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Abstract—In this paper, we investigate how to send space time 

codes with full diversity and low decoding complexity for Z 

channels using precoders with any number of users. We assume 

that we have J transmitters each with J transmit antennas and J 

receivers each with J receive antennas. Each transmitter sends 

code words to respective receiver at the same time. We propose 

an orthogonal transmission scheme that combines space time 

codes and array processing to achieve low-complexity decoding 

and full diversity for transmitted signals. This is the first general 

scheme for any number of users which can achieve 

low-complexity decoding and full diversity for any transmitted 

code word in Z channel when all the users transmit at the same 

time. Simulation results validate our theoretical analysis.  

 
Index Terms—Space-time codes, array processing, full diversity, 

precoder design, interference cancellation, Z channels 

I. INTRODUCTION 

pace-time coding explores the utilization of multiple 

transmit antennas to improve the spectral efficiency and the 

performance over fading channels of wireless communications 

systems. Research on space-time coding has made a significant 

progress in recent years. Later it is applied in multiple access 

channels to enhance the system performance [1]–[6]. Recently, 

several space-time processing techniques have been used in 

multiple access channels to reduce the decoding complexity and 

enhance system performance by canceling the interference from 

different users [7]–[34]. When it comes to Z channels [11], a 

scenario when there are two users each transmitting different 

code words to two receivers simultaneously, how to achieve 

low-complexity decoding and high performance such as full 

diversity is still an open problem. 

    A straightforward way is to use time division multiple access 

(TDMA) and let each transmitter send space-time codes to 

different receivers at different time slots. We can achieve 

symbol-by-symbol decoding and full diversity. However, in this 

case, the symbol rate for each user will only be one half. To 

avoid symbol rate loss, interference cancellation techniques 

based on space-time codes can be used to allow simultaneous 

transmission in Z channels. To the best of our knowledge, there 

is no scheme in the literature that can achieve full diversity, 
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low decoding complexity with symbol rate one when space time 

codes are used to enhance the system performance. 

In this paper, we investigate how to achieve the low 

complexity decoding and the highest possible diversity to Z 

channels with any number of users and without losing symbol 

rate. Our idea to solve this problem is to design proper 

precoding and decoding schemes based on space-time coding 

with the assumption of full channel information at the 

transmitter. The idea of combining space-time coding and 

precoding in multiuser systems is not new [12], [13]. We 

assume that our system operates under short-term power 

constraints, fixed code word block length and limited delay. 

Under these constraints, there will always be some outage 

probability [14], [15] 

  Note that one can use interference alignment methods to 

achieve the highest degree of freedom [16]. But under our 

assumptions, using interference alignment, the diversity will be 

one. The concentration of this paper is to achieve the highest 

diversity with low decoding complexity for space time codes, 

not achieving the highest degree of freedom. Actually, there is 

always a tradeoff between the diversity and multiplexing gain. 

One cannot realize the highest diversity and the highest 

multiplexing gain at the same time. In this paper, we will show 

that our proposed scheme can achieve the highest diversity with 

low decoding complexity for space-time codes. To our 

knowledge, this is the first scheme that can achieve low 

decoding complexity and full diversity for Z channels, with 

short-term power constraint, fixed code word block length, 

limited delay and complexity for practical constellations. 

    The outline of the paper follows next. Section II introduces 

our motivation and the Z channels we discuss in this paper. 

In Section III, we propose an orthogonal transmission scheme 

which is necessary to achieve low complexity decoding, high 

coding gain and full diversity as shown in later sections. In 

Section IV, our decoding scheme is proposed. We analyze the 

performance of our scheme in Section V. Simulation results are 

presented in Section VI and Section VII concludes the paper. 

 

Notation: We use boldface letters to denote matrices and 

vectors, super-scripts (·)T , (·)∗ , (·)†  to denote transpose, 

conjugate and transpose conjugate, respectively. We denote 

the element in the ith row and the jth column of matrix X by 
X(i, j). We denote the jth column of a matrix X by X(j). 
 

 

Generic Interference Processing for Wireless 

Networks with Any Number of Users  

Kevin Bertet, Ekaterina Lukyanova and Liz Nolan 

S

Cyber Journals: Multidisciplinary Journals in Science and Technology, Journal of Selected Areas in Telecommunications (JSAT), April Edition, 2012 

 



 

21 

 

 

 

 

 

 
 

 

 



 

22 

 

 

 

 
 

 
 

 

 



 

23 

 

 

 

 

 

 
 

 

 
 

 

 

 



 

24 

 

 

 

 
 

 
 

 

 



 

25 

 

 

REFERENCES 

 

[1]  S.Karmakar, M. K. Varanasi, “The diversity-multiplexing tradeoff of the 

MIMO Z interference channel,” Proc. IEEE int. Symp. on Inform. Theory, 

pp 2188-2192, Jul. 2008. 

[2]  F. Li, “Array processing for multi-user multi-antenna interference 

channels using precoders,” Wireless Personal Communications, 2012. 

[3]  F. Li, “Influence of mutual coupling on the transmission strategy design 

for MIMO correlated Rayleigh fading channels,”  Cyber Journals: 

Multidisciplinary Journals in Science and Technology, Journal of 

Selected Areas in Telecommunications (JSAT), September  edition, 2011. 

[4]  C. Sun, N.C. Karmakar, K.S. Lim, A. Feng, “Combining beamforming 

with Alamouti scheme for multiuser MIMO communications,” in 

Proceedings of Vehicular Technology Conference, 2004. 

[5]  M. G¨artner and H. B¨olcskei, “Multiuser space-time/frequency code 

design,” Proc. IEEE Int. Symp. on Inf. Theory, 2006. 

[6]  F. Li and H. Jafarkhani, “Interference cancellation and detection for more 

than two users,” IEEE Transactions on Communications, March 2011. 

[7]  F. Li and H. Jafarkhani, “Multiple-antenna interference cancellation and 

detection for two users using quantized feedback,” IEEE Transactions on 

Wireless Communication, vol. 10, no. 1, pp. 154-163, Jan 2011. 

[8]  M. Badr and J.-C Belfiore, “Distributed space-time codes for the non 

cooperative Multiple-Access Channel,” Proc. IEEE Int. Zurich Semin. on 

Commun., pp. 132-135, Mar. 2008. 

[9]  M. Badr and J.-C Belfiore, “Distributed space-time codes for the MIMO 

multiple access channel,” Proc. IEEE int. Symp. on Inform. Theory, pp 

2553-2557, Jul. 2008. 

[10]  Y. Hong and E. Viterbo, “Algebraic multiuser space-time block codes for 

a 2×2 MIMO,” IEEE Trans. Veh. Tech., vol 58, no. 6, pp. 3062-3066, Jul. 

2009. 

[11]  F. Li and H. Jafarkhani, “Interference cancellation and detection using 

precoders,” IEEE International Conference on Communications (ICC 

2009), June 2009. 

[12]  F. Li and H. Jafarkhani, “Multiple-antenna interference cancellation and 

detection for two users using precoders,” IEEE Journal of Selected 

Topics in Signal Processing, December 2009. 

[13]  H. Lu, R. Vehkalahti, C. Hollanti, J. Lahtonen, Y. Hong and E. Viterbo, 

“New space-time code constructions for two-user multiple access 

channels,”IEEE J. Sel. Top. Sign. Proces., vol. 3, no. 6, pp.939-957, Dec. 

2009. 

[14]  W. Zhang and K. B. Letaief, “A systematic design of full diversity 

multiuser space-frequency codes,” IEEE Trans. Signal Processing, vol. 

58, no. 3, pp.1732-1740, Mar. 2010. 

[15]  F. Li and H. Jafarkhani, “Space-time processing for X channels using 

precoders,” IEEE Transactions on Signal Processing, 2012. 

[16]  F. Li, Q. T. Zhang, and S. H. Song, “Efficient optimization of input 

covariance matrix for MISO in correlated Rayleigh fading,” in 

Proceedings of IEEE Wireless Communications and Networking 

Conference, March 2007. 

[17]  V. Tarokh, A. Naguib, N. Seshadri, and A. R. Calderbank, “Combined 

array processing and space-time coding,” IEEE Trans. Inform. Theory, 

vol. 45. pp. 1121-1128, May 1999. 

[18]  A. F. Naguib, N. Seshadri, and A. R. Calderbank, “Applications of space 

time block codes and interference suppression for high capacity and high 

data rate wireless systems,” in Proc. Asilomar Conf. Signals, Systems and 

Computers, 1998. 

[19]  F. Li and Q. T. Zhang, “Transmission strategy for MIMO correlated 

rayleigh fading channels with mutual coupling,” in Proceedings of IEEE 

International Conference on Communications (ICC 2007), June, 2007. 

[20]  F. Li and H. Jafarkhani, “Resource allocation algorithms with reduced 

complexity in MIMO multi-hop fading channels,” in Proceedings of 

IEEE Wireless Communications and Networking Conference, 2009. 

[21]  A. Stamoulis, N. Al-Dhahir and A. R. Calderbank, “Further results on 

interference cancellation and space-time block codes,” in Proc. 35th 

Asilomar conf. on Signals, Systems and Computers, pp. 257-262, Oct. 

2001. 

[22]  J. Huang, E. Au, and V. Lau, “Precoding of space-time block codes in 

multiuser MIMO channels with outdated channel state information,” in 

Proceedings of the IEEE International Symposium on Information 

Theory (ISIT ’07), June 2007. 

[23]  F. Li and H. Jafarkhani, “Interference cancellation and detection for 

multiple access channels with four users,” in Proceedings of IEEE 

International Conference on Communications(ICC 2010), June 2010. 

[24]  F. Li and H. Jafarkhani, “Using quantized feedback to cancel interference 

in multiple access channels,” in Proceedings of IEEE Global 

Telecommunications Conference(Globecom 2010), December, 2010. 

[25]  E. Malkam and H. Leib, “Coded diversity on block-fading channels,” 

IEEE Trans. Inf. Th., vol. 45, no. 2, Mar. 1999. 

[26]  L. Ozarow, S. Shamai, and A. D. Wyner, “Information theoretic 

considerations for cellular mobile radio,” IEEE Trans. Veh. Technol., vol. 

43, pp. 359-378, May 1994. 

[27]  F. Li, “Resource optimization for wireless networks”, International 

Journal of Computer Science and Information Technology & Security, 

2012. 

[28]  E. Bayer-Fluckiger, F. Oggier, and E. Viterbo, “New algebraic 

constructions of rotated Zn-lattice constellations for the Rayleigh fading 
channel,” IEEE Trans. Inform. Theory, vol. 50, pp. 702-714, Apr. 2004. 

[29]  V. R. Cadambe and S. A. Jafar, “Interference alignment and the degrees 

of freedom for the K user interference channel,” IEEE Transactions on 

Information Theory, vol. 54, no. 8, pp. 3425-3441, Aug 2008. 

[30]  F. Li, Multi-Antenna Multi-User Interference Cancellation and 

Detection Using Precoders, PhD thesis, UC Irvine, 2012 

[31]  F. Li, “Optimal power allocation for correlated Rayleigh fading MIMO 

wireless systems with statistic information feedback,” Cyber Journals: 

Multidisciplinary Journals in Science and Technology, Journal of 

Selected Areas in Telecommunications (JSAT), July edition, 2011. 

[32]  S. M. Alamouti, “A simple transmit diversity technique for wireless 

communications,” IEEE J. Select. Areas Commun., vol. 16, no. 8, pp. 

1451-1458, Oct. 1998. 

[33]  F. Li, “Optimization of input covariance matrix for multi-antenna 

correlated channels,” International Journal of Computer Networks & 

Communications, 2011. 

[34]  M. K. Simon and M.-S. Alouini, Digital Communication over Fading 

Channels, 1st ed. New York: Wiley, 2000. 

 

 

 

 

 

 

 


