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Abstract—MIMO (Multiple-Input Multiple-Output) transmission
technologies with multiple antennas at both transmitter and

(Multiple Access Interference). Because the MAI degrades the
performance of MIMO transmission, several methods that can
data transmission in wireless communications. Unfortunately, the reduce the co-channel interference are proposed for the uplink
MIMO performance in multi-user radio access systems can be and the downlink of multi-user radio access systems [1]-[4].
degraded due to the interference from inner and outer cells. In  The downlink in particular requires higher transmission
this paper, we propose a novel MIMO transmission method for capacity than the uplink because the main application at the
the downlink of mobile radio access systems in multi-cell/multi- downlink is web browsing or file downloading. Therefore, it is
user environments. The proposed method uses whitening filters more important to develop MIMO transmission methods for
the downlink than the uplink. Previous works on downlink
transmission methods for multi-user MIMO systems consider
only inner-cell interference as the inter-user interference.
Keywords; Multi-user MIMO system, Multi-cell environments,  However, the outer-cell interference is also a significant
Whitening filter, Inner and outer cell interference reduction problem in multi-cell environments. This paper proposes a
novel MIMO transmission method for the downlink of mobile
radio access systems in multi-cell/multi-user environments.
MIMO (Multiple-Input Multiple-Output) transmission tech- The proposed transmission method uses whitening filters [3] at
nologies offer ultra high-speed data transmission with mUItipkF)oth the transmitter and the receiver to reduce the interference

antennas at both the transmitter and the receiver in wireleﬁ%m inner and outer cells, respectively. We evaluate the
communication systems and have attached much attenti%rformance of the proposed transmission method
because they can increase system capacity within the same

frequency bandwidth. Researches on MIMO transmission have |l. PROPOSEDMULTI-CELL/MULTI-USERMIMO SYSTEMS
mostly assumed single-cell/single-user environments. Howev%r,
multi-user MIMO systems (in which multiple users

communicate with a radio base station at the same frequency As shawn in Figure 1, the proposed system places a spatial

and the same timing) are being considered in order to introdug!eter at each transmitter (Ba.se §tat|on) to reduce.the |nner_-cell
MIMO transmission technologies to multi-user radio accesgnterferencew and a spatial filier at each receiver (Mobile

1ij 1
systems. Such systems, however, will suffer from MAlstatlon) t.o reduce the outer-c.ell mte_rfererwéj,. Here, the
superscript H denotes matrix conjugate transpose. The
A portion of this work is sponsored by the Strategic Information and

Communications R&D Promotion Program (SCOPE) of the Ministry of proposed system is designed for multi-user MIMO systems in
Internal Affairs and Communications of Japan.

receiver are attracting attention for realizing ultra high bit rate

at both the transmitter and the receiver to reduce the
interference from inner and outer cells, respectively. We evaluate
the performance of the proposed transmission method.

|. INTRODUCTION

System model




multi-cell environments. By the way, there are various MIMOthe k-th cell, BS #, to the receive antennas at M3, #( The
transmission methods [5] such as V-BLAST [6], STBC-MIMO data transmitted to each MG(¢) is multiplied at the BSi#by

[7], Space Division Multiplexing with MLD [8] (where the both the antenna weight matriX, for MIMO eigenmode
MIMO channel state information (CSI) is not used at theransmission and the spatial filter mat@¥ . for reducing
transceiver), MIMO eigenmode transmission (where the CSI iB1AI from the inner cell. Moreover, the transmitted data vector
used at the transceiver) [9], [10] and so on. In this paper, wef each MSs,(¢) is also multiplied by scaling factay; in

apply the MIMO eigenmode transmission method as MIMCQorder to hold the average transmitted power constant, because
multi-stream transmission method. As shown in Figure 1, ithe norm of the weight matrix combiné¥, ;andV,, |W, .V, |,
this paper, the CSI matridi, is defined as the matrix is not always a unit quantity (=1). On the other hand, the signal
consisting of the CSI from the transmit antennas at the basector received at each antenna of each#8) is multiplied
station (BS) in the-th cell, BS #, to the receive antennas at theby both the spatial filter matriW,ff,. to reduce multi-cell
Jj-th mobile station in thé-th cell, MS #{(, j). The number of interference and antenna weight mafdg for separating and
MSs per cell is/ , the number of transmit antennas of each BSletecting the multiple streams sent to each MS.

is N, , and the number of receive antennas of each M is

On the other hand, CSI matr&, ; is defined as the matrix

consisting of the CSI from the transmit antennas at the BS in

N, Antennas MS #(, 1)

N, Antennas Y
Y V¥ Y H.
ceea il
Antenna  Spatial Y
weights filter
% —>] 1 *1(0) ‘<1(’)
' : — >
“fl(l) . Vll . Wz,il . \‘? Gk ;1 Spatail filter ! Antenna weight
—»l —»(l ‘? {r?treorfuetl?er;\iee”reduction : Igneslr%ﬁgg:)%de
for eigenmod * for MAI ' Nr Antennas .
transmission i: reduction ' \ MS #(, J)P
o Yl
s,(1) vy . W K Y
o N _.
- G . x, (1) (D)
Base Station (Inner-cell} # kil Mobile Stations
' i, k1 '
' )
; YV..¥ Y N, Antennas w15 44, 1)
Antenna  Spatial
Weights Filter
oy —> p >(+
. —> &
5a(0) A Val VWl \A+l>
1o
for Eigen-mod: « for MAI '
transmission : reduction :
% —>]
' —>
5,,(0) Ve | Y]
a, EREY -
Base Station (Outer-cellk#

Mobile Stations
Figure 1. System model
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N, Antenna cell/multi-user MIMO system shown in Figure 1 can be

transformed into several parallel independent equivalent

N, Antennas
Y VY T H

for eigenmodg
transmission

single-cell/multi-user MIMO systems without outer-cell
interference shown in Figure 2.

Antenna Weights

for eigenmode

N Antennas;  wansrission () Egch MS feeds back the CSI matrix including the
MS #(, J)

whitening filter coefficients at the downlinkH =
W" H ., to the BS. Accordingly, each BS can obtain the

[/

CSI matrices of all MSd  in the inner cell.

Base Station (Inner-cell Mobile Stations (3) From the obtained CSI matricés , each BS estimates
the transmltter spatial correlation matrices of the inter-cell
T e s by vy er e vy Imerterence ), , for all MSs in the inner cel and
(i=1,...K). calculates the whitening filter coefficients at the
transmitterW, . for the all MSs in order to reduce the
N, Antennas NA”te’;”"’Ef) MS #6..) inner-cell interference (see appendix in detail). The
s"fi» I Y ’! r,(0) whitening filter at the transceiver of each Bg,;, also
\ J ij ] L 5 transforms the inner-cell interference into uncorrelated
E Vil q v Gaussian noise. This means that the equivalent multi-user
N ﬂ I ! é > MIMO systemshown in Figure 2 can be transformed into
H'=H'W .. x,(f) several parallel, independent, equivalent single-user
Base Station ! - awll;l, U _ Mobile Station MIMO systemswith the MIMO channel of each user
s H= oW/ HW,, shown in Figure 3 (HereafteHf’
Fi_gure 3 Equivalent single—ce_ll/single—user MIMO transr_nissi_on model called the * equ|va|em MIMO channel matrix’ ) Therefore,
without inner-cell and outer-cell interference by using whitening filters at the . i . .
receiver and the transmittér=1,....K ,j= 1,..J ) the multi-cell/multi-user MIMO system shown in Figure 1
is equivalent to the single-cell/single-user MIMO system
B. Basic concept of proposed model shown in Figure 3. By using the equivalent model, we can
Our proposal uses whitening filters as the spatial filters €asily assess various MIMO transmission methods for
W, , W/ in order to reduce the inner-cell and outer-cell ~ Mmulti-cell/multi-user MIMO systems.

1,ij

interference at the downlink of mobile radio access system%

The

receiver thermal noises into white Gaussian noises in the

follo

)

1 rij

MIMO eigenmode transmission
whitening filters transform the interference and the
As described in the above section, we apply MIMO eigenmode

transmission [9], [10], which can maximize the MIMO channel
capacity; the multi-stream transmission method is one example.
Each MS estimates the receiver spatial correlation matrig MIMO eigenmode transmission, transmitter weight of each
Ru; ; of the outer-cell interference including the thermalyser, v, , and receiver weight of each usé’rj’ , can be derived
noise at the receiver and calculates the whitening fI|t€by Singular Value Decomposition (SVD) of the equivalent

coefficients W', from the correlation matrixR(;), in  MIMO channel matrix, H/ . The equivalent MIMO channel

order to reduce the outer-cell interference (see appendix iatrix H/ s also expressed @&/ =U,2 V)", whereZ,is
’ [ v

detail). The whitening filter at the receiver of each MSithe diagonal matrix composed by the non-zero singular values

" . . . . .
W, . transforms the outer-cell interference intoof H7, U, andV, are the left and right singular matrices of
uncorrelated Gaussian noise. This means that the multigg”  respectively

ij o :

wing three steps.
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TABLE 1.

SIMULATION PARAMETERS

Number of BSs

K=2

Number of MSs per cell

J=2

Number of transmit antennas per BS

N, =4

Number of receive antennas per MS

Channel model

N, =4

i.i.d. (mutually independent quas
static flat fading for all users)

Multi-stream transmission method

MIMO eigenmode transmission

Modulation

QPSKX 2 [streams/user]

Channel estimation

Ideal (Perfect CSl at TX and RX)

Transmit power per user

Equal power

Average received SNR

Equal level for all users

Desired signal to Undesired other-c
interference signal Power ratio (DUR

ell
) Equal level for all users

I1l. SIMULATON MODELS

This paper evaluated the proposed MIMO transmission method
by computer simulation. The simulation models are as follows.

IV. SIMULATION RESULTS

In this section, simulation results are provided to demonstrate
the Bit Error Rate (BER) performance of the proposed
transmission method. The following methods were examined
under the same conditions:

(i) Without whitening filters (“w/o W.F. ")

(i) With whitening filters at the transceivers (“with W.F. at
TX only”)

(i) With whitening filters at both the transceivers and the
receivers (“with W.F. at TX and RX", the proposed
transmission method)

Figures 4 (a) and (b) show the BER performance
characteristics of the MIMO eigenmode transmission that uses
1st and 2nd eigenmodes, respectively. The dotted lines
represent case (i), the dashed lines represent case (ii), and the
solid lines represent case (iii). In case (iii), error floors are not
en in the SNR region from 0 [dB] to 20 [dB] because of the
reduction in the inner-cell and outer-cell interference. In case
(i), no error floor is seen with 1stgenmode transmission in

Table 1 shows the simulation parameters. The number @fe SNR region, but an error floor is seen with 2nd eigenmode

BSs K is 2, and the numbe
number of antennas at each

r of MSs per céll, is 2. The
BS (transmit anten¥a$ 4 and

the number of antennas at each MS (receive antemWais) 4.

transmission because the outer-cell interference was not
reduced. In case (i), error floors are seen with both 1st and 2nd

eigenmode transmission because the inner-cell and outer-cell

We assume that the channels of all users are mutualjierference was not reduced. For example, with 2nd
independent quasi-static flat fading channel, drawn from i'i'deigenmode tranmission, only case (jii) can achieve the BER of

Rayleigh distribution with unit-variance for each channel entry g2

Thus, whitening filters can improve the BER

The BSs use MIMO eigenmode transmission for multi-streamerformance of MIMO transmission in multi-cell/multi-user
transmission. All the BSs transmit two QPSK modulated subspyironments.

streams per user with equal powers using, respectively. In this

paper, we assumed that the transmit signal power per user, theF
average DUR (the ratio of desired signal power to undesire(aq
outer-cell interference signal power at the receiver) and th

average

antenna are all the same value for all MSs in order to simplif
the performance evaluation. Here, the DUR was set to 15 [dB

received SNR (Signal-to-Noise-power-Ratio) per

igures 5 (a) and (b) show the BER performance
aracteristics of the MIMO eigenmode transmission that uses
%st and 2nd eigenmodes, respectively; the parameter is DUR.
Here, DUR =« means that outer-cell interference does not
exist. Cases (ii) and (iii) achieve the same BER characteristics
gecause outer-cell interference is not present where DUR =

On the other hand, when outer-cell interference does exist
(DUR=# ), the BER characteristics of case (ii) are different
from those of case (iii). In case (ii), error floors are seen with
both 1st and 2nd eigenmode transmission because the inner-cell

interference was reduced while the outer-cell interference was
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not. On the other hand, in case (iii), error floors are not seen V. CONCLUSIONS

because the inner-cell and outer-cell interference are both this paper, we proposed a novel MIMO transmission method
reduced. However, the BER characteristics are degradddr the downlink of multi-user radio access systems in multi-
because outer-cell interference is increased when the DUR fallell environments. The proposed transmission method uses
At 1st eigenmode transmission with DUR =5 dB, case (iii) cawhitening filters at both the transmitter and the receiver to
improve the required average received SNR satisfying theeduce the interference from inner and outer cells, respectively.
average BER at df0” by about 3 dB compared with case (ii). We evaluated the proposed method by computer simulation.
Thus, whitening filters at both the transmitter and receiver arghe simulation results clarified that the whitening filters can
very effective in reducing the inner-cell and outer-cellimprove the BER characteristics of MIMO transmission in
interference for multi-cell/multi-user MIMO systems. multi-cell/multi-user environments.
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uu,ij !
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