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Abstract— In this treatise, we investigated the application of a severe performance loss [11], [12]. Furtunately, thetjoin
singular value decomposion (SVD) assisted multiuser tramsis- 7F and joint BD based transmission schemes are capable of
sion in a multicell scenario. The SVD based scheme is Capablecompletely elimitating the interference, which is in castr

of completely removing the cochannel interference, simildy to . . . ..
the classic zero forcing (ZF) based and block diagonalizati to the residual interference experienced after joint MMSE o

(BD) aided schemes. Two different power allocation schemese SLNR processing.

investigated for both SVD, ZF and BD based multicell transms However, the joint ZF based transmission results in several

21 recuced complexiy. Nonethelese, i aways outperformihe. P2rellel single input single otput (SISO) channels, which

ZF based schemep due 'to the joint re'ception ):)f theptransmitted results in a pgrformance loss cpmpared to the joint c_ietgecth

symbols. of the transmitted symbols. Joint BD based transmission is
capable of generating several parallel single user maltipl
input multiple output (SU-MIMO) systems, facilitating the

. INTRODUCTION joint DL detection of parallel streams in the transmitted\\0

Multiple input multiple output (MIMO) systems are capabl&YMPOIS. Hovyevre]r, ahspecifi(I: drawback of thijoint lBD_”k:sed
of supporting high-rate, high-integrity transmission. [tjten- transmission is that the resultant SU-MIMO channel will éav

sive research efforts have been dedicated to single-usdiMI to be t_astimated by each MS [1_4]’ which may imppse_an
(SU-MIMO) designs [2], [3]. For multi-user MIMO (MU- excessive complexity. Recently, singular value decontjposi

MIMO) systems, spatial division multiple access (SDMA SVD_) based multi_user transmission has_ be_en developed in
(fellterature for single-cell systems, which is also c#épab

has been proposed, where each user’s unique channel e . h ; lel
information (CSI) is used to distiguish them. Furthermane, of decomposing the MU-MIMO system into parallel SU-

order to simplify the receiver’s design at the mobile stautio'v”'vIO systems, enabling the joint detection Of_ the transenitt
(MS) in the context of downlink (DL) transmissions, tramsmisu'l\/”'vIO symbols [15]. Naturally, the effective SU-MIMO

preprocessing has been proposed to move the part of ﬁ%@mnel is entlrely_d_etermmed by eaf:h MS’s own channel,
required signal processing from the MS to the base statigﬁnce no exira tramlng or overhead is needed compared to
(BS) [4]-[7]. BD ba§ed transmssion.

In the simple single-cell scenario only intra-cell integiece !N this paper, we extend the SVD-based MU-MIMO trans-
has been considered [5], [6], but owing to frequency reud8iSSion from the smgle-cell case to the multlcell_ scenario
inter-cell interference is imposed by the other cells [8].  Furthermore, the achievable system performance is eealuat

Recently, multiple base station (BS) aided systems ha%qonjunctlon with two different power allocatlon. schemes
attracted substantial attention [9]-[13]. It has been shoWferived for both the BD, SVD and ZF based multicell trans-
that for a multiple cell system, the achievable system pdRiSsion schemes.
formance can be substantially improved, if cooperative BSs
are invoked [9], [10]. For the DL of cooperative BSs, various
joint transmission schemes have been proposed. The dtaina

system capacity was approached by the so-called dirty paper_et us assume that there afé cochannel mobile users

.(D.P) precocyng [9]. However, due to its complexity, IIr]ea([:\rbitrarily distributed in the DL of a multicell system, Wit
joint transmission schemes may be more preferred, such as

joint zero-forcing (ZF), joint minimum mean square error,  being the number of receive antennas at each MS and

. o : ... N, the number of adjacent cochannel BSs in the system,
(MMSE) based DL processing, joint block diagonalization ith V; being the number of transmit antennas at each BS,

(BD), and joint signal to leakage plus noise ratio (SLNRespectively as in Fig. 1 for a scenario associated With=

ba;sftﬁ:aogizsggat['li]’B[Slzal"ded DL svstem. each MS ma 6( = 3. Assuming non-dispersive or flat-fading conditions,
perativ i y : y (?Hj,k(j =1,---,Ny,k = 1,---,K) be the small-scale

able to synchronously receive its own signal from differe gding channel matrix characterizing the channel betwegn B

BSs. However, the interference is essentially asychron0u§O MS k having zero-mean, unit-variance complex-Gaussian

and ignoring this asynchronous interference may result %erﬁtries, and letz;;, be the corresponding large-scale fading
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timix projects, as well as that of the EPSRC UK is gratefultkreowledged. fadlng.

Il. SYSTEM OVERVIEW



Furthermore, the all signal vectar received by all thekK
MSs from all N, Bs can be expressed as

y:[y17y27"' 7yK]T (9)

azpHzp

Let us assume that the rows &, (k = 1,2,...,K)
have full rank, i.e. we have rarffl;,) = N, and thatM >
Zszl Ny, is satisfied. Then, upon carrying out the SVD of
H,, we arrive at

Hy, = Uy [A)/2 0] V]

~oufa] [ 7 |

—UA/PVE, (11)

,,,,,,,,,,,,,,,,,,,,,,,,

whereU, andV, are (N x Ni)-component andM x M)-
component unitary matrices, respectively. Furthermdxg,

is a (Np x Ng)-component diagonal matrix contain-
A. SVD Based Multicell Transmission ing the eigenvalues ofHkaH, i,e. we have A, =
diag{ k1, Me2, -+, Akn, }- Finally, Vs in (11) is an(M x

Ny )-component matrix, which is constituted by the eigen-
vectors corresponding to the non-zero eigenvaluel $H .

By contrast,Vy, in (11) is an(M x (M — Ny))-component
d;, = P.Brxs, (1) matrix, which is constituted by the eigenvectors corresiiog

. . . to the zero eigenvalues dikHHk. Similarly, U, consists of
where P, is an (M x Nj)-element preprocessing matrixy, eigenvectors off , HY
i

with M = N, x Ny, which is responsible for cancelling the - . .
multiuser interference (MUI), hence resulting in an effest Upon substituting (11) into (9), we arrive at
SU-MIMO system. Furthermore} is a (N, x Nyi)-element y = UAl/QVfPﬂz +n, (12)
diagonal matrix hosting the power control coefficients.

The signal transmitted from alV, BSs to all K MSs can where we have
be expressed as

Fig. 1. System overview of multicell cooperation aided srarssion.

Let us assume that thé&/;,-compoment DL transmitted
signal vector destined for thieth MS is given byz; and that
in the case of BS cooperation, we preprocessccording to

UZdi&dUl,Ug,"' 7UK]7

K K
d=> di.=> PiBz; = Ppz, e A =diagAs, Ag, .., Ax],
k=1 k=1 Vs = [V157V253 T 7VKS]7
where we have T
n= [n{,n; ,n:’ﬂ (13)
P:[P11P27"'7PK]7 (3)

In (13) U and A are (Zszl Ni % Zszl Nk)-component

= dia ,Ba, e, =diagsi, 3o, - -, , (4 . . .
B 4B1. B> Bl 951, B s, nob € )matrlces,Vs isa (MxYrK, Nk)—component matrix and
and = is a ZkK:1Nk -component vector containing the™ is an AWGN vector,lwhich is Qaussian distributed with
zero-mean and a covariance matrixatls-xc .

transmitted data, which is given b
g Y For SVD based preprocessing, the preprocessing matrix

z=[z],2],... ,x?{]T. (5) can be set to be [15]
Now the signal vectog; received at theith MS from all P—vHIT —v. vHV.] ! 14
N, BSs can be expressed as V] « [Vi'V] (14)
yr = Hid +ny, (6) where we have
=Hyd + Hy Y _dj +ny, ) Ve=[Vi,Vas, -+, Vi (15)
#k

+ .
where the(N,, x M)-element channel matri&l, is given by and [V]" denotes the pseudo-inverse of the mafiX'.
Consequently, the resultant signal received atktie MS is
Hy = a1 H1k,a2:Ho g, - an, tHn, k] (8) given by
and n;, represents theVi-element AWGN vector having a 1/2
zero mean and a covariance matrix Bfnnf] = o2Iy,, Yu = Uk "Bray +np, k=1,2,..., K. (16)



Ill. THE ACHIEVABLE MAXIMUM TRANSMISSIONRATE

The major difference between multi-cell and single-ce
transmission is that the power constraints have to be cens
ered on a per-BS basis, i.e. the average transmit power of
jth BS is limited byP;.

For multicell transmission, the preprocessing matrix for t
kth MS can be expressed as

Pk:[P£17P£27"'7P£Nb]7 (17)
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where the(N; x Nj)-dimensional matrixP ; is the prepro-
cessing matrix configured for transmission from ftie BS to
the kth MS.

Furthermore, let thé N; x Zk 1 Ni)-dimensional matrix
P’ denote the preprocessing matrix configured for transm..
sion from thejth BS to all thek” MSs, which is glven by Fig. 2. Average Capacity versus average SNR performanc8EgrSVD

P — [P1 i P, i Py j] (18) and ZF based Multicell Transmission for the case of three 8fsksthree MSs.
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which represents the preprocessing matrix configured fgrder the constraint of
transmission from thgth BS to all theK MSs.
In order to meet the per-BS power constraints, we have toTracd@g” P P] = =™ 32[p" P, < S Pr(22)
satisfy
- - T Then, the power allocation matrix is scaled by a factop.pf
H H
Trace{Pjﬂza:H,BHPj ] = Trace{,B,BHPj Pj] which is given by

> Ni,
— 21pH ¢ - . P;
= ; Gi [Py Pjlii < Py, (19) RS ML Ny SN e (23)

where [prj]i,i is the ith diagonal element of the matrix 1herefore, the maximum achievable average rate of this

[PHP ] and Tracé) denotes the trace of the argument. scheme is obtained by

The maximum achievable average transmission rate per usef £l
cale § § 0 1 + A 24
per antenna is given by Sealed ZK w 2im i loga (1 oz Awfi;).(24)

K
1 1
Rsvp = m‘mﬁ Z loga|I N, + ;UkAIIC/QIBiAIIC/QUkH| B. Grouped Suboptimal Power Allocation
k=1"Vk =1
Another suboptimal power allocation policy is to divide the
= max% Z logs|In, + %Ai/zﬂi/‘i/ﬂ transmitted symbol vector intd;, groups, where each symbol
Y ope1 Nk o g of the same group is assigned the same power coeffigignt
1 K 1 and the power vectow = [uy,--- ,un,]? assigned tp all the
=mar —p—— ZlogQ|INT + —zﬂiAk| MSs can be expressed as [11].
> k=1 Nk iT3 g
K Ni u=Q 'P (25)
1 1 ’
= mar———— loga(1 4+ = A\if7,) (20)
25:1 N, ; ; o? ’ where@ is an (N, x N)-element matrix given by
under the constraints of (19). H o
The above optimization problem may be solved for example, TTP(}fUP(l’l) TTP(}fNHP(l’Nb)
by the interior-point method as recommended in [13]. How- Q- TrPoyPey - Trls ) Pem)
ever, since it can be complex to deal with, we resort to a less™~ : : ’
complex suboptimal solution in this paper. TTP(}JIVb,l)P(NbJ) TTP(vab,Nb)P((Nb,Nb)

(26)
A. Scaled Suboptimal Power Allocation
‘\;(‘vJ]ereP(l ;) is the precoding matrix configured for DL trans-

First, the so-called scaled power allocation is consider
[13]. In this case, the power allocation is performed firtjy mission atith BS to thejth group of transmitted data. In the
X cenario where no feasible solution exists, all the symaads

assuming that all BSs can jointly pool their power, i.e. thaCc®! S
maximum achievable average rate is obtained by assigned the same powg which is given by [11]

K Ny p;

ﬁQ =mn i=12... Ny —————F = - (27)
Rjoint = loga(1 + /\kﬂ ) (22) I=RE N S NP P
b Zk 1Nk ;Z ’ & Zi:lk T



V. CONCLUSIONS
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In this paper, we investigated the extension of SVD based
multiuser transmission from the single cell case to the imult
cell scenario, where the multiple BSs may cooperate during
their transmissions. We also compared the SVD based BS
. cooperation to the corresponding BD and ZF based schemes,
while using different power allocation policies. The BD bds
scheme is capable of achieving the best performance, while
the SVD based scheme is suboptimal. However, the BD based
. scheme requires extra training for generating the effectiv
SU-MIMO CsSl, while the SVD based scheme avoids this
requirement. Hence, the SVD based scheme is less complex
20 2 %0 than the BD based one.

~
T

)
T

5.
T

Average Capacity (bits/per channel use)

-
T

o

[S)
o

15
SNR in dB
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