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Abstract—In this paper, we develop linear interference align-
ment (IA) approach for multi-input-multi-output interference
broadcast channel (MIMO-IBC). Since multiple data streams
from each base station (BS) to multiple mobile stations (MSs)
experience identical channel, it is hard to ensure the rank
constraint to the intended MSs in the desired cell meanwhile
ensure the interference aligned at the unintended MSs in other
cells. Considering the difficulty in aligning interference at the
receiver in MIMO-IBC, we design a transceiver to align and
eliminate the interference at the transmitter. Specifically, we
first design receive vectors of all MSs to align the inter-cell
interference at the BS side, and then design the precoder of
each BS to eliminate all the intra- and inter-cell interference.
The proposed approach can be applied for general MIMO-IBC
and has closed-from solutions for some antenna configurations.
Simulation results validate our analysis and show that the
proposed IA transceiver can achieve the maximal degrees of
freedom of MIMO-IBC and attain a good trade-off between the
maximal number of data streams and signal-to-noise ration gain.

I. INTRODUCTION

Inter-cell interference (ICI) is a major bottleneck to achieve
high spectral efficiency of universal frequency reuse cellular
networks, especially for multi-input-multi-output (MIMO) sys-
tems. When multiple base stations (BSs) share both the data
and the channel state information (CSI) among each other,
coherent BS cooperation transmission, i.e., network MIMO,
can improve system throughput remarkably [1]. If only CSI
is shared, such a system setting becomes an interference
broadcast channel (IBC) when each BS transmits to multiple
MSs with same time-frequency resource and an interference
channel (IC) when each BS transmits to a single MS, in the
information theoretic terminology.

Interference alignment (IA) provides a novel solution to
manage the ICI in the interference channels. It has been shown
that in a MIMO-IC each cell can achieve 1/2 degrees of
freedom (DoF) using the principle of IA [2]. Encouraged by its
great potential, significant research efforts have been devoted
to both the DoF analysis [3—5] and the TA transceiver design
[6-10] recently.

Priori studies mainly focus on the IA for IC [6-8]. Inspired
by the exciting results for the DoF of the two-cell MIMO-
IBC [3], we are interested in IA for MIMO-IBC systems. The
IA algorithm for IBC is more complicated than that for IC,
since the alignment of ICI at the receiver of a mobile station
(MS) does not ensure the alignment at other MSs [9]. Until
now, only a few studies have designed the IA transceivers
for MIMO-IBC [9-11]. In [9, 10], two closed-from linear IA
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algorithms were designed for two-cell MIMO-IBC with a
special number of transmit and receive antennas. In [11], a
weighted minimum mean squared error (MMSE) method was
developed for a general MIMO-IBC, which requires iteration
between the transceivers at the BSs and MSs.

In this paper, we provide a unified linear IA approach
for general MIMO-IBC with either symmetric or asymmet-
ric antenna configuration in each cell. Different from priori
closed-form algorithms that develop IA transceiver for a given
dimension of interference subspace, we develop IA transceiver
to achieve maximal DoF, or equivalently to employ minimal
antenna resources. Instead of directly extend the TA transceiver
in MIMO-IC to MIMO-IBC, we exploit the inherent feature of
MIMO-IBC. Considering the difficulty in aligning interference
at the MS sides, we propose to design the IA transceiver
where the MSs first align the ICI at the BS side, then the
BS eliminates both intra- and inter-cell interference. Existing
closed-from IA algorithms [9, 10] are special forms of the
proposed method. Simulation results show that the proposed
IA transceiver can achieve the maximal DoF for MIMO-IBC
and achieve a trade-off between the maximal number of data
steams and signal-to-noise ratio (SNR) gain when either the
BSs or the MSs have redundant antennas resources.

II. SYSTEM MODEL

Consider a G-cell MIMO-IBC, where BS; equipped with
M; antennas simultaneously transmits d; ,--- ,d; «, data
streams to its K; MSs each with N, ,--- ,NiKl_ antennas,
i =1,---,G. Assume that there are no data sharing among
the BSs. The total number of data streams in cell 7 is d; =
ZkK:il d;, and the overall number of data streams in G cells
is d°t =% di =25 S s,

Assume that every BS and MS have the CSIs of all links as
in the priori literature [10, 11]. In downlink transmission, BS;
employs an M, xd; precoding matrix V; = [V;,, - »Vixi] to
convey the symbol vector z; = [z, - ,ziTKi]T, where V;, €
CMixdiy and z;, € C%x>! respectively denote the precoder
and symbol vector for MS;, satisfying Tr{Vi V..} =d;, and
E{zf'z; } = Pd;,, and P is the transmit power of each data
stream.

The desired symbols of MS;, can be estimated as

G
iik = UZHik,iVixi + Z UiHik7jijj + Ufinik (D)
Jj=1,j#i
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where U;, € CNix X%k is the receive matrix of MS;,, H;, ; €
CNik XMJ is the channel matrix from BS; to MS;, whose
elements are independent and identically d1stributed (i.i.d.)
complex Gaussian variables with zero-mean and unit variance,
n;, € CVix*1 is a zero-mean additive white Gaussian noise
(AWGN) vector with variance 072” the first term consists of
both desired signal and multiuser interference (MUI) that
comes from MSs in the same cell (i.e., intra-cell interference),

and the second term is ICI.

III. TA TRANSCEIVER DESIGN FOR MIMO-IBC

To develop an IA transceiver to achieve the maximal DoF
of MIMO-IBC, we first investigate the IA feasibility.

A. IA Feasibility for MIMO-IBC

The linear IA conditions for MIMO-IC were first introduced
in [6] and later investigated by many recent works such as
[4,5], which include an interference-free constraint and a
signal space rank constraint. Similarly, from (1) the linear IA
conditions for MIMO-IBC are

UIH;, ;V; =0, Vi#j
UHHZM

rank Vi
H
Ui Hiy i

(2a)

=d;, Vi (2b)

The first equation guarantees ICI-free at each MS. The second
equation suggests that we need to reserve enough spatial
resources for transmitting the desired signals in cell 7, which
is automatically satisfied with probability one in i.i.d. MIMO
channels [4,6] when rank(V;) = d; and rank(U,, ) = d;, .

From the IA conditions, we can study the IA feasibility.
The necessary conditions of feasible IA for MIMO-IBC can
be directly extended from that for MIMO-IC by applying the
knowledge of algebraic geometry and field theory as in [5].
However, the sufficient conditions can not be extended from
that for MIMO-IC due to the unique channel characteristic
of MIMO-IBC where multiple data streams to different MSs
from one BS experience the same channel response. After non-
trivial derivation in [12], we obtain the necessary and sufficient
conditions for some special G-cell MIMO-IBC systems in the
following.

Suppose that all MSs have the same number of data streams
di, = d, M; and N;, are divisible by d and the channel
matrices H;, ; are generic (e.g., drawn from a continuous
probability distribution), we can achieve the required number
of data streams {Kd,---,Kqgd} for G cells if and only if
the following conditions are satisfying

M; > K;d, Vi (3a)

N, >d, Vi k (3b)
> OKi(MJd—EK)+ Y > (N /d—1)

i:(i,j) €T J:(i,5)ET KER;

> Z Ki|K;|, VIC J (3¢)
(i,9)€T

where J = {(i,j)|1 <i# j <G} K; C{1,...,
|IC;| denotes the cardinality of /C;.

When each cell has the same number of transmit and
receive antennas, i.e., M; = M and N;, = N, based on the
above necessary and sufficient conditions and some tedious
derivations in [12], we obtain the maximal achievable DoF in
MIMO-IBC' for given d, i.e.,

M, VN =d
2r.nm{M7 [(M+N—d)/2|},VG = Q,VN < d
min {GM,M + N —d}, VG > 2

“)

In order to investigate how to achieve the maximal DoF, we
design the transceiver for the given number of data streams
with the minimum number of antennas satisfying (3a)~(3c).

K;}, and

dtot —

B. Transceiver Design

Here, we design the linear IA transceiver for the G-cell
MIMO-IBC system where all MSs have the same number of
data streams d, M; and NN;, are divisible by d. For brevity,
we introduce the transceiver design through a case of d = 1,
which is not difficult to extend to general cases of d > 1.
When d = 1, the receiver of MS;, reduces to vector u;, .

1) Transceiver Design Order: Note that, there are two kinds
of interference alignment. When the interference is aligned
at the receivers by designing proper precoders, the receivers
can eliminate the aligned interference. This is referred to as
IA at the receivers (IAR) in this work. If the interference is
pre-aligned at the transmitters by designing receive vectors,
the transmitters can avoid the pre-aligned interference. This is
referred to as IA at the transmitters (IAT).

For example, in a two-cell MIMO-IBC where MS;, has
N;, antennas, to reserve at least one-dimensional space to
receive the desired signal, it needs to reserve at most (N;, —1)-
dimensional space to eliminate ICI. Hence, the IAR precoder
of BS; (j # %) should satisfy

rank (H;, ;V;) < N; —
Vj#i (5a)
rank (HiK,i Vi) < Nig, =1

rank (V;) = K; (5b)

Similarly, for BS; with M antennas to reserve at least
K ;-dimensional space to transmit the desired signals, it needs
to reserve at most (M; — K;)-dimensional space. Therefore,
the IAT receive vectors of MS;,, -+ MS;, (Vi # j) should
satisfy

rank (HHju O HE ) <M, —K;Yi+j (6a)

rank (u;, ) =1 (6b)
In MIMO-IC where each BS only supports one MS, the
designed transceivers of IAR and IAT are equivalent due to the

uplink-downlink duality [6]. However, in MIMO-IBC where
each BS supports multiple MSs, the transceivers designed

'We assume that there are enough MSs. In fact, the required total number
of MSs in all cells is no more than (M + N)/d [12].
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for TAR and IAT are quite different. From (5a), we see
that the IAR requires BS; to compress multiple data streams
experiencing identical channel response. This leads to coherent
transmit vectors for different MSs, which is contradictory to
the constraint in (5b). In contrast, from (6a), we know that
with TAU the MSs compress their data streams experiencing
different channels, which will not causes contradictory to (6b).
We will focus on the IAT in the sequel.

2) Transmitter Design with Given Receiver: Once
{ui,, - ,ug,} are obtained, we can design the precoders
to eliminate the ICI and MUI. We can use zero-forcing
(ZF) criterion to keep interference-free. To improve the
performance in low SNR region, we can also use the maximal
signal-to-leakage-and-noise-ratio (Max-SLNR) criterion as in
[6]. It is not hard to derive the precoder of d;, at BS; as

—1

ZZHleu]lu H]ll+pUnI Hfit ik (7)
j=11=1

which is the Max-SLNR precoder when p = 1 or the ZF
precoder when p — 0.
3) Receiver Design: In G-cell MIMO-IBC, for IAT, the

receive vectors need to satisfy

rank(Ql)SMl—Kz,Z:l,G (8)
where Q; = [Pi;,---,Pi_1,Pit14,---,Pgs] €
CMXU=R) - Py = [HJ ujy o JH g, ] €

CM:ixK; denotes the equlvalent channel at the MSs in cell

7 from BS;, and K%t = Z — , K; is the total number of MSs
in all cells.

In (8), @; has K*°* — K; column vectors, then rank (Q;) <
K'' — K;. When M; > K*'* it is undoubted rank (Q;) <
M;—K;, i.e., (8) always holds. In this case, each BS is capable
of eliminating all ICI while the MSs do not need to align the
interference. In fact, the precoding now degenerates to the
coordinated beamforming (CB) [1].

When M; < K%, we need to design the receive vectors
to satisfy (8). There should be at most D; = M; — K; linear
independent column vectors in @;, and other M; — K; column
vectors fall in the space spanned by these D; vectors. Without
loss of generality, we assume that the first D; column vectors
are independent. Then we have

[Ai]11[Qi]1 + -+ [Ailip
[Ai]21(Qi]1 + -+ + [Ail2,p

[A;] kot — a1, 1 (@)1 + -

(Qilp; — [Qi]p;+1 =0
Qilp, — [Qilp;+2 =0

[Az]Kt"t M;,D; [Q ]Di
— [Q }KtOt—K,, =0

9

fori =1,...,G, where [@;]; is defined as the Ith colum vector
of Q;, A; is a (K*°' — M;) x (M; — K;) nonzero matrix and
[A;]; is the (j,1)-th element of A,.

Substituting @, = [H3 juy,, - ’HgKG,luGKG]’ N
Qe = [HY quy,,-- ng—lxc,l,GuG*chl] into (9), we
can obtain a linear equation in term of the receive vectors,

Hu=0 (10)

— T T T T T

where u = [’u,ll,-' SUTREEE ,uG1,~~,uGKG] €
tot

CN'™'x1 ) ot — S S NG s the total number of

receive antennas of all MSs, and H is of size Z (Kot —

M;)M; x N*°*, whose entries are functions of {H zk,j} and
{A;). B

We can design the receive vectors by letting u € null{H },
llw;, ||? # 0, where null{ H } means the null space of the matrix
H. Considering that u;, and cu;, (« is a non-zero scale factor)
align the interference into the same space, for simplicity, we
restrict the receive vectors to follow |ju;, ||* = 1.

To illustrate the idea of receive vector design, we consider
a case where M; = K,;. From (3a)~(3c), we know that the
required minimal value of N;, is N;, = K%' — K; + 1. Then
H in (10) is of size >’ _1(Kt°t - MZ)Ki x Zle(KtOt -
M; +1)K;. The number of rows of H is less than its number
of columns, hence there exists at least one non-zero solution
of (10), from which we can obtain the receive vectors of the
MSs.

For example, in a two-cell MIMO-IBC where K; = 3,
Ky = 2, when M; = 3 and M> = 2, from (3a)~(3c), the

required minimal value of V;, satisfies Ny, = Ny, = N1, =3
and Ny, = No, = 4. Then the corresponding H is
0 0 0 _H£,1 0
0 0 0 0 Hi}l
H= —H{fa 0 0 0 0
0 _Hﬁa 0 0 0
0 0 —H{;Q 0 0

which is of size 13 x 17. Let w € null{H}, we can obtain
the receive vectors. After some elementary transformations,
H can be converted into a block diagonal matrix. Then the
receive vector of each MS can be further obtained as

U, = null{Hﬁ,Q}, Uy, = null{Hﬁ,Q}v Uiy = nuH{Hﬁ,Q}’
ug, = null{HY |}, uy, = null{H |}

In this example, the MSs are able to eliminate all the ICI,
i.e., they align the ICI into D; = 0O-dimensional subspace.
Then the BSs only need to eliminate the MUI. Similar idea
has been proposed in [9] for downlink TA in a two-cell
MIMO-IBC. However, [9] requires M; = K; + 1 transmit
antennas whereas our method only requires M; = K; an-
tennas. Actually, the extra one antenna is unnecessary since
M,; = K; is enough for BS,; to transmit its desired signals.
Since our IAT method can also implement IA for other antenna
configurations, the downlink TA in [9] is a special case of our
method.

In the example addressed above, D; = 0 (i.e., M; = K;),
where H does not depend on the matrix of combination
coefficients {A;}. When D; > 0 (i.e., M; > K;), H will be
associate with {A;}. In the following, we discuss the design
of {A;}.

In (10), H is of size ZZ L(K*°Y — M;)M; x N*°*. Since
different relationship between the number of rows of H and
the number of columns leads to different design of {4;}, we
investigate {A;} in the following two cases.
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Case I: Y (K" — M;)M; < Nt

In this case, rank(H) < N'*' always holds. For arbitrary
non-zero matrix {A;}, the matrix H'H always has at least
one zero eigenvalue. Therefore, we can choose u directly as
the corresponding eigenvector.

Take a two-cell MIMO-IBC as an example, where BS; and
BSs support K1 = K9 = K MSs. When M; = K + 1, from
(3a)~(3c) the required minimal value of N;, is N;, = K.
Then H in (10) now becomes

Ir 0 Fl
H = _—
(Hz 0 )
where
[1‘11‘]1,11‘{;51[’z ng’Z. 0 0
H H
H. = [Ai]2’1Hj1 v 0 _Hjs i
[Ai]K—l,lHﬁ’i 0 0 ,Hjh;’

is of size (K2 —1) x K2.

Since the number of rows in H is less than the number of
columns, we can design u as the eigenvector corresponds to
the zero eigenvalue of H H.

In this example, the constraint shown in (10) can be
expressed as another form,

HI u :[A] 1HH :"':[A]K 11HH

J1, iU J2, iU JK, iUk

Y

It indicates that all the ICIs are aligned into a one-dimensional
subspace. In fact, both the downlink IA in [10] and the uplink
IA in [3] considered the IA constraint in (11), i.e., these TA
transceivers are designed given one-dimensional interference
subspace.

We can see from (11) that the value of [A;];; never affects
the directions of the aligned space only if [4;];; # 0.
Therefore, under the constraint of ||u;, ||* = 1, the obtained
receive vectors {u;, } do not depend on {4;}. Consequently,
we obtain a surprising but reasonable conclusion that [A;];;
can be set arbitrary except zero.

Take another two-cell MIMO-IBC as an example, where
K; = Ky = K. When M; = 2K — 1, from (3a)~(3c) the

required minimal value of N;, is N;, = 2. Then, H in (10)
is
H; = ([AihHY [Ailv k1 H , —HJ )

which is a (2K — 1) x 2K matrix. Similarly, [A;];; can
be set arbitrarily. Then we can design w as the eigenvector
corresponds to the zero eigenvalue of H H.

Case II: Y | (K™ — M;)M; > N*°*

In this case, rank(H) < N does not always hold for
arbitrary {A;}. In order to obtain the IA transceiver, we need
to design the coefficient matrix {A4;}.

So far, only the authors of [8] have investigated the design
of {A;} for a special case of Zil(K“’t — M;)M; = N*tot,

where H is a square matrix. To ensure rank(H) < N,
Ay, -+, Ag need to satisfy

det{H} =0

Take the typical case of a three-cell MIMO-IC with M =
N = 2 as an example, which has been addressed widely in

(12)

MIMO-IC [2, 8], the corresponding matrix is
o 0 [A1]1,1H§1,1 _Hgll,l
H= [A2}1,1H{{1,2 0 —H?ﬁ,z
[A3}1,1Hﬁ,3 _Hg.ﬁ 0

which is a 6 x Q matrix. After some regular derivations, the
determinant of H can be obtained as a function of [A4] ;,
[AQ]Ll and [A3]171, i.e.,

det (H) = adet ([Al]l,l[AS}l 1[A2};}I — Q) (13)

where Q = — (Hgylﬂigﬂﬁyg) H§I 1Hﬁ H21 5 and
a = [Ag]leet (HglthgIl,QHﬁ,?’)

When [Alhﬁl[Ag]m[Az]f& is equal to an eigenvalue of Q,
we have det{H} = 0, i.e., rank(H) < N,

This method proposed in [8] can be easily extended to
MIMO-IBC when H is a square matrix, however it can not
be applied to more general cases.

To design the linear 1A for the case where 27 LK —
M;)M; > N*°* in the following we find {A;} when H is not
a square matrix. Since rank(H) < N is equivalent to the
case where there exists a N'*°*-dimensional vector z satisfying
|Hz||? = 0, we can convert this rank constraint problem into
the following optimization problem,

min || Hz|? (14)
Z,A1, - ,AG
where H is a function of A;,--- ,Ag.

For the given values of A, --- , Ag, the optimal solution x

of the problem (14) is

z = argmin{||Hz||*} (15)

It is easy to show that the optimal z is the minimum dominant
eigenvector of H H.

Moreover, note that (9) can be expressed as a linear equation
of {Ai}, i.e.,

B,AT —C; =0 (16)

where B; = [[Qih, [Qi]g, “e 7[Q2]D1] € CMixDi and C;, =
[[Q ](D 1) [Q ](Di+2)’ SRR [Qi]K“’t—Ki] c (CM;‘X(Ktot_Jui).
Then for a glven x, the objective function of (14) becomes
|Hz|? = | |B;AT — C;||*. Therefore, it is not hard to
show that the optlmal {AZ} for (14) becomes
A; = argmin{|B:A] - Ci|*} = C{ B} (B B})

- oan

Using alternating minimization algorithm as in [7], we can
employ an iterative algorithm to design {A;}, which includes
the following steps:

1) Initialize {A;} as arbitrary matrices for i = 1,...,G.
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2) Let z be the minumum dominant eigenvector of FHF.

3) Let A, = CTB; (BTB;) ™.

4) Repeat steps 2), 3) until {|[Hz|?} < &, where ¢ is a

given non-negative number.

Note that the objective function in (14) is non-negative,
and the objective function will reduce by optimizing & with
given values of {4;}, and vice versa. Therefore, this iterative
algorithm is convergent. When (3a)~(3c) are satisfied, the
IA feasibility conditions guarantee that there exists at least
one IA solution. Although our iterative algorithm may not
converge to an IA solution, setting different initial values in
parallel can increase the probability of convergence. In fact,
from our forthcoming simulation, we find that it is enough
to set one initial value to achieve ¢ = 107°. Compared
with the existing iterative IA algorithms [6, 11], our method
only iteratively calculates the coefficient matrix {A;} rather
than iteratively finds the precoders and receive vectors, which
avoids the trouble of TAU in the precoder design and reduces
the complexity.

The proposed IAT algorithm is summarized as follows,

1) Construct H in find {A;} to meet ||Hz|?> < ¢.

2) Design w = [uf,,--,ug, ]" as the minimum domi-

nant eigenvector of FHF.
3) Design precoder v;, from (7).

C. Trade-off between number of data streams and SNR gain

The study in [14] indicates that IA is in demand if a system
is operated at or close to the maximum achievable rate, while
for low-rate applications the desirable strategy is to exploit all
antennas to achieve high diversity gain rather than to align
the interference. If an IA transceiver developed for high-rate
applications is directly applied for low-rate applications, the
resulting signal power loss may reduce the performance of the
system.

Fortunately, since our IAT algorithm is designed to employ
the minimal antenna resource rather than designed for a
given dimensional of interference subspace, it can adaptively
adjust the dimension of interference subspace according to
the number of MSs. When the number of MSs decreases,
the constraint for the receive vectors will be relaxed. Then
the MSs can employ redundant spatial resources to receive
the signals under the interference-free condition, resulting in
a good performance in low-rate cases.

To see this, consider a two-cell MIMO-IBC where M = 5
and N = 4. From the feasibility conditions of IA in MIMO-
IBC, we know that each BS can support at most K = 4
MSs in each cell, and the MSs need to align the ICI into
D = M — K = 1-dimensional subspace. When K = 3, if
we employ existing TA algorithms that align the interference
into a pre-determined subspace, i.e., still align the ICI into a
one-dimensional subspace, H in (10) is

H = ([Ai]l’ng”' H
[Ai]2,1Hj1,i

and there exist two non-zero solutions for u.

0
_HH

J3st

) c ClOXlQ

When K = 3, however, with our algorithm the receive
vectors at the MSs align the ICI into D = M — K = 2-
dimensional subspace. Then H in (10) becomes

Ei _ ([Az} HY [Az] HY _HH ) c (C5><12

INEC ] 1,2 5o i ayi
and there exist seven non-zero solutions for w. This provides
the MSs a subspace of higher dimension to receive the desired
signals without any interference. Thereby the MSs have the
opportunity to exploit these redundant spatial resources to
enhance the signal power, which finally yields a trade-off
between the number of data streams and SNR gain.

IV. NUMERICAL AND SIMULATION RESULTS

In this section, we verify our analysis and evaluate the
performance of the proposed IAT method via simulation and
numerical results.

2 G=3,K=2, d=1
O M xN:6x1
OM xN:5x2
A M xN:4x3
601 & M xN: 3x4
X M xN:2x5

_
/57

3>

o
=]

Sum Rate (bit/s)

1=

20 25 30 35 40

SNR (dB)

Fig. 1. Sum rate versus SNR in a three-cell MIMO-IBC, G = 3, K = 2.

Figure 1 shows the simulated sum rate versus SNR for
a symmetric three-cell MIMO-IBC where each BS supports
K = 2 MSs. From (3a)~(3c), we know that there is more
than one antenna configuration to achieve the required number
of data streams. To achieve d*°* = 6, the required minimum
number of antennas needs to satisfy the following configu-
rations of (M x N): (6 x 1), (5 x 2), (4 x 3), (3 x4) and
(2x5). Based on these antenna configurations, our IAT method
respectively aligns the interference into D = 4,3,2,1,0-
dimensional subspace. We can see that the slope of all the
simulated curves is equal to the required number of data
streams, which is with legend “Predicted slope”. It suggests
that our IAT method can achieve the required number of data
streams with the minimum antenna configurations. Note that
although the number of data streams of all cases are identical,
their sum rates are different. The sum rate is higher for a
system with larger number of receive antennas, which comes
from the array gain (i.e., the SNR gain) in a MIMO receiver.

In Fig. 2, we show the data rate per user in a two-cell
MIMO-IBC where M = 5 and N = 4. In this antenna
configuration, each cell can support at most K = 4 MSs.
When K = 4, the receive vectors of the IAT align the ICI
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N G=2, M=5, N=4

1
O K=4,(D=1) | — Max-SLNR precoder
X K=3,(D=1) || = ZF precoder
(1 K=3,(D=2)

Data Rate per User (bit/s)

“10 15 20

30 35 40

25
SNR (dB)

Fig. 2. Data rate per user versus SNR, G =2, M =5 and N = 4.

into D = 1-dimensional subspace. When K = 3, the receive
vectors of the IAT can align the ICI into D =1 or D = 2-
dimensional subspace. From these results, we can see that
when K = 3, if the system still aligns the ICI into D = 1-
dimensional space, the data rate per user of K = 3(D =1) is
the same as that of X' = 4(D = 1). However, it is clear that if
we adjust the dimension of the aligned interference subspace
according to K, e.g., let D = M — K = 2, the data rate per
user of K = 3(D = 2) is higher than that of K = 3(D = 1).
It is because compared with IA for D = 1, the IA for D = 2
relaxes the constraint for receive vectors, as we have explained
in last section. This shows that the proposed method achieves
a flexible trade-off between the number of data streams and
SNR gain and makes a good use of antennas.
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Fig. 3. DoF versus the number of cells G, M = 3, N = 3.

In Fig. 3, we show the maximal achievable DoF when the
number of antennas is given as M = N = 3, which are
obtained by simulation using our IAT method and by the
maximal achievable DoF in (4). Note that our IAT algorithm
can be applied in both MIMO-IC and MIMO-IBC. In MIMO-
IC, each cell supports only one MS who transmits multiple

data streams, while in MIMO-IBC, each cell serves multiple
MSs and each MS transmits only one data stream. To show
how the maximal DoF is achieved, we also provide the number
of data streams in all cells {dy,---,dg} in the figure. For
example, in the case of G = 3, {di1,d2,d3} = {2,2,1}
denotes that BS; and BSy respectively transmit two data
streams and BS3 transmits one data stream. From these results,
we can see that no matter in MIMO-IC or MIMO-IBC, our
IAT algorithm always achieves the maximal achievable DoF.

V. CONCLUSION

In this paper, we developed a linear interference alignment
transceiver for general MIMO interference broadcast channels.
By designing the transceiver that achieves the maximal degrees
of freedom, the proposed method is able to adaptively adjust
the dimension of the aligned interference subspace according
to the number of active MSs. Therefore it can achieve a
good trade-off between the data stream number and the SNR
gain that improves the performance of interference alignment
in low-rate applications. To accommodate the difficulty in
aligning interference at MS sides for MIMO interference
broadcast channels, with our transceiver the MSs first align
the inter-cell interference at the base station and then the base
stations pre-eliminate the aligned inter-cell interference as well
as the intra-cell interference before downlink transmission.
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