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Abstract—Multiple-input multiple-output (MIMO) systems
with a large number of antennas are imperative for future
wireless networks. The reliability of receivers in such networks
depends critically on the detection algorithm used. The existing
detection algorithms for such systems can be grouped into three
categories viz. neighborhood search algorithms, lattice reduction
based algorithms and sparse recovery based algorithms. Although
these algorithms have reasonably low complexities, their reliabil-
ity performance needs further improvement. In this paper we
propose a novel structure for realizing significantly improved
error performances by using existing algorithms as tools.

I. MOTIVATION

L arge/massive multiple-input multiple-output (MIMO)

systems are considered to be a key technology for meet-

ing the high data rate demands of 5G wireless networks [1],

[2]. The reliability i.e. bit/frame error rate (BER) performance

of such systems depends critically on the detection algorithm

used in the receiver. To address this problem, several low

complexity detection algorithms have been proposed in the

literature. These algorithms can be broadly classified as neigh-

borhood search (NS) algorithms [3]–[5], element based lattice

reduction (ELR) algorithms [6] and sparse error recovery

(SER) based algorithms [7]. The NS algorithms begin with an

initial guess, generate a neighborhood around the initial guess

and replace it with the best solution in the neighborhood. Their

performance is dependent on the accuracy of the initial guess

and the size of the neighborhood. The ELR based algorithms

condition the channel matrix and use it on a low complexity

detector say zero forcing (ZF) or minimum mean square

error (MMSE) or successive interference cancellation (SIC).

SER based algorithms initialize with a solution (similar to

neighborhood search algorithms), find the erroneous locations

and correct them.

Although these algorithms have low complexity, their reli-

ability performance, in terms of BER, needs improvement if

the true capacity potential of large MIMO systems is to be

realized. In this paper we conjecture that if these algorithms

can be suitably combined, the limitations of some can be

overcome, to some extent, by another algorithm. Thus a

complementary approach can be used to enhance the error

performance.
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Fig. 1. Complementary approach where the output of one algorithm is used
by other in an open (without feedback) or a closed loop (with feedback).

II. DETECTION PROBLEM

The objective of a detection algorithm is to find the vector

from the set of all possible transmit vectors which minimizes

the Euclidean distance. Mathematically, this is stated as

X̂ = argmin
X∈ΩNt

‖Y − HX‖2 (1)

and is known as maximum likelihood (ML) detection. Here ‖·‖
denotes L2 norm, X ∈ CNt×1 is the transmit vector with each

xi ∈ Ω where Ω is a set of M complex symbols, H ∈ CNr×Nt

is the channel matrix with each coefficient hij ∈ CN (0, 1).
The problem in (1) is NP-hard and cannot be solved exactly

even for small number of antenna pairs. Hence practical

systems seek an approximate solution which provides a rea-

sonable BER, in an average sense.

III. SOLUTION APPROACH

The proposed solution approach is depicted in Fig. 1 where

three blocks are cascaded together. The vector received at

the receiver is the input to the first block and the vector

detected by the receiver is the output of the third block.

While algorithm A denotes the detection algorithm used for

initialization, algorithms B and C are two other detection

algorithms. The output of algorithm A is used to initialize

algorithm B and the output of algorithm B is used to initialize

algorithm C. All the three algorithms A, B and C need to

be low complexity algorithms. The goal is to find the right

choices for A, B and C such that final reliability achieved is

much better than either of them. Since we are using only low

complexity algorithms, the overall complexity continues to be

low.

Ideally, it is desired to choose algorithms B and C such that

the errors likely to be undetected by B are detected by C and

the errors likely to be undetected by C are already detected

by B. Hence we refer to the proposed detection algorithm as

Complementary Detection (CD) algorithm.



We proposed to use ELR based algorithm as algorithm A.

This is because an ELR based algorithm is used to condition

the channel matrix and hence it is required only once, every

time the channel matrix changes. We propose to use two

versions of A i.e. ELR based MMSE and ELR based SIC.

Now we need to make suitable choices for B and C. For

algorithms B and C we would like to select algorithms which

provide better BER performance than the algorithm chosen

for A. Hence we propose to use SER and NS as candidates

for algorithms B as well as C. Thus, one may use SER for

algorithm B and NS for algorithm C or vice versa.

It may be worth noting that the proposed complementary

approach is novel because conventional detection algorithms

like ZF, MMSE, ML, sphere decoder or K-best [8] are not

amenable for cascading. This is because they do not need

any initial solution vector for getting started. In addition,

since some of them are able to provide near optimal error

performance, at reasonable complexity, there was no occasion

to explore cascading of different algorithms. However, this

is true only for smaller MIMO systems and hence these

conventional algorithms are not candidates for 5G networks.

IV. SIMULATION RESULTS

For simulation purpose we use an open loop system (without

dotted line in Fig. 1) where ELR based techniques [6] are

used as algorithm A, sparsity boosted iterative linear (SBIL)

[7] detector (an SER technique) for algorithm B and 1-LAS

(likelihood ascent search) or RTS (reactive Tabu search) [3],

[4] as NS algorithms. The BER performance for a 32 × 32
MIMO system with 16-QAM modulation is shown in Fig.

2a and Fig. 2b for four different combinations namely CD-

1, CD-2, CD-3 and CD-4. These combinations are a cascade

of (i) ELR-MMSE, SBIL and 1-LAS (CD-1) (ii) ELR-SIC,

SBIL and 1-LAS (CD-2) (iii) ELR-MMSE, SBIL and RTS

(CD-3) and (iv) ELR-SIC, SBIL and RTS (CD-4). From the

figures it is clear that the complementary approach is able

to significantly improve the error performance in the region

Eb/N0 > 15 dB. For example, at a BER of 2 × 10−3 there

is a gain of more than 4 dB for CD-1 algorithm compared

to existing standalone SBIL algorithm or standalone 1-LAS

algorithm. The gains are even more for CD-2 algorithm

(see Fig. 2a). This trend is maintained for CD-3 and CD-4

algorithms as can be observed from Fig. 2b.

Since all the algorithms considered have low complexity, the

order of complexity of the proposed complementary scheme

remains low.
V. WORK IN PROGRESS

Apart from theoretically analysing the algorithms which are

likely to maximize the benefits of complementarity, there are

several other potential structures which need to be investigated.

First and foremost will be to use NS algorithms for algorithm

B and SER algorithms for algorithm C. This is because in the

systems studied till now the initial vector for the NS algorithm

was better than the initial vector for SER algorithms. It will be

interesting to see the improvement in performance when the

initial vector for the SER algorithm is better than the initial
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Fig. 2. Comparison for bit error performance of a 32 × 32 MIMO system
for 16-QAM modulation.

vector for the NS algorithm. Further, the error performance can

be further enhanced if a feedback loop is introduced (shown

in Fig. 1 by a dotted line). Lastly, the complexities of all the

combinations considered here can be reduced if the erroneous

location is used to generate a reduced neighborhood search as

done in [9].
VI. CONCLUSION

Large MIMO systems are promising candidates for realizing

future 5G wireless networks. There is a need for improving

the error performance of existing low complexity detection

algorithms for their usage in large/massive MIMO systems.

We conjecture that a right cascading of such algorithms has

the potential to significantly improve the error performance

while maintaining the same order of complexity.

REFERENCES

[1] Z. Zhang, X. Wang, K. Long, A. Vasilakos, and L. Hanzo, “Large-scale
mimo-based wireless backhaul in 5g networks,” Wireless Communica-

tions, IEEE, vol. 22, no. 5, pp. 58–66, October 2015.
[2] N. Bhushan, J. Li, D. Malladi, R. Gilmore, D. Brenner, A. Damnjanovic,

R. Sukhavasi, C. Patel, and S. Geirhofer, “Network densification: the dom-
inant theme for wireless evolution into 5g,” Communications Magazine,

IEEE, vol. 52, no. 2, pp. 82–89, February 2014.
[3] S. Mohammed, A. Chockalingam, and B. Sundar Rajan, “A low-

complexity near-ml performance achieving algorithm for large mimo
detection,” in Information Theory, 2008. ISIT 2008. IEEE International

Symposium on, July 2008, pp. 2012–2016.
[4] B. Rajan, S. Mohammed, A. Chockalingam, and N. Srinidhi, “Low-

complexity near-ml decoding of large non-orthogonal stbcs using reactive
tabu search,” in Information Theory, 2009. ISIT 2009. IEEE International

Symposium on, June 2009, pp. 1993–1997.
[5] N. Srinidhi, T. Datta, A. Chockalingam, and B. Rajan, “Layered tabu

search algorithm for large-mimo detection and a lower bound on ml
performance,” Communications, IEEE Transactions on, vol. 59, no. 11,
pp. 2955–2963, November 2011.

[6] Q. Zhou and X. Ma, “Element-based lattice reduction algorithms for large
mimo detection,” Selected Areas in Communications, IEEE Journal on,
vol. 31, no. 2, pp. 274–286, February 2013.

[7] X. Peng, W. Wu, J. Sun, and Y. Liu, “Sparsity-boosted detection for
large mimo systems,” Communications Letters, IEEE, vol. 19, no. 2, pp.
191–194, Feb 2015.

[8] E. Larsson, “Mimo detection methods: How they work [lecture notes],”
Signal Processing Magazine, IEEE, vol. 26, no. 3, pp. 91–95, May 2009.

[9] A. K. Sah and A. K. Chaturvedi, “Reduced neighborhood search
algorithms for low complexity detection in mimo systems,” in Golbal

Communications, 2015. Globecom 2015. IEEE International Symposium

on, Dec 2015. [Online]. Available: http://home.iitk.ac.in/∼akc/pdfs/
Abhay GlobeCom 2015.pdf


