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Abstract: We propose an interference alignment scheme for the
multi cell multiuser interference channel, where M antennas are used
at the base stations and N antennas are used at user terminals. The
large number of interference vectors from other cells are aligned into
interference alignment planes at the other cell base stations. After the
alignment, L cells support up to L(|N/(L—1)]—1) user streams when
1<|N/(L-1)| <M.
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1 Introduction

Competing wireless links can share the wireless resources like time or fre-
quency through the Interference Alignment (IA) [1, 2, 3, 4] and enhance the
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usage of the spectrum. IA in two cell interfering multiuser system with multi-
ple antenna nodes is considered in [5, 6]. In [5], authors present an IA scheme,
where 2(M — 1) user streams can be supported when M antennas are used
at both the Base Station (BS) and user terminal. Aligning the interference
vectors into the null spaces of the interference channels, the same number of
user streams can be served with M — 1 user terminal antenna elements (M
antennas at BS) by the scheme appeared in [6].

In practical cellular systems, more than two cells interfere with each other.
Hence, the TA schemes in [5, 6] are not much useful in real world interfering
cells. Moreover, the number of user node antennas N is fixed to M in [5]
and to M — 1 in [6]. The IA scheme in this letter works for general L cell
MIMO interference channel with arbitrary M and N. The large number of
interference channels from multiple cells are aligned into a space spanned by
the column vectors of the interference alignment plane matrix.

After the system model is introduced in Section 2, the TA scheme in L cell
is presented with some simulation results in Section 3. Section 4 concludes
the letter.

2 System model

There are L neighboring base stations where each BS serves K (> 1) users.
M antennas are used at each BS and NV antennas are used at each user. Our
derivation is based on the Multiple Access Channel (MAC). Using the up-
down duality given in [7], the proposed IA scheme can be applied in Broadcast
Channel (BC) case as well. The signals from the LK users reach the L BS’s.
Since only K user signals are associated with the ¢-th BS, there are (L —1)K
inter-cell interference signals for that BS. The received signal for the ¢-th BS
is
K L K
ye=Y Hpwopter + Y Y Grugwigar, + ng, (1)
k=1 140 k=1

where Hy, is the M x N channel matrix from the user £ in the ¢-th cell and
Gy is the M x N interference channel matrix from the user k in the near-by
cell [. We assume that the elements of the channel matrices are independent
and identically distributed (i.i.d.). A N x 1 vector w; with unit power is
used to pre-code the message signal x; , for the k-th user in the [-th cell. The
power of the signal z;; is P/(LK), where P is the total power used in L
cells. The M x 1 vector ny is the complex white Gaussian noise. Note that
the number of interference terms in the second summation of (1) depends on
L and the number of users per cell, which makes the interference alignment
hard if L is large.

Let the columns of M x (L — 1)K matrix Gy be the interference vectors
(G kWi, for all I and k) from the other cell users. If the condition

rank(Gy)=J, 1<J <M (2)

is satisfied for all [, the ¢-th cell BS has M — .J interference free dimensions.
Let the M x J matrix Py be the alignment plane matrix of the ¢-th cell. If the
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interference vectors toward the ¢-th cell BS (the columns of matrix Gy) are
aligned such that they are spanned by the columns of Py, then the condition
(2) is satisfied. If K < (M — J), then we can find the ¢-th cell zero forcing
(ZF) receiver to null out the rsulting interference. With the ZF receiver, we
are given the following signal model.

r=Fzroye, (3)

where K x M the ZF matrix Fzp, is composed of the top K rows of the
pseudo inverse of H,. Here, H; = [Hy 1wy 1,....,Hyx Wk, Pe1,---,PeJ)s
and py; is the j-th column of Py.

3 The IA scheme and simulation results

Let us consider the 3 cell case first. First, we check the condition to satisfy
the condition in (2) for the signals y; at the second cell and the third cell
respectively. For the k-th user in the first cell, the pre-coder wy; should
satisfy the two equations in (4) at the same time.

P5Ga1kwik = Oar—y), P3Gsewir = 0. (4)

Here, the (M — J) x M matrix Pj- is the projection matrix orthogonal to
the alignment plane matrix P; and 0, ) is the (M — J) x 1 zero vector. If
(4) is satisfied for all k = 1,..., K, then (2) is satisfied for the 2nd and the

7 Ga1k
3Gk
elements of the channel matrices are i.i.d., the condition 2(M — J) < N is

P
3rd cells. Let us consider the 2(M — J) x N matrix | P |. Since the

necessary for us to find a wy ;, that satisfies (4). The minimum J required is
M —|N/2| +1, where |-] is the integer floor function. Since J is in the range
1 < J < M, we need the condition 1 < |N/2] < M. The same inequality is
acquired if we check the conditions wg , and wq j should satisfy to meet (4).
The first cell can serve up to M — J = | N/2] — 1 user streams without the
other cell interference. In three cells, the maximum number of user streams
served is 3(|N/2] —1).

We can generalize the result into the L cell interference channel network.
If we follow the similar steps in the three cell case, wy j should satisfy the
following conditions.

PlJ_Gl,l,kwl,k = O(M_J), for [ = 2, e ,L. (5)

Similarly, the condition (L—1)(M —J) < N is necessary to find wy j satisfying
(5). Again, the minimum J required is M — [N/(L —1)] + 1 and the L cells
can serve up to L(|N/(L—1)] —1) user streams when 1 < |N/(L—1)| < M.
In general, large N is necessary as the number of cells (L) becomes large to
align the interference vectors toward the set of alignment planes.

We run simulations with some parameter sets and the sum rate results of
the proposed IA scheme are plotted in Fig. 1. The sum rates of the LK users

in L cells are calculated from the Shannon’s capacity expressions'. From

"Expressed as log, (14 SINR; 1) when SIN R, is the signal to noise power ratio of the
k-th user in the I-th cell.
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the slopes of the sum rates, it is confirmed that the proposed TA scheme
achieves the predicted degrees of freedom (user streams) with the inter-cell
interference efficiently aligned and suppressed by the ZF receivers.
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Fig. 1. Sum rate curves of the proposed IA scheme with
different parameter sets. Solid lines are for L = 3
and dashed lines are for L = 4.

4 Conclusion

We propose an interference alignment scheme for multi cell multiuser inter-
ference channel with multiple antennas. We show that large number of inter
cell interferences can be efficiently handled and aligned. Simulation results
confirm that the proposed degrees of freedom values are achieved by the
proposed alignment and suppression scheme.
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