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Abstract: Problem statement: Multiple Input and Multiple Output (MIMO) systemitlt Multihop
relaying techhnique is significant and active aredsireless communication. In a rich scattering
environment MIMO antenna system provides betternobh capacity and data rates than single
antenna systems. To provide high throughput, ridiagtansmission and broad coverage, wireless
relaying techniques are essential in a varietypgliaations. In a cellular environment a relay ¢an
used to overcome shadowing effect due to obstaciésnultihop relaying can improve the throughput
for mobiles suffering from poor signal to interfaoe, noise ratio at the edge of a cell and redetie ¢
size to increase spectral efficiené&pproach: This study analyzes average mutual informatiothef
Ricean channel for single hop Multiple Input MuldOutput (MIMO) system for different antenna
configuation and dependence of capacity on the Racéor for cellular system. The asymptotic
capacity of multiuser two-hop MIMO system with Réggiration Block Diagonalization (RBD)
precoding techniques for Indepenent Identicallytilisted (I1ID) channal and realistic Mobile to
Mobile fading channel model was examined. In théalistic model, Non-Line-Sight (NLOS)
propagation conditions are assumed from source lshition to mobile relay and also from mobile
relay to destination station. A non regenerativephify and Forward (AF) relay is used to optimize
the capacity between the source and destinatioraksodthe evaluation was made for multiuser multi-
hop relay system with correlated fading channel ehaging RBD precoding matriResults: The
simulation results for average mutual informatidnsogle hop MIMO relay system for different
antenna configuration with ricean channel modejpdic sum mutual information for two hop relay
system with RBD precoding technique and mutual rimition results for multiuser multihop relay
system with correlated channel model was presen@hclusion/Recommendations: Cellular
systems generally operated at a fairly low SINRaltdan be increased on each hop by adding relays.
Multiuser two hop relay system with RBD precodirgg fealistic mobile to mobile fading channel
model is simulated and compared with [ID channedetoMultiuser Multi-hop relay with optimal
precoding and RBD precoding technique results veeralyzed for correlated fading channel and
found that capacity offered by RBD precoding schésrbetter than other relaying systems.

Key words. Amplify-and-forward, mobile to mobile fading chamnenultihop relay, correlated
channel, regularization block diagonalization, MINgstem, relay network

INTRODUCTION corrupted signal appears at the receiver. In otder
overcome this problem, wireless systems must use
In MIMO system both transmitter and receiver aresophisticated transmission and receiver processing
provided with more than one antenna. MIMO performstechniques. In Cellular systems, Signal to Interiee
well in scattering rich environment. For rich sesdtitg  and Noise Ratio (SINR) at the mobile user is lonewh
environment channel it is possible to increasedéia  the user is at cell edges. So Multihop relaying and
rate by transmitting separate information streams oMIMO techniques are used to improve spectral
each antenna. MIMO system is a key technique irefficiency of cellular system (Jacobson and Krzymie
modern cellular system which provides high spectraR011). MIMO transmission can improve the capacity
efficiency and good coverage. Wireless system mustithin a given bandwidth by considering advantagie o
have reasonable throughput with acceptable erter ra rich scattering in a typical wireless channel (Fsic
but due to fading, multipath propagation, high algn and Gans, 1998). MIMO system provides, higher
losses and interference, a strongly attenuated anghpacity gains at high SINR, but cellular system
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operates at low SINR level leads to poor at ceffesd (Tarighatet al., 2003; Wanget al., 2005) is another

In multihop relaying (Schultet al., 2003; Irnichet al., approach, but it does not have any limitationsthumn
2003; Bolukbasiket al., 2004) inculsion of transitional number of transmit antennas and potential for geeaf
wireless relays between transmitter and receiver, tBlock Diagonalization (BD).

reduce the path loss. SINR can be increased Isjngla Relaying is another technique used to improve the
short hop link which reduces the path loss and als@erformance of wireless system, in terms of cowerag
avoid the obstacles. This provieds to obtain hidim 54 throughput. According to 3GPP (Akyildét al.,
capacities and reliablity due to low random signal201o), the use of relay will provide the improversen
fluctuation and scattering. This higher SINR level,  y5ia rate, throughput enhancement and coverage
increased the MIMO performance. extension. The distance between the base statidn an

In both uplink and downlink transmission multiple the UE is separated into distance from the bagmista
antenna elements are used at the base station a{bc?

terminals to increase the capacity and data ragst-N start(iaciiy ?eTg fg)nrg rjgilr;cr)]sur::if Fg\:vgmt'gsr'glg tmsl b
generation cellular systems will have large numndfer ' Y P ' y

users with very high data transmission rates andl®l located m_the_swtgble location. The reduct|(_)rpujwer

is the best tool for increasing spectral efficienaly consumption is aC|eveo! through the Iowenr_lg ththp
wireless transmission (Sayatial., 2009). The MIMO 0SS, enhanced relaying schemes and interference
technologies are mainly used in cellular syster tu control. This redu_ctlon in power consumption also
the existance of spatial diversity and beam forniihg  lowered the operational costs.

knowledge of Channel State Information (CSI) atebas S ]

station is essentialiy needed to improve the thnpug ~ Single hop relay system: Considering single hop relay

of cellular System_ Multi-antenna techniques |nml SyStem with M transmit antennas, N receive antennas
multi user scenario delivered the spatial data tand the standard MIMO model described by M x N
different users by utilysing all the degrees @fefiiom matrix H. Elements of matrix H is a random varegbl

in MIMO system. In Single-User MIMO, in addition to which captures the stochastic nature of wireless
beamforming, transmit diversity and spatial channel, consists of both Line of Sight (LOS) armhN
multiplexing techniques are also adopted forLine of Sight (NLOS) conditions as given below:
transmission. This will help to increase the peakru

data rate in higher-order MIMO system. K, 1
H= lTKr LOS lTKrHNLos (1)

MATEIALSAND METHODS

. In Eq. 1, Hos is the rayleigh distributed scattered
MIMO with relay system: The MIMO relay scheme t with unit ; is the Li f
is supported both in uplink and downlink of the component with unity variance. b is the Line o

. : . _sight component and its elements are deterministic.
wireless system. The channel state information 9 o5 has maximum rank.gs = min (M, N) but in

assumed to be known by the receiver.In multiuse ractical system ks is rank deficient and has ranks
system multiple number of users are present at the 1 (Paulrajet al., 2003: Saloet al., 2006). Kr
_sourcef_mde.olln .thel\;ljﬁwl\;wg ifa Use_r E_qude:jEX . represents rice factor, defined as the ratio of groiw
IS~ configured in ) transmission mode, It o specular component to the power in the scaltere

receives the mformat!on only about its own preogdi ._component. The capacity of a MIMO link is given in
matrix. The transmit power level for each user 'SEq 2

configurated in long term manner to support thehéig
order modulation like 16QAM and 64 QAM. Zero- _ +
Forcing is the most common precoding technique inC_ E[ 'ng(de( k+pHH /N)ﬂ @
which the weight vectors are selected as the pseudo
inverse of the channel matrix of the users to avoidvhere,p is the Signal to Interference and Noise Ratio
interference (Poongodi and Shanmugam, 2011; Cair€SINR) at the receiver determined by transmit power
and Shamai, 2001; Viswanathah al., 2003). Dirty path loss and antenna gain agdslthe identity matrix.
Paper Coding (Costa, 1993) is another multi-useiThe capacity is maximum for full rank channel matri
precoding strategy based on interference prebut Hos is usually low rank in practical systems. The
subtraction, however the high computational problemow rank Hos and high Rice factor, disintegrate the
occurs when large number of users in the systetimeat considerable amount of energy in fewer eigenmades
same time. For designing the beamforming vectorsti and hence reduced the capacity. Monte Carlo
precoding by maximization of signal to leakageaati simulation with large number of samples used tdl fin
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the average capacity of MIMO system. However, ¢Sal The system model for two hop wireless relay is
et al., 2006) provides average mutual information forshown in Fig. 1. The source, relay and destination
Ricean MIMO channel E[IH] with rank 1 line of sight nodes are equipped with M, N and L antennas

component and it is given by Eq. 3: respectively. By considering the system having with
; _ line of sight between source and destination dygath
E( )<log, 1+§i[gj (KKP)’X(P—WQ{K_J.] (3) loss. The modulated signal vector at tffe user is
H viFo\ M p-] linearly precoded by precoding matrix. The slotrseu
transmits precoded signal to relay and is giveEgy7:
— mi _ 1 -
where, K = min(M, N),b= K i1 p = max(M, N) and y=H,Fs+ n @)

r

(n), is the Pochhammer symbol given by (5 ) ) ) .

n(n+1).....(n+p-1) andg= 1 (Jacobson and Krzymien, Where, y is received data and n is zero mean aediti

2011). white Gaussian noise at the input of receive artgnn

In Multihop system, base station transmits data tof N€ joint precoding and decoding matrices are dzhot

Mobile Station at the cell edge through Relay 6tmti Py F and G respectively. This MU-MIMO system uses
The cell radius (r) is divided inta.gsie., equally spaced RBD, Regularized = Successive Optimization THP
relays and Rps K = Mhops K = 1, 2, ..., Rps IN @ MH (RSO-THP) precoding and lterative Regularized BD
MIMO system, there are,gschannel matrices, each k hop (IRBD) precoding techniques (Young, 2009).

has M, k transmit antennas and N, k receive an¢erina Here an Amplify and Forward (AF) relay is used

designation and is given by Eq. 8:

K"hops
K ”Lrggsk Y=Hx,+V, (8)
hops._hops {12 0PSO @
1 " where, % = Ry, H, is the IxN channel matrix between
ops LA . .
+ WHNLOS,k relay and destination,, ks relay amplifying matrix and
1+K V, is complex white Gaussian noise vector with zero
mean (Khandaker and Rong, 2010). In this study
Where: analysis was made for ergodic capacity of two hop
yis = Averaged path gain relay system with RBD (Tang and Hua, 2007)

precoding techniques for independent identical
] ) distributed and Mobile to Mobile fading channel
Rice factor Kr(x), is represented as: models (Batool and Patzold, 2011).

K (x) = 0 b< x<5,000m (5)  Multiuser multi-hop relay system: The multi-access
r 15-3-0-003X 0me x< b system with Nu users simultaneously transmitting
information to a common destination node through L-
From Eq. 5, elements of channel matrix arerelay node is shown in Fig. 2 (Yue and Xiang, 2011)
modeled as Rayleigh random variables when b < ¥he Mx1 modulated signal vectoy at the ' user is
<5,000 m and Ricean (with Kr >0) when 20 m < x < b. linearly precoded by the }M; user precoding matrix
B; and the precoded signal vectoexB;s is transmitted
Multiuser two hop relay MIMO system: In multiuser  to first relay node (Todingt al., 2010). The signal
MIMO system, assumed that number of users (Nu) argeceived at the first relay node is given in Eq. 9:
present at the source side afidiser has Mi antennas (i
=1, 2 ...Nu). The total number of transmit antennas

K = Rice factor for R hop. In this channel matrix,

Nu
N Y =2 GX Y =HX +Y, 9)
M=>'M, and the channel of"iuser is denoted by N
- . ) . where, Gis NjxM; MIMO channel matrix between the
H, 0C"** . The combined channel matrix for all users is st relay node and the™iuser, v is independent

given by Eq. 6: identically distributed additive white Gaussian Sgoi
vector at the first relay node, the equivalentt finep
H=[H H] L ]T 0o ©) MIMO channel (H1) 2G; G, ...Gy, J and % = RS where

F, is equivalent precoding matrixbd(B, B, ... Byy).
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The input output relationship at tHe felay nodes The sum mutual information of the users-destinatio
is given by Eq. 10: channel is given in Eq. 13:
Xy = Fj+1yj'v j=L..L-1 (10)

. -1
L L : . 1
where, £, is the amplifying matrix afIrelay node and ~ M! =log |N0+E1(F1HHT){Z[“DL(HE 'g")]’f'm} O(HF) (13)
y; is signal received df felay node written as Eq. 11: LR

L R e (11) where[1d and ( )* denote matrix determinant and
inversion respectively (Veljko and Martin, 2008her
optimal structures of user precoding matrix)(Bnd
relay matrices in the form of singular value
) o o decomposition is given by;B Ug; Ay, i = 1,...N,and
matrix from all users to the destination and igigsen F = U AyVE,, j = 2,....L. This result is more

by A:ﬁ(HiFi)and assumed that instantaneousgeneral, since it holds for multiuser scenarios by
. considering MIMO relays.

where, H is the MIMO channel matrix of"lhop. The
received signal vector at destination node is gikgn
y, =As+V where A is the equivalent MIMO channel

Channel State Information (CSI) is available ortlyhe
destination node, but CSI is unknown at all usemd a
all relay nodes. In realistic channel MIMO chanitel
correlated at both transmitter and receiver sideth®e
instantaneous channel matrices can be represeated a The addition of multiple relays in single hop

RESULTS

Eq. 12: MIMO system for Ricean channel model, shorten the
hop distance, reduces path loss and scatterings Thi
G, :(pr“eiw(q“iz, i=1,2,..N effect is very much helpful in a single hop linkfdre
v w (12) analysing the entire network. The frequency of
H =q H"6, j=2..L operation is 5.8 GHz. The SNR is varied from 0 to
30dB.
Where: _ _ _ The average mutual information fox44 and 6x 6
G andHj' = Gaussian random matrices with IlD zero MiMO and link with full rank HNLOS and rank 1 HLOS
mean and unit variance channel is shown in Fig. 3 and 4 respectively. Gdmacity
6;and6,; = Correlation matrix at the transmit and dependence on Rice factor and antenna configuration
receive side of Hespectively shown in Fig. 5.
@;andg = Correlation matrices at the transmit and  Rice factor in cellular systems ranged from 3-
receive side of G 20dB, however it is in the steep reduction of cé#tgac
level. Figure 6 shows mutual information calculatio
M antennas T s - for multiuser two-hop relay system with RBD
v 4 vV V v v precoding matrix for 1ID and M2M fading channel
Q00 —_— 600 = ooo model

(e ) ]

Fig. 1: MIMO AF relay networks with M source, L
relay and N destination antennas

S
1 i

X W v, v
sli_"yl }E’H; » . ‘ _‘H‘: . &;L

Average mutual information (bfs/Hx)

/G 3 5
Sx SINR (db)

Fig. 2:Block diagram of an Nu users L-hop relayFig. 3: Average mutual information for X4) Ricean
system MIMO hop
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Fig. 4: Average mutual information for (6x6) RicddhMO hop
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Fig. 5: Average mutual information for a Ricean MIMhop for SINR = 10dB
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Fig. 6: Mean capacity of two hop relay system for &nd realistic channel model
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Fig. 7: Ergodic sum mutual information of Multiusaulti-hop relay system with correlated fading model
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Fig. 8: Mean capacity of multiuser Multihop relggsem with optimal and RBD precoding technique

Ergodic sum mutual information of multiuser mulogh ~ dependence of capacity on rice factor and antenna
relay system with correlated channel environment ionfiguration revealed that more antennas offehdrig
shown in Fig. 7, where relay at each level performcapacities, although the capacity loss occurs with
linear precoding on their received signal prior toincreasing Kr. In two hop and Multihop relay systalh
retransmitting to the next level. Figure 8 showsuwal  Nu users have same number of antennas, all reldgsno
information for multi-hop relay system with optimal and destination nodes are outfitted with same numbe

and RBD precoding technique. antennas (i.e., Nj=N, j = 1,2,...L). By assumirgattall
users having identical transmit power gi = P/NUredhy
DISCUSSION nodes with same transmission power P (j = 1,2,...L),

the mutual information of system increases with bem
Cellular systems usually operate at a moderatelyf relay elements.

low SINR as seen in Fig. 3 and 4, however the rate
advantage due to MIMO is very less at low SINR leve CONCLUSION
The SINR increased on every hop by adding relays,
simultaneously the increase in Kr reduces the MIMO  Multiuser two hop relay system with RBD
capacity gain. From the Eq. 5 indicated that Ksti# precoding for realistic mobile to mobile fading ohal
around 10 in a distance of 100 m and thus lower thenodel is simulated and compared with IID channel
MIMO gain without lost the gain completely. The model by using non-regenerative Amplify and Forward
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relay (AF) scheme. Multiuser Multi-hop relay with Paulraj, A., R. Nabar and D. Gore, 2003. Introdurcti
optimal and RBD precoding technique results are to Space-Time Wireless Communications. 1st
compared with correlated fading channel and found Edn., Cambridge University Press, Cambridge,
that the capacity obtainable by RBD precoding sahem UK., ISBN-10: 0521826152, pp: 277.

is better than other relaying systems.
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