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Abstract—This paper studies the two-hop co-located 

transmission architecture that incorporates simultaneous 

wireless information and power transfer in radio relay networks. 

Joint robust precoding design of the information and power 

transfer that can minimize the overall relays’ power 

consumption while satisfying our predefined quality-of-service 

and energy-harvest requirements is provided. By using Semi-

Definite Relaxation technique, the non-convex initial problem 

can be converted to be convex. Additionally, the dual problem 

of the relaxed problem is investigated, and the closed-form 

optimal solutions of the relaxed problem can be achieved by our 

proposed method. Finally, approximate solutions show the 

effectiveness of our proposed robust precoding design. 
 
Index Terms—Robust, relay, SWIPT, SDR 

 

I. INTRODUCTION 

Recently, low-power devices that can be charged 

wirelessly are used widely. Meanwhile, the limited-

battery-powered Wireless Sensor Networks (WSNs), 

which are energy constrained, success tremendously. 

However, the cost of replacing these batteries frequently 

is high. What’s worse, due to the intermittent nature, the 

application of conventional energy harvest technologies 

relying on natural energy sources is problematic. 

Wireless power transfer can be used as a promising 

alternative to increase the lifetime of WSNs [1]. Different 

from magnetic induction which focused on near-field 

energy transmission, Simultaneous Wireless Information 

and Power Transfer (SWIPT) can result in significant 

gains in terms of spectral efficiency, time delay, energy 

consumption, and interference management by 

superposing information and power transfer [2]. Initial 

concept of SWIPT can be dated back to [3]. There has 

been a lot of prior work on SWIPT, and followed by a 

large amount of works on this topic ([4]-[9]). Traditional 

energy receiver can be powered by a hybrid access point 

(H-AP) which can transmit information and energy 

simultaneously by power splitting scheme or the time 

division scheme [4]. Wireless powered communication 

network emerged by H-AP was studied in [5]. In [5], 

receiver can be powered by the H-AP in the downlink 

and then send the information by time-division-multiple-

access (TDMA). Multiple-input multiple-output (MIMO) 

wireless broadcast system was investigated in [7] which 
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derived a semi-close-form expression for the optimal 

transmit covariance matrix (for the joint precoding and 

power allocation) to achieve different rate-energy pairs. 

In [8], the authors proposed secrecy SWIPT beamforming 

designs that maximize the harvested energy by the 

Energy Receivers (ERs), while information and energy 

can be transmitted and received at the single-antenna 

transmitter and single-antenna receiver, simultaneously. 

In [9], the robust beamforming problem for the multi-

antenna wireless broadcasting system with SWIPT has 

been studied. Following the worst-case deterministic 

model, the authors maximize the worst-case harvested 

energy for the energy receiver while guaranteeing that the 

rate for the information receiver. These works ([5]-[9]) 

are all single-hop networks. 

Information

Energy
Time switch

co-located transmitter architecture

co-located receiver architecture

Information

Energy
Time switch

 
Fig. 1. Co-located transmission architecture 

In two-hop relay networks, cooperative relaying 

techniques can help to overcome fading and attenuation 

by intermediate relay nodes, resulting in improved 

network performance in terms of efficiency and reliability. 

Energy harvesting networks can be applied in radio relay 

networks particularly [4]. In [10], the authors adopt 

hybrid receivers which split the received signal in two 

power streams, for harvesting energy and decoding the 

modulated information, respectively. Different form [10], 

this paper transmit information and energy by time 

switching. Which means the energy signal can’t interfere 

the information signal. This transmission architecture is 

called the co-located transmission architecture shown in 

Fig. 1. Depend on [11], it is more practical to consider the 

imperfect Channel State Information (CSI) between the 

receiver and relays in radio relay networks. This paper 

assumes that channels between the receiver and relays are 

not perfect, specifically, following the norm-bounded 

model. The target is to minimize the sum power 

consumption of relays while satisfying the receiver’s 

Quality-of-Service (QoS) and Energy-Harvest (EH) 

requirements. Furthermore, our results can also serve 

multiple transmitter by adding new receiver’s QoS and 

EH requirements. 
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The remainder of the paper is organized as follows: the 

system model is introduced in Section II. In Section III, 

joint information and power transfer precoding design 

with presence of channel uncertainty is investigated. 

Numerical simulation results and analysis are given in 

Section IV. Conclusions are discussed in Section V.  

Notations: This paper uses bold uppercase and 

lowercase letters denote matrices and vectors, 

respectively. (·)∗, (·)
T
 and (·)

H 
denote the conjugate, 

transpose and conjugate transpose of a matrix or a vector, 

respectively; IN  is an N×N identity matrix; E(·) denotes 

the statistical expectation; Tr(·) is the trace of a matrix; 

||·|| denotes the Frobenius norm; CN(b,A) represents 

circularly-symmetric complex Gaussian distribution with 

mean vector b and covariance matrix A; rank(·) denotes 

the rank of matrix ; vec(·) represents the matrix 

vectorization; mat(·) represents the inverse operation of 

vec(·); diag(X) represents the extraction of the diagonal 

entries from matrix X and forms a new diagonal matrix, if 

X is a vector it represents transforming this vector to a 

diagonal matrix; Re{X} represent the real part of  X;   

represents the Kronecker product. 

II. SYSTEM MODEL 

The co-located transmission architecture, which can 

transmit information and energy with single-antenna by 

time switch, is shown in Fig. 1. The transmitter is a co-

located transmitter architecture, which can work on 

information mode (IM) and energy mode (EM), with 

information and energy transmission. The receiver is a 

co-located receiver architecture, which can also work on 

IM and EM. Obviously, when both of the transmitter and 

receiver work on IM or EM, they can transmit 

information or energy, separately. This paper assumes 

that the single-antenna transmitter and the co-located 

single-antenna receiver will communicate through help of 

M co-located single-antenna relays shown in Fig. 2. 

: tansmitter

: receiver

: information

: power

relays

 
Fig. 2. Multi-relay simultaneous wireless information and power 

transfer radio relay networks 

In the first phase, transmitter will transmit data to the 

M relays which work on IM. Hence, the received signal 

at the r-th relay can be expressed as (1), 
I

r r r ry h s n                                 (1) 

where rh  denotes the downlink channel between the 

transmitter and the r-th relay. Define I

rs  is the 

information-bearing signal for the receiver. This paper 

assumes that I

rs is independent and identically distributed 

(i.i.d) Circularly-Symmetric  Complex Gaussian  (CSCG) 

random variable with zero mean and unit variance 

denoted by I

rs ~CN(0,1). 
rn is the additive Gaussian 

white noise at the r-th relay which satisfies  * 2

r r rE n n  . 

Entirely, the received signals at all relays can be 

reformulated as (2), 

I

r r rs y H n                                (2) 

where   1

1 2, ,...,
T M

Mh h h C  H  denotes the downlink 

channel between the transmitter and M relays, 

 1 2, ,...,
T

r Mn n nn . 

Then, in the second phase, both of the receiver and 

relays work on IM. Relays’ received signals, multiplied 

by precoding matrix M MR W  as (3), 

I

r r rs x WH Wn                          (3) 

broadcast in the second phase. It should be mentioned 

that W is diagonal, where 

 1 2, ,..., ,...,
T

r Mdiag w w w wW  and rw  is the precoding 

of the r-th relay with information transmission.  

Finally, in the third phase, both of the receiver and 

relays work on EM. Let E

rs  is the energy-carrying signal 

from the relays to receiver. Without loss of generality, 

this paper assumes that E

rs  is independent white 

sequences from an arbitrary distribution with 

 *( ) 1E E

r rE s s  .  1 2, ,..., ,...,
T

r Ma a a aa  , where ra  is 

the precoding of the r-th relay with power transmission. 

The relays broadcast the energy E

rs by precoding matrix 

a . Accordingly, the final received signal at receiver can 

be expressed as (4), 

I E

d r r r dy s s n   GWH GWn Ga               (4) 

where   1

1 2, ,...,
T M

Mg g g C  G  denotes the downlink 

channel between the receiver and M relays; dn  is the 

additive Gaussian white noise experienced at the receiver 

which satisfy  * 2

d d dE n n  . Additionally, this paper 

assumes that all the downlink channels will suffer 

channel estimation errors as (5), 

 G G G ,  G                      (5) 

where 1 MC G  is the estimated channel; 1 MC  G  is 

channel estimation errors bounded by radius  . 

With the channel estimation errors, the receiver has (6). 

( ) ( )

( )

I

d r r

E

r d

y s

s n

   

  

G G WH G G Wn

G G a
      (6) 
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III. JOINT INFORMATION AND POWER TRANSFER DESIGN 

WITH PRESENCE OF CHANNEL UNCERTAINTY 

In this section, this paper aims to minimize the entire 

power consumption at relays while satisfying predefined 

QoS and EH requirements for receiver. The signal-to-

noise ratio (SNR) and energy-harvest-power (PEH) of 

receiver can be expressed as (7) and (8). 

2 2
SNR=

H H H

H H

r d 

GWHH W G

GWW G
                      (7) 

EHP = H H
a G Ga                           (8) 

Hence, our optimization problem can be formulated as 

(9) ,  

 2
min rE
W,a

x                             (9a) 

. . SNRs t                               (9b) 

EHP                                  (9c) 

where   and   denote the predefined thresholds for 

information and power, respectively. 

By introducing ( )diagw W , HZ ww , HA aa , 

and with the help of equalities 

( ) ( ) ( ) ( )H H TTr vec vec XYX W X W Y X , 

( ) ( )Tr TrAB BA  [12] and Semi-Definite Relaxation 

(SDR) technique [13], the relays’ power can be 

transformed as (10). 

   2 2( ( )) ( )H

r M r ME Tr Tr   x Z I HH I A     (10) 

Similarly, SNR and PEH of receiver can be rewritten as 

(11) and (12). 

 
 2

(( ) ( ))
SNR=

(( ) ( ))

H T H

H T

r M

Tr

Tr 





Z G G HH

Z G G I
            (11) 

EHP ( )HTr G GA                                (12) 

Nevertheless, the SNR and PEH of receiver are difficult 

to handle due to the presence of channel uncertainty. 

Therefore, this paper will separately find the lower bound 

of the numerator of SNR and upper bound of the 

denominator of SNR in order to optimize the worst case 

of receiver’s SNR. Then, this paper will find the lower 

bound of PEH by similar method. 

Given 1 2

1

N N
C


X , 2 3N N

C


F , 3 3

2

N N
C


X  and 

2 4

3

N N
C


X , the following equality [11] (13) hold. 

1 2 3

*

2 3 1( ( ) ( )) ( )

H

T Tvec vec   

X FX F X

X X X F F
          (13) 

Furthermore, we define ( )vecf F  and 

*( ) (( ) )H

fvec vec F F T ff , where 
2 2 2 2
2 3 2 3( ) ( )N N N N

f C


T  is 

the transformation matrix formed by ones and zeros. Then, 

(13) can be transformed into (14). 

1 2 3

2 3 1( ( ) ( )) ( )

H

T T H

fvec vec  

X FX F X

X X X T ff
         (14) 

Inserting (5) into the numerator of receiver’s SNR (7) 

and PEH (8), omitting the terms involving second order 

channel uncertainties, the lower bound of SNR’s 

numerator and the upper bound of SNR’s denominator 

can be written as (15) and (16). 

 
*

( ( ))

2 ( ( ( )) ( )

H H H H T H

T

M f

Tr

vec vec

 

  

GWHH W G Z G G HH

HH G I T Z
        (15) 

 2 2 2( ( ))

2 ( ( ( )) ( )

H H H T

r d r M

T

M M f

Tr

vec vec

  



  

  

GWW G Z G G I

I G I T Z
      (16) 

Similarly, the lower bound of PEH can be expressed as 

(17). 

( ) ( ) 2H HTr Tr  G GA G GA GA                 (17) 

Thus, the optimization problem (9) can be 

reformulated as (18). 

  2

,
min ( ( )) ( )H

M r MTr Tr  
Z A

Z I HH I A        (18a) 

 
*

. .

2 ( ( ) ( )) ( )

2 ( ( ) ( )) ( )

H T

M f

T

M M f

s t Tr

vec vec

vec vec





  

  

ZB

HH G I T Z

I G I T Z

 (18b) 

 ( ) 2HTr   G GA GA                         (18a) 

( ) 1rank Z , ( ) 1rank A                         (18a) 

   2( ) ( ) ( ) ( )H T H H T

r M    B G G HH G G I   (19) 

However, the optimizing problem (18) is non-convex 

due to the rank-one constraints (18d) [14]. If we drop 

these rank constraints, and the optimization problem turns 

to (20). 

 2

,
min ( ( )) ( )H

M r MTr Tr  
Z A

Z I HH I A        (20a) 

 
*

. .

2 ( ( ) ( )) ( )

2 ( ( ) ( )) ( )

H T

M f

T

M M f

s t Tr

vec vec

vec vec





  

  

ZB

HH G I T Z

I G I T Z

 (20b) 

 ( ) 2HTr   G GA GA                         (20a) 

To solve problem (20), this paper uses CVX [15], a 

package for specifying and solving convex program. Let 

us denote opt
Z  and opt

A  as the solution obtained from 

CVX. If ( ) 1optrank Z  and ( ) 1optrank A , then we can 

use eigenvalue decomposition to obtain the solutions of 

W and a. Otherwise, the solutions of (20) are only the 

lower bound of (18) and the precoding W and a are not 

guaranteed to be globally optimal solutions. Because, 

there is no guarantee that an algorithm for solving SDR 

73

Journal of Communications Vol. 11, No. 1, January 2016

©2016 Journal of Communications



problems will give the desired rank-one solution [9]. 

Randomization technique [11] will be applied to obtain 

the approximate solutions. Then, we turn to investigate 

the dual problem of (20). 

Let   and   denote the dual variables of (20a) 

associated with the SNR constraint in (20b) and PEH 

constraint of receiver in (20c). Then the Lagrangian of 

problem (20) is expressed [14] as (21).  

   ( , , , ) ( ) ( )

2 ( ) 2 ( )

2

H

ML Tr Tr

vec vec

   

 

 

   

 

 

Z A Z C B I G G A

D Z E Z

GA

(21) 

 2( )H

M r M  C I HH I                       (22a) 

 *( ) ( )H T

M fvec  D HH G I T           (22b) 

 ( ) ( )T

M M fvec  E I G I T                  (22c) 

The KKT conditions for the optimal opt
Z  and opt

A  are 

given by (23). 

, 0opt opt                                                       (23a) 

0opt L 
Z

, 0opt L 
A

                                    (23b) 

( )
0

2 ( ) ( )

opt

opt

opt opt

Tr

vec vec


 

 
  
  
 

Z B

D Z E Z
    (23c) 

 ( ) 2 0opt HTr    G GA GA                 (23d) 

Form the KKT condition (23b), we have (24). 

 1( ) ( )

4

T T opt T

opt

opt

mat  



 


D D E E C B
Z     (24a) 

 1( )

4

T
T opt H

Mopt

opt





 


G G I G G
A                 (24b) 

where opt  and opt  are optimal solutions of the dual 

problem, we define the Lagrange dual function as (25). 

,
( , ) min ( , , , )g L   

Z A
Z A                 (25) 

Since , 0opt opt   , ( , , , )L  Z A  is convex in Z and 

A, so the Lagrange dual function can be rewritten [12] as 

(26). 

( , ) ( , , , )opt optg L    Z A                 (26) 

The Lagrange dual problem associated with the 

problem (20) is (27). 

0, 0
max ( , )g
 

 
 

                            (25) 

Gradient descent algorithm is used to solve the 

problem (27), which is stated in Algorithm. 1 Shown in 

Table I: When 
opt  and 

opt  are achieved, opt
Z  and opt

A  

can be obtained by (24a) and (24b). 

TABLE I: GRADIENT ALGORITHM 

Algorithm 1: Gradient descent algorithm for finding opt  and opt  

1: Initialization: 

Initialize the dual variables (0) , (0)  and maxk . 

2: Compute 
( , )dg

d


 


K  and 

( , )dg

d


 


K . 

3: Update: 
( 1)k k

    K  and ( 1)k k
    K , where k  and   are 

the k-th iteration and step size.  

4: Termination: 

The algorithm termination when ( ) ( )( , )k kg    converges, i.e., 

( ) ( ) ( 1) ( 1)( , ) ( , )k k k kg g       , or when maxk k , where 

 is a predefined threshold and maxk  is the maximum iteration 

number. 
5: Output: 

( )opt k  , ( )opt k  . Else, 1k k  , go to step2. 

IV. SIMULATION RESULTS AND ANALYSIS 

Numerical results are demonstrated in this section so 

as to verify the effectiveness of our proposed method. 

Due to [16], [17], for Wireless Local Area Network 

(WLAN) communications is adopted with a carrier center 

frequency of 470 MHz. The directional joint transmit and 

receive antenna gain is 10 dB. The reference distance of 

the path loss model is 2 meters, the distance between 

transmitter and receiver is 2 kilometers. The relays are in 

the middle of transmitter and receiver. The wavelength of 

the carrier signal is 0.6 meter which is smaller than 1 

kilometer. Thus, the far-field assumption for the channel 

model in [16] holds. The small scale fading coefficients 

between the transmitter-receiver and the relays are 

modeled as independent and identically distributed 

Rayleigh random variables. The corresponding 

shadowing effect is assumed to be 0 dB. Without loss of 

generality, we assume that the additive Gaussian white 

noise power are 2 2 100 dBmr d     and M = 2. The 

simulation results are averaged over 10000 channel 

realizations. In all the results, the probability of non-rank 

one solution is about 60%. 

First, we investigate the power consumption versus 

different SNR and PEH thresholds of (20) in Fig. 3. The 

non-robust precoding scheme corresponds to the case of 

setting 0   in (20). Form Fig. 3, we can observe that 

with fixed   and  , the robust precoding scheme will 

always consume more power than the non-robust 

precoding scheme, which is reasonable since the worst-

case is considered in our robust scheme. Besides, as the 

thresholds become tighter, for both of the robust 

precoding scheme and the non-robust precoding scheme, 

more power consumption is expected which is in 

consistent with our analysis. Randomization technique is 

also be applied to obtain the approximation solutions 

which is showed in Fig. 3. However, such comparison 

cannot show the actual performance of robust precoding 

scheme. The actual performance will be illustrated in Fig. 

4, Fig. 5. 
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Fig. 3. Performance of relays’ power under different SNR and PEH 

constraints 

 
(a) 

 
(b) 

Fig. 4. Performance of receiver’s SNR under different schemes 

 
(a) 

 
(b) 

Fig. 5. Performance of receiver’s PEH under different schemes 

We examine CDF of the receiver’s SNR and PEH with 

distinct values of  ,   and   in Fig. 4 and Fig. 5. With 

fixed  ,   and  , we can observe that for robust 

schemes the distribution of all receiver’s SNR will be 

more concentrated, and for robust schemes almost all of 

receiver’s PEH will be larger than non-robust precoding 

schemes and preset thresholds, synchronously. 

Additionally, since our designed precoding vectors are to 

constrain SNR and PEH of receiver for the worst-case 

channel error which is unique, it cannot be guaranteed 

that our designed precoding vectors are also effective to 

other channel errors. 

V. CONCLUSION 

This paper proposes a two-hop co-located robust 

precoding optimization design with presence of channel 

uncertainty in SWIPT radio relay networks. It aims at 

minimizing the sum power consumption of relays while 

satisfying certain prefixed QoS and EH requirements of 

the receiver. Finally, simulation results verify the 

effectiveness of our design compare with the non-robust 

precoding design. It is also important to devise and 

examine the operation policies for the multi-hop relay 

networks at future. 

ACKNOWLEDGMENT 

This work is supported in part by National Natural 

Science Foundation of China under Grant No. 61471236. 

The authors would like to thank the reviewers for their 

detailed reviews and constructive comments, which have 

helped to improve the quality of this paper. 

REFERENCES 

[1] I. Krikidis, S. Timotheou, S. Nikolaou, G. Zheng, D. W. K. 

Ng, and R. Schober, “Simultaneous wireless information 

and power transfer in modern communication systems,” 

IEEE Communications Magazine, vol. 52, no. 11, pp. 104-

110, Nov. 2014. 

[2] Z. Ding, C. Zhong, D. W. K. Ng, M. Peng, et al., 

“Application of smart antenna technologies in 

simultaneous wireless information and power transfer,” 

75

Journal of Communications Vol. 11, No. 1, January 2016

©2016 Journal of Communications



IEEE Communications Magazine, vol. 53, no. 4, pp. 86-93, 

April 2015. 

[3] P. Grover and A. Sahai, “Shannon meets tesla: Wireless 

information and power transfer,” in Proc. IEEE Int. Symp. 

Inf. Theory, Jun. 2010, pp. 2363-2367. 

[4] X. Lu, P. Wang, D. Niyato, D. I. Kim, and Z. Han, 

“Wireless networks with RF energy harvesting: A 

contemporary survey,” IEEE Communications Survey & 

Tutorials, vol. 17, no. 2, pp. 757-789, May 2015. 

[5] X. Zhou, R. Zhang, and C. K. Ho, “Wireless information 

and power transfer: Architecture design and rate-energy 

tradeoff,” IEEE Transactions on Communications, vol. 61, 

no. 11, pp. 4754-4767, Nov. 2013. 

[6] H. Ju and R. Zhang, “Throughput maximization in wireless 

powered communication networks,” Wireless IEEE 

Transactions on Communications, vol. 13, no. 1, pp. 418-

428, Jan. 2014. 

[7] R. Zhang and C. K. Ho, “MIMO broadcasting for 

simultaneous wireless information and power transfer,” 

IEEE Transactions on Wireless Communications, vol. 12, 

no. 5, pp. 1989-2001, May 2013. 

[8] M. R. A. Khandaker and K. K. Wong, “Robust secrecy 

beamforming with energy-harvesting eavesdroppers,” 

IEEE Wireless Communications Letter, vol. 4, no. 1, pp. 

10-13, Feb. 2015. 

[9] Z. Xiang and M. Tao, “Robust beamforming for wireless 

information and power transmission,” IEEE Wireless 

Communications Letter, vol. 1, no. 4, pp. 372-375, Aug. 

2012. 

[10] D. W. K. Ng, E. S. Lo, and R. Schober, “Robust 

beamforming for secure communication in systems with 

wireless information and power transfer,” IEEE 

Transactions on Wireless Communications, vol. 13, no. 8, 

pp. 4599-4615, Aug. 2014. 

[11] M. Zhang, J. Huang, H. Yu, H. Luo, and W. Chen, “QoS-

Based source and relay secure optimization design with 

presence of channel uncertainty,” IEEE Communications 

Letter, vol. 17, no. 8, pp. 1544-1547, Aug. 2013. 

[12] R. A. Horn and C. R. Johnson, Matrix Analysis, Cambridge 

University Press, 1985. 

[13] Z. Q. Luo, W. K. Ma, A. M. C. So, Y. Ye, and S. Zhang, 

“Semidefinite relaxation of quadratic optimization 

problems,” IEEE Signal Processing Magazine, vol. 27, pp. 

20-34, May 2012. 

[14] S. Boyd and L. Vandenberghe, Convex Optimization, 

Cambridge University Press, Mar. 2014.  

[15] CVX Research, Inc. (Sep. 2012). CVX: Matlab software 

for disciplined convex programming, version 2.0 beta. 

[Online]. Available: http://cvxr.com/cvx 

[16] IEEE P802.11 Wireless LANs, TGn Channel Models, 

IEEE Std. 802.11-03/940r4, May 2004. 

[17] H. S. Chen and W. Gao. MAC and PHY Proposal for 

802.11af, Tech. Rep., Feb. [Online]. Available: 

https://mentor.ieee.org/802.11/dcn/10/11-10-0258-00-00af-

mac-and-phy-proposal-for-802-11af.pdf 

 
Daoxu Zhang obtained the B.S. degree 

in 2013 and is currently pursuing M.S. 
degree program in Shanghai Normal 

University. His research interests include 

SWIPT, small-cell and green 

communication in radio network. 

 

 

 

 
Meng Zhang received the B.S. and M.S. 

degrees in electronic engineering from 

Southwest Jiaotong University, Chengdu, 

China,
 
in

 
2007

 
and

 
2010,

 
respectively,

 
and

 
he

 
received

 
the

 
Ph.D.

 
degree

 
in

 
Shanghai

 
Jiao

 
Tong

 
University

 
in

 
2014.

 
Currently,

 
he

 
is

 
with

 
Sharp

 
Laboratories

 
of

 
China

 
Co.

 
His

 
research

 
interests

 
include

 
relay

 
systems,

 
interference

 
mitigation

 
and

 
cooperative

 
communications.

 

 
Li

 
Li received the B.S.EE. degree from 

Tsinghua University in 1985, the 

M.S.EE. degree from China Research 

Institute of Radiowave Propagation in
 

1988, and Ph.D. degree in science from 

Peking
 

University
 

in
 

1997.
 

Prof.
 

LI’s
 

research
 

interest
 

is
 

currently
 

at
 

the
 

wideband
 

spectrum
 

sensing,
 

spectrum
 

allocation
 

and
 

interference
 

alignment
 

algorithms
 

in
 

heterogeneous
 
cognitive

 
radio

 
network.

 

 
Hanwen Luo received B.S. degree from 

Shanghai Jiao Tong University, 

Shanghai, China, in 1977. He
 
is a full 

Professor with the Department of
 

Electronic Engineering, Shanghai Jiao 

Tong University, Shanghai, China. He
 

held several positions including Vice 

Director of Shanghai Institute of
 

Wireless Communications Technology and Vice Director of
 

Institute of Wireless Communication Technology in Shanghai 

Jiao Tong University. He used to
 
be the leading specialist of

 
China 863 high tech program on Beyond 3G wireless 

communication systems and China 973 high-tech program on
 

the researches of
 

military
 

equipment.
 

His
 

research
 

interests
 

include
 
mobile

 
and

 
personal

 
communications.

 

 

76

Journal of Communications Vol. 11, No. 1, January 2016

©2016 Journal of Communications




