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Improved MMSE Scheme in Cooperative Base Station Systems
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Abstract: This study addresses minimum mean square error scheme used with asynchronous interference
mitigation in cooperative base stations. The asynchronous transmission is considered owing to the dissimilar
transmission times between the base station and mobile stations. Furthermore, the channel quantization errors
due to channel quantization are taken into account. The suggested model is resilient to asynchronous
interference and channel quantization errors associated with base station cooperative systems. The developed
scheme outperforms the conventional ones found in literature as demonstrated.
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INTRODUCTION

While the capacity gains in point to point
(Foschim and Gans, 1998, Huaiyu et al, 2004) and
multiuser (Catreux et al., 2001) Multiple Tnput and
Multiple Output (MIMO) wireless systems are significant.
But, they are very hmited due to mtra and inter-cell
co-chammel  interference (Huaiyu et al, 2004
Catreux et al., 2001) in cellular network. To mitigate this
limitation on the cellular downlink and achieve MIMO
capacity gains, recently, it has been shown that Base
Station (BS) cooperation (Ng ef af, 2008) mn which
different BSs together transmit signal for different
Mobile Station (MSs) can significantly improve spectral
efficiency. One of the key strategies in cooperative cells
15 to design the precoding using the CSI for mitigating the
mterference and maximizing the sum rate.

The theoretical analyses of BS cooperation often
assume that the multiple BSs can be modeled as a single
glant BS with more antennas. The optimal sum capacity of
MIMO broadcast channel is given by Dirty Paper Coding
(DPC) (Costa, 1983). Due to high complexity of DPC, more
practical precoding techmques are MMSE (L1 ef al., 2000),
ZF and BD precoder which mitigates the mterference
between each user (Spencer et al., 2004; Pan et al., 2004).
Most of the literatures on multi-cell cooperation assume
that full CSI of all the active users 1s available at the
transmitter side. Considering, the more practical system,
the perfect CSI at the transmitter is impossible. So, the
limited feedback has much effect on performance of
system. Meanwhile, limited feedback 1s a key factor for
precoding design. The performance of zero-foreing based
on limited feedback in a downlink channel (multiple
transmit antennas, single antenna per receiver) is studied
(Jindal, 2006). Similar to the Jindal (2006), the performance

of BD with limited feedback was studied for multiple
receiver antennas (Ravindran and Jindal, 2008). There are
other literatures that study the delay limited feedback
caused by the channel estimation, quantization and
feedback process (Shi et al., 2011; Bhagavatula and
Heath, 2011). Research on practical cooperative BSs has
obtained more altentions.

Asynchronous interference should not been ignored
in cooperative BSs systems. When dealing with multi-cell
environments, a crucial assumption often made is that
both the deswred and interfering signals amive
synchronously at each user. However, the interference 1s
inherently asynchronous (Zhang et al., 2008). Perfect
timing advance mechanisms can ensure that the signals
from the BSs arrive at their mtended recipients
synchronously. However, the BSs cammot also align all
the interfering signals at each user MS because of the
different propagation times between the BSs and MSs. So,
it 1s unrealizable that both of desiwed and interfering
signals arrived at MSs simultaneously. To the best of the
knowledge no robust precoding has been designed for
cooperative BSs with asynchronous interference.

In this study, researchers design a robust precorder
for the the multi-user in cooperative BSs systems
with asynchronous interference and limited feedback
simultaneously. This new design is based on MMSE for
mitigating asynchronous interference. Researchers first
calculate the expected MSE cost function conditioned on
asynchronous interference and limited feedback. Then, by
minimizing the MSE cost function, the new robust MMSE
in closed form 15 obtained.

Notation: A" is the conjugate transpose of matrix A. B():
tr(A) Al stands for the expectation operator,
respectively.
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SYSTEM MODEL

Asynchronous Interference Model: Considering the
downlink of a multi-user MIMO n cooperative multi-cell
system with B BSs, each BS has N, transmitter antennas
and K active users with N, receiver antennas. Each
user receives L, data streams simultaneously where
L, <min{BN, N.}. For simplicity, 1t 1s assumed that all the
MSs have the same number of data stream equal to N..
Let, s, the data streams of user k and E[s,s} |=1, . The data
vectors of a user k are mdependent with unit average
power. Moreover, the data vectors of a user k are
independent over time. As for the data vectors of different
user, they are also independent.

Due to different transmission delay between BSs for
user k, the asynchronous nterference must exist in
cooperative BSs System. With the perfect CSI at the
transmitter side and interference signal asynchronous, the
multi-user mterference 1s not ammulled completely and the
received signal of user k 1s:
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Desired signal 1=k
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HP e ™ whose elements are complex Gaussian
random vaniables with umt vanance 1s channel matrix from
BS b to user k. s, is transmitted signal for user k. T%, is
precoding with perfect CSI for the user k in BS b. n, is the
complex Gaussian noise with E[n,n?]-1, .

i) = p(3Y To)s,(m) + p(E)s,(mi) +1)

denotes the asynchronous interference at MS k from the
signal transmitted by BS b for MS j. m*, and m"¥+1 are
the two consecutive symbols. m and n are discrete time
indices. In general, unless required, researchers will drop
the time index.

p(r) = [ g(glt-nydt

g(t) is the matched filter, &’ =1’ modT:, T, is the symbol
period, ¥ represents the difference between the time
when user k receives its mtended signal and the time
when interference from BS b while transmitting to user j

arrives at user k. The correlation between i®,

' and 1% is:
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and the detail of property of p%*? can be seen in
(Zhang et al., 2008).

Limited Feedback Model: In this study, researchers
introduce the Quantization Channel Model for MIMO
system  with limited feedback. According to
Ravindran and Jindal (2008), the quantized CSI #, can be
decomposed as:

A, =H, + XY, +8,.7, (2)
where, X, eC™™ is unitary matrix. Z,£C """ denotes an
upper triangular matrix with positive diagonal entries and
satisfies w(Zz,)=d*(H,H,). Y,eC™" is upper triangular
matrix with positive diagonal elements and satisfies
YLY, = L,-Z, Z . S,eC™ is an orthonormal basis for an
isotropically distributed N, dimensional plan in the N-N,
dimensional left nullspace of #,. Sc, the broadcast
channel H, can be decomposed by:

H, =(H, (1, 22,0 +8,2,), R, =LA, +8,B, (3

where, R, -diag(JA,). A, is a diagonal matrix consists
of N, non-zero unordered eigen values of:

H,HY A, =, -ZfZ,)"R,, B, =Z,R,

Assume a random codebock of size 2°
{Ravindran and TJindal, 2008), i.e., W =W, .., W, which
is known at both the transmitter and the receiver. Each
user quantizes its channel to one of the vectors in the
codebook where Q is the number of feedback bits. The
quantization of a channel matrix Hy, i.e., 1, is chosen from
the codebook W according to the minimum distance
criterion:

D= E[min dZ(Hk,W)}

Each user feeds back the mdex of W to the
transmitter. For large Q (Ravindran and Tindal, 2008),
the distance D has an upper bound D, ie,

— INQIaY

D<D=— 4~

T(CNF Nr)—IJTZ—QJT

where, I'(.) 18 the gamma fimction, T = N (N,-N,) and Cr.x,
is given by:
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Researchers consider the interference signal asynchronous and the imperfect CSI at the transmitter side, the signal
of user k can be expressed by:

ZH(h)T(h)S + ZZH(h)T(hjl(k +n, =H, T WXy, ZZH(b)TJ(h) ® +1, @
b=l =1 b=t j=1 4

Desired signal Ik I=k

Multivser asynchronaus
interference signal

SES ()r(b): (b)
ZZHk TJ L
=1 ]=

J#
represents the multi-user asynchronous interference with limited feedback. T is precoding with imperfect CSI for the
user in BS.

ROBUST MMSE PRECODING DESIGN

In this study, taking into account asynchronous interference and channel quantization error, researchers propose
robust precoding under MMSE criterion. Given the channel model described mn study, researchers are interested in
desigmng the procoding at the BS to mimimize the following MSE object function:

MSE, :E[Hsk-yk ||;}
e s : (5)
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Six terms in right side of Eq. 6 is calculated, respectively (Appendix A), researchers obtain the MSE, that be given

by:
2}
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Proof (Appendix A): Then, MSE cost function can be defined as:

{Tk(b)m}k:l = arg min ZMSEk st tr{"f‘lfbm"flfb)} =p (8)

{Tk}k 1 k=1

P 15 the transmission power of per BS. The Lagrange Multiplier Method 1s used to solve problem and the Lagrangian
functions 1s constructed as:

f({i“lf“}i) MSE, + A [tr{ZTm“T(b)} Pj ©)

h=1

where, A, is the Lagrange multiplier. Taking the derivative of f({T“P'} ) with respect to T | researchers have:

af 8 8 B .
W a(T(b))MSE +Wk{tr{bz=;Tf)“Téb)}-PJ (10

For the first term in Eq. 10, researchers take derivative of each term in Eq. 7. Researchers use the following property
of matrix derivative: Stri{ AX¥3(X) = A" and M AXBX"/a(3) = BX"A:

r
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According to Ravindran and Jindal (2008), p5*? =1, so Eq. 14 can be rewritten as:
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Then, researchers combmne @<4> and 2<3> the following equation can be obtained:
(") a(t")
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The <6> m Eq. 7 can be calculated as:

<6
o(t®

_ _WB—1IQII((IJ)H (18)

)

Researchers have finished the derivation of the first
term 1n Eq. 10, the second term in Eq. 10 15 calculated as

follows:
d B oiin R
| T@MT““}-PJ—-A TV (19)
6(Tk(h)) k[ {; K e ki

Finally, substituting Eq. 11, 12,13, 17 and 18 into
Eq. 10, researchers obtain the value of:

A
o) )
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B R

- f Tnpt
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to zero, the optimal MMSE precoding T,
asynchronous interference and limited feedback can be
expressed as:

under

-1
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Where:
o_[1 ND_NND
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the sub-matrices ci*? are given by:

K
C}({b,bz) — B—ZE Bg;,bz) (Agb)HHj(b)HHEbZ)AEbZ)) (21)
1=1

By further considering the power constraint in
problem Eq. 8 then researchers take 3f/3p = 0 and combine
with Eq. 20, the optimal P can be obtained as:

(22)
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where 1) 18 the transmit power normalization factor given

by:

[ P
n= - 2
NP N.D N, .
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F
(23)
So, the optimal MMSE with asynchronous

interference and limited feedback can be obtained as:

-1
LY ~ ~ N.D N,
Tk(h) " —T'I[Hl(gh)HHgJ) + e1 (N;Nr) IN. +91?IN| + 9192] HEJ)H
(24)
NUMERICAL RESULTS

In this study, simulation results are employed to
show the proposed MMSE scheme with asynchronous
interference and limited feedback on the downlnk
transmission of coordinated communications. Each
terminal is equipped with N, = 2 receive antennas and BS
have antenna N, = 2. The symbol period T, 15 1 psec.
There are K = 2 users in the simulations. The number of
cooperative BS is B = 2, the modulation scheme used is
BPSK.

Figure 1 presents the sum rate of the proposed
scheme and MMSE neglected asynchronous mterference
versus the average SNR for Q = 8 and 16 bits. Researchers
mainly consider two schemes, one is traditional MMSE
1gnoring asynchronous interference and another is the
proposed scheme that MMSE mitigates asynchronous
interference. Researchers plot the sum rate of proposed
MMSE scheme and traditional ignoring asynchronous
interference for compare. It 1s shown that the proposed
MMSE scheme has higher sum rate than traditional
MMSE ignoring asynchronous interference with feedback
bit Q = 8 and Q = 16. This is because that if the
asynchronous mterference 1s ignored in practical system
(but 1t must be exist), its performance must be worse
compare with proposed MMSE which has mitigated
asynchronous interference. Researchers also observe that
the sum rate mcrease with increasing number of feedback
bits Q. Because the more feedback bits is the more
precise the channel quantization is. Of cowrse, the
performance of perfect CSI must has higher sum rate
compare with proposed scheme, since it i1s an 1deal
condition.
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Fig. 1: Sum rate considering asynchronous mterference Fig. 2: Uncoded BER  comsidering  asynchronous

and limited feedback mnterference and limited feedback
In Fig. 2, it presents average uncoded the Bit Error CONCLUSION
Rate (BER) as function of SNR with asynchronous
mterference and Q = 8 and 16 bits. [t can be observed that In this study, a novel MMSE precoding scheme for
proposed outperforms the traditional MMSE ignoring cooperative base stations has been introduced. Tt has
asynchronous  interference.  When  asynchronous been shown that the new MMSE scheme outperforms its

mterference 1s account for or neglected, the BER  predecessors both in terms of sum rate as well as BER.
15 decreased with increase the number of feedback  Moreover, the mnew scheme proved resilient to
bits. asynchronous interference.

APPENDIX

Appendix A: Researchers can easily get that E{HSIH;} -, and ﬁ"E{"m, H:}=E'“N' . For the third term in Eq. 6, researchers substitute the Channel Quantization
Model Eq. 3 into 6:

E 2 E B
T et e N R e
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E B . . . . H
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t)ﬁ_zE{tr[i ZB: (P DARIEP s, s H AL HECH L BPSIE s sHT("Z)Hs("”*B(“)H))}
bl=1h2=1

(a) follows that is independent of A and B and &[s]-0 . There are two cases in Eq. 25, so it can be further calculated as:
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The first term in Eq. 26, using, tr(A+B) = tr(A)YHtr(B), <7~ can be rewritten as:

B
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(b) follows that Ay = (Ty,-ZH 7R, it further can be expressed as:

B E
<7>:B‘2(NrIL;D)t{ T I"_I)(chlilsh)-iﬂ]c(h)Hﬁg)HJ+B—2E{ " [ 3 B)E“’sl?)if")sksf‘T]E*"Hsf’“B2’)“J}
. b1Zb2
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<7> follows B{rRF)- N1, o E{Z’Z?}=NRI“" The fourth temm in Eq. 6 can be calculated by:
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L

2
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The fifth and sixth in Eq. 6 can be further calculated by:

EB: EB: ﬁ(bl b2y (H(bl A(bl)T(bl)T b2)HA(b2)HH(b2)H )}

B - B (e} E - - B . -
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b=l b=l

b=1 b=l

‘f.ﬁ—l[ { [Z (DAY T("))} v Etr[i O A PEEH D (30)

b=1 b=l

Loaupt R{t{i(H“’ T("))H

b=l

(c) follows that &,-H,4,+55 and (d) comes from § is independent of A and B and gs) - 0. (¢) holds because ma)-gq1, - 727,)8,) = yi,,
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