Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115
Low Complexity Decoding Algorithm for MIMO Communication Systems

Archana J*, Yamuna G
Department of Electrical Engineering, Annamalai University, Chidambaram, India.
*Corresponding author: E-Mail: archana.jm10@gmail.com
ABSTRACT

In this work, we display a procedure for sphere decoder to diminish complexity in translating some portion
of multi-input multi-output (MIMO) with hybrid automatic repeat request (HARQ) framework in light of space time
block codes (STBCs). The principle thought of this work is seeking over the noiseless conceivable accepted signals
that lies with a hyper sphere of radius R around the real accepted signal. Here this algorithm will extend the execution
of sphere decoder and reduce the complexity. We modified the sphere decoder’s inner criteria of r- Radius, d-
Euclidian distance, c- centre point level, k- level of sphere partition, ML- maximum likelihood error probability
because of achieves high throughput communication in receiver side rather than we used some detectors (ML
detector, ZF detector, V-BLAST) to detect the error in the communication system and it uses QASK modulation
technique. And the simulation result using MATLAB shows that the innovative approach achieves higher reduction
in the overall complexity analogous to the conventional sphere decoder.
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1. INTRODUCTION

Wireless systems have extraordinarily moved toward becoming some portion of regular day to day existence.
Couple of Examples that are generally utilized wireless systems are wireless LANs, PDA systems, and mobile
networks. However, wireless equipments range and information rate are restricted. The review has spent a lot of
exertion on discovering approaches to overcome these limitations1. The possibilities to enhance the effectiveness of
HARQ for multi input multi output (MIMO) systems. Here the MIMO is considered with the HARQ because the
spectral efficiency of a MIMO HARQ is more effective than the MIMO frame work. Without HARQ. But it is very
difficult in HARQ with MIMO system to achieve high data transmission. At the beneficiary side, there are two
HARQ consolidating schemes, in particular pre-joining and post-combining. The study on the issue of interpreting
difficulty in a MIMO -HARQ framework in light of Space-Time Block Codes (STBCs) and their proficiency in both
computational complexity diminishment and spectral effectiveness protection. A quick Sphere Decoder (SD)
mechanism with low computational intricacy is proposed for decoding procedure of HARQ levels. The primary
thought of this work is seeking over the noiseless conceivable accepted signal that ranges over a hyper sphere of
radius R around the genuine accepted signal3. The sphere decoder is used in reduction of the separation between the
accepted symbols and the conceivable transmitted symbols with a specific end goal to enhance the data in a multi-
client framework. One of prime issues in sphere interpreting is the choice of an underlying radius of the pursuit hyper
sphere a deterministic range determination procedure utilizing the Babai evaluate because of the adjusting mistakes
in floating point calculation, it might deliver a too little sweep and cause sphere deciphering to neglect to discover
an solution. The problem of choosing a range in sphere decoding in correspondence applications, all the more as a
rule in explaining whole number least squares issues4. The difficult sphere decoding mechanism has ideal bit error
proportion execution for decoded MIMO frameworks. The upgrades are accomplished utilizing another definition
for sphere range and modifying the symbol retrieve methodology. Sphere decoding procedure is an important
calculation for translating transmitted signals in MIMO correspondence at high SNR ranges.
MIMO HARQ: MIMO for wireless correspondences is a antenna methodology, in that different reception
apparatuses are utilized at both source and the sink. The receiving wires at each end of correspondences are joined
to diminish mistakes and to improve information speed. In normal wireless correspondences, a solitary antenna is
utilized at both source and the sink. Now and again, this offers ascend to issues of multipath impacts. At the point
when an electromagnetic field (EM field) is met with obstacles, for example, slopes, gorge, structures, and utility
wires, the wave fronts are dispersed, and in this manner they take numerous ways to achieve the target and this late
entry of scattered bits of the signal causes issues, for example, blurring, cut-out (bluff impact), and sporadic gathering
(picket fencing). In digital interchanges frameworks, for example, WiFi, because a diminishment in information
speed and furthermore it builds the quantity of blunders. So the utilization of more than one reception antenna,
alongside the transmission of various signals (one for every antenna) at the source and the sink, wipes out the
inconvenience brought about by multipath wave probagation, and can even exploit this impact.

HARQ is a mix of high-rate forward mistake remedying coding and ARQ error control technique. In classic
ARQ), repetitive bits are added to the information to be forwarded by utilizing a error identifying code, for example,
a cyclic redundancy check (CRC). Collectors recognizing a ruined message will ask for a signal conditions. There is
ordinarily a signal quality traverse point underneath which straightforward HARQ is better, or more which
fundamental ARQ is better. The HARQ is the utilization of ordinary ARQ alongside an Error Correction strategy
called 'Delicate Combining', which no longer disposes of the accepted terrible information (with blunder). With the
'‘Delicate Combining' information parcels that are not appropriately decoded are not disposed of any longer. The
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accepted signal is put away in a 'buffer’, and will be consolidated with next retransmission. That is, at least two
packets accepted, everyone with lacking SNR to permit singular decoding can be joined in such a way aggregate
signal can be decoded.

Space Time Block Codes: A Space Time Code is a technique used to enhance the reliability of message
communication in wireless communication. A new work in the domain of space-time coding for MIMO wireless
channels has been done by Tarokh in which two code design parameters have been stated for flat fading channels
with coherent receivers, and high-performance space-time trellis codes have been designed and these codes suffer
from rather high decoding complexity. In the same year, Alamouti proposed his STBC scheme for two transmit and
multiple receive antennas. The STBC is an effective approach in wireless correspondence without any bandwidth
extension and it achieves full diversity profit with reduced intricacy in implementation. It performs on a segment of
message at a time and provide diversity gain, and they are reduced difficult in implementation than STTCs. STTCs
rely on Viterbi decoder at the sink whereas STBCs require only linear execution.

There are three error detecting technique that are joined to minimize the error in the sphere decoder. These
are the three error detecting technique,

¢ Maximum likelihood detector ( ML)
e V-blast
e Zero forcing equalization
Maximum Likelihood Detector (ML): System notation is written as:
r=Hs+v

Where, r- Received signal, Hs- Noise free signal constellation, v - Received noise. The ideal identifier looks

at the accepted signal vector r to each conceivable noise free group point Hs. The ideal choice on the transmitted
information is the nearest group point Euclidean separation. Unpredictability of this approach is normally too high
for difficult groups and huge quantities of reception devices assess PM points.
V-BLAST (vertical BLAST): In the previous couple of years, hypothetical examinations have uncovered that the
multipath wireless medium is equipped for colossal limits, gave that the multipath disseminating is adequately rich
and is legitimately abused using a proper processing design. The diagonally layered space-time design stated by
Foschini, currently called as D-BLAST, is one such method. D-BLAST uses multi-component radio wire clusters at
both transmitter and recipient and a rich diagonal layered coding model in which code squares are scattered crosswise
over diagonals in space-time. In a free Rayleigh scrambling condition, this handling structure prompts hypothetical
rates which develop straightly with the quantity of reception apparatuses (accepting equivalent quantities of antenna
with these rates moving toward 90% of Shannon limit. Nonetheless, the diagonal approach experiences certain usage
complexities which make it unseemly for initial execution. A basic version of BLAST known as vertical BLAST or
V-BLAST. V-BLAST uses a mix of old and new identification procedures to isolate the signs in a productive way,
allowing operation at critical divisions of the Shannon limit and accomplishing extensive spectral efficiencies all the
while. V-BLAST is a fundamental piece of MIMO innovation.

As such it is an integral part of current wireless communications conventions such as IEEE 802.11n
(Wi-Fi), 4G, 3Gpp long term evolution, WiMAX and HSPA+ are some of the applications of V-BLAST. V-blast
decoding operates as follows, It interpret each reception device in turn, then extract out decoded message from
accepted signal (successive interference cancellation). Often the reception devices are ordered by decreasing signal-
to-noise ratios, as per ZF/MMSE ordering.

Zero Forcing Equalization: Zero Forcing Equalizer refers to a form of linear equalization algorithm used
in communication systems which applies the inverse of the frequency response of the channel. Robert lucky was first
proposed Zero Forcing Equalizer. The Zero-Forcing Equalizer is applied to inverse the channel frequency response
with that of the received signal. It has several useful applications and it is also used to restore the signal after the
channel. For example, as study is carried out on IEEE 802.11n (MIMO), where knowing the channel permits
recovery of more than two streams which will be received on top of each antenna. The term Zero Forcing represents
in bringing down the inter symbol interference (ISI) to zero in a situation where there is less noise. This will be useful
when ISl is significant compared to noise.

System Description: In this work, the source 2x2 antenna is the originator of the information. The source may be
a human voice, music, digital data from a computer, etc. The method of modulation is required to make the baseband
signal ready for transmission. The modulator generates a changing signal at its output that is proportional to the
signal some way appearing across its input terminal (base band signal) is shown (Figure.1). Sequence generator is a
digital logic circuit. The main goal is to generate a prescribed sequence of outputs. Each output obtained will be one
among the number of symbols or of binary or g-ary logic levels. The sequence may be of undetermined length or
fixed length. A binary counter is a special type of sequence generator. Sequence generators are advantageous in a
wide diversity of coding and control applications. Generally in data-transmission, it refers to small bundle of data
shared across a network. A packet consists of a many block of data bits and it is also included with control information
for proper routing and reassembly into the original form at the receiving end. Then the packets from the sequence
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generator is transmitted to the channel. Figure.2, shows main sphere decoder block, in that 2x2 antenna is used and
the packets are transmitted to the encoder. Encoding involves the use of a code to change original data into a form
that can be used by an external process. The encoded signal is then transmitted to the STBC-HARQ block is
combined of alamouti's space time block codes and hybrid automatic repeat request scheme for MIMO and the
output is send to channel it is a medium among the transmitter and the receiver.

Source 2x2 MODULATION SEQUENCE PACKETS
antenna aask GENERATOR TRANSMISSION
‘ NOISE CHANMNEL ‘
DESTINATION DEMODULATION ERROR SPHERE
DETECTOR DECODER

MLDETECTOR ZF DETECTOR V-BLAST ‘

Figure.1. Main block diagram

The sphere main which involved in three different level of sphere bounds at each level it select the radius of
the sphere, Euclidian distance i.e. the distance among the node, center point level and detect the error probability.
The error detected data's is then compared for average delay and data rate for STBC with HARQ. And next the BER
is calculated and the data's are received by the decoder for decoding and the decoding is defined as the process of
converting the binary code into plain text or any required format so that it can be utilized for subsequent processes.
Decoding is the reverse process of encoding. It is normally used to convert the encoded data communication
transmissions and their corresponding files to their original states.

INITIALIZATION

FOR2x 2 ENCODING STBC-HARQ CHANNEL+

ANTENNA NOISE
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Figure.2. Sphere decoder block
Pruning Process: Pruning is the very important process of sphere decoder to search the minimum distance node
within the sphere. It explore over other branches to find the absolute minimum distance in the node and all other
node with higher p, is pruned out. And pruning is explained here with the help of the following steps:
Step 1: Initialization
Step 2: At level K —» smallest intermediate value that leads to next nodes L at level K-1.
Step 3: At level K-1 smallest value among the L nodes and so on until the level 1.
Step 4: Sum of the K values gives a first minimum of the function, the starting radius pq
Step 5: Pruning
Step 6: Exploration of the other branches.
Step 7: Each branch which will certainly give a higher pq is pruning out
Step 8: If a leaf is reached with a smaller sum than pg, po is updated with that new value.
Step 9: The process continues until all branches have been explored or pruned out.

Level K

7 S d,

Level 1

Figure.3. Partition of Sphere
The level 1 the sphere is divided by 2 having radius R, d is the Euclidian distance in order to find minimum
absolute distance by pruning (Figure.3). In initialization process (Figure.4) it is divided into four nodes and the each
node having four sub nodes this is the primary level of initialization. By adding the node value to find the minimum
distance po node from the centre point level.
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Figure 4. Initialization Process
The second main process is pruning, here searching is carried over based on other branches and the branch

with higher p is pruning out. The (Figure.5) branch containing higher p is pruned out. And this process is repeated
till all branches have been explored. Here the p,=22 is the first minimum of this branch and all other nodes are
pruned out. In the next level of pruning it finds another p, and here py=21 it is taken as the second minimum and
all other leaf with higher pu, is pruned out.

po=21

12 3

Absolute
5208 5% 59 3 2 H 5 A a2 minimum

Figure 5. Pruning first level Figure 6. Final level

And the procedure of pruning is completed and the two values are p,=22 and uy=21. So it takes uy=21 as
the absolute minimum is shown in Figure.6.

2. SIMULATION RESULTS

The measure of SNR in a digital communication system is measured at the input to the receiver. The simulation
results shows the bit error rate is reduced with increase in signal to noise ratio for the given sphere decoder level by
the comparative study of three schemes (Figure.7). The first scheme ML detector is used in receiver side to calculate
BER.

sphere decoder level
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Figure.7. Sphere decoder level

The second scheme is V-blast exploits a mixture of old and new techniques to divide the signals in an
effective manner, allowing operation at important fractions of the Shannon capacity and thus achieves enormous
spectral efficiencies during the process. Each antenna is decoded in turn, later decoded data is subtracted from
received signal (successive interference cancellation). The third scheme is zero forcing equalization to form a of
linear equalization algorithm used in communication systems which enforces the inverse of the frequency response of
the channel. The three scheme shows that it achieves 15 to 25 dB with minimum SNR and each time it generates
randomly.

In general the data rate is speed at which data is shifted within the computer device or among a peripheral
device with computers. This data rate is normally measured as bytes per second. The average delay comparison for
HARQ and STBC is represented in figure 8 and is shows that the SNR is achieved for STBC and HARQ and the
both achieves 15 to 20dB (Figure.8). Here it shows that the STBC achieves same SNR as HARQ with minimum
delay.
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Figure.8. Average delay comparison

For HARQ it achieves the same value for SNR as STBC but the delay is not much decreased. From this
comparison the STBC has good reduction in delay. The bit error rate (BER) is the number of bit errors per unit time.
The bit error ratio is the calculated with the number of bit errors divided by the overall number of
transferred bits during a specified time interval. BER is a unit less performance measure, often expressed as a
percentage and it is generally conveyed as ten to a negative power. The simulation result illustrates (Figure.9) that
the average BER comparison of HARQ with STBC and BER is achieved for HARQ is very much reduced when
compared with the STBC. In general a good system should achieve maximum SNR with minimum BIR.
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Figure 9. Average BER Comparison Figure 10. Average rate comparison

Here both the system achieves same bit error rate but the HARQ which achieves good SNR when compared
to the STBC. Generally data rate comparison between systems is calculated with the speed at which data is sent over
a data link or channel; generally expressed in bytes per second. Thus the simulation shows (Figure.10) the average
rate comparison for data rate with signal to noise ratio for STBC and HARQ. Both the technique (HARQ and STBC)
achieves identical signal with respect to noise ratio but the data rate is slightly higher STBC when compared to
HARQ. But when compared the two systems the STBCs data rate is little bit higher than HARQ.

4. CONCLUSION

The MIMO HARQ has been formulated to enhance the decoding speed and thereby the complexity will be
minimized and the STBC technique is effective MIMO approach which provide reliable communication and it also
achieves diversity gain with lower complexity.

5. ACKNOWLEDGEMENT

Part of this article has been presented in the international conference on Engineering Digital Green Era, pp,
60-70, 18 March 2016, Chennai, India and published in the proceedings of 'EDGE 2016' conference. This is an
updated version of the article.

REFERENCES
Fei Zhao, Sanzheng Qiao, Radius Selection Algorithms for Sphere Decoding, Department of Computing & Software,
McMaster University, 1280 Main St. West Hamilton, Ontario, L8S 4L7, Canada, 2009.

Luis Miguel Cortes-Pena, MIMO Space-Time Block Coding (STBC), Simulations and Results, Design project on
personal and mobile communications, GEORGIA TECH (ECE6604), 2009.

Onggosanusi E.N, dabak A.G, Hui Y and Jeong G, hybrid ARQ transmission and combining for MIMO systems,
IEEE International Conference on communication, 5, 2003.

Ramin Shariat-Yazdi and Tad Kwasniewski, Low Complexity Sphere Decoding Algorithms, IEEE International
Symposium on wireless communication systems, 2008, 438-442.

Seyyed Saleh Hosseini, Jamshid Abouei and Murat Uysal, Fast-decodable MIMO HARQ systems, IEEE
Transactions on Wireless Communication, 14 (5), 2015

JCHPS Special Issue 9: December 2016 www.jchps.com Page 71


http://www.jchps.com/
http://www.yourdictionary.com/data
http://www.yourdictionary.com/link
http://www.yourdictionary.com/channel
http://www.yourdictionary.com/bytes

