 shows the gradient variation with respect to number of cell towers for SDR. Lesser is the gradient variation 

more efficient is the applied technique. The SDR technique shows quite a large gradient variation. 

 

Figure 6: Gradient variation (SDR) 

ii. Dynamic Semi Definite Relaxation (DSDR) 

The shortcomings of SDR are removed in Dynamic Semi Definite Relaxation scheme. Figure 5 shows the graph of 

projection vs. number of cell towers for  
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Figure 7: Projection vs. number of cell towers (DSDR) 

DSDR. The value of projection decreases with increase in number of cell towers. We observe that the decrease in 

projection with increase in cell towers is more in case of DSDR as compared to SDR. 

 

Figure 8: Gradient variation (DSDR) 

Figure 8 shows the graph of gradient variation vs. number of cell towers for DSDR technique. Here we can observe 

that the variation of gradient is less as compared to the SDR technique. 
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iii. SDR vs. DSDR: SNR 

Signal to Noise Ratio (SNR) is the ratio of signal power to the noise power. Higher the SNR value better is the 

technique. The value for peak SNR in case of DSDR was found to be greater than that in case of SDR. Figure 9 

further compares the average SNR in case of SDR and DSDR. The green line shows the SNR for SDR 

implementation. When DSDR is implemented the results are improved as is shown by the blue line which represents 

SNR for DSDR. 

iv. SDR vs. DSDR: OTP 

Optimized Transmit Power (OTP) is a measure of power consumed for transmission of signal. Lower the OTP value 

better is the performance of applied technique. When peak OTP was found for both the techniques and the results 

were compared, it was found out that the value for DSDR was lower than that for SDR. Figure 10 further shows the 

comparison of average OTP for SDR and DSDR. The values shown in blue are the values of average OTP for SDR. 

On implementing DSDR the values of average OTP was reduced as shown in green. 

 

Figure 9: SDR vs. DSDR (average SNR) 

 

Figure 10: SDR vs. DSDR (average OTP) 
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v. Comparison of DSDR and SDR 

After the results, the two techniques SDR and DSDR are compared, this shows that DSDR is better than SDR. This 

comparison is done in form of table in which vales of peak OTP and peak SNR are compared that shows that there is 

difference between both the values. The values of peak OTP and peak SNR of dynamic semi-definite relaxation are 

lower than the peak OTP and peak SNR of semi-definite relaxation. Also the distance i.e. shortest path from source 

to the destination is calculated that shows that shortest path for DSDR is lower than the SDR means DSDR takes 

less time to reach the destination than the SDR as shown in table 2. 

 

Dynamic Semi-definite Relaxation 

 

 

Semi-definite Relaxation 

d(distance) Peak OTP SNR d(distance) Peak 

OTP 

SNR 

0.0523 6.1561 0.86751 0.0606 18.3183 0.95719 

0.0517 8.2937 0.9989 0.0593 14.0605 1.0189 

0.0437 7.4042 0.99984 0.0598 22.4541 1.0189 

0.0595 8.5853 0.04515 0.0450 12.4395 0.88361 

 

Table 2: Comparison table between two techniques 

 

VII. CONCLUSION & FUTURE SCOPE 

In this work, a dynamic semi-definite relaxation approach is considered to reduce the power consumption in MIMO 

cellular networks. This approach is mainly considered to solve the optimization problem in the cellular networks and 

to improve the performance of the system in terms of SNR (signal noise ratio) and OTP (optimal transmission 

power). The proposed technique, i.eDSDR is better than the SDR as shown by the observations. DSDR has lower 

values of optimized transmit power to noise ratio as compared to SDR. Thus dynamic semi definite relaxation 

approach can be concluded as more efficient solution for multiple-input multiple-output (MIMO) problems in a 

cellular network. The calculations of the proposed work are done on single transmission which does not considered 

the full path transmission. The shortest path is calculated from node to node that means transmission path is 

calculated from one node to the next node then second to third and so on. In future, the work will be done on the 

multi-hop environment. The shortest path will be calculated from source to destination directly. 
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